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                              Abstract

   Inelastic scattering exciting the 2' and 4' members of the Krr =2" 7-vibrational band in

is2js4Sm, iEeGd, ifi4Dy, iS6,ifiSEr, i76Yb, 'S2,iS4W and i920s has been measured with 65-MeV

polarized protons. Coupled-chanRe} analyses have been performed assuming the
7-vibrational model or the asymmetric rotor model. A large hexadecapole(Y42)
term in the 7-motion is necessary in both models in order to reproduce the experimental

data. The quadrupole(Y..,) and hexadecapole( Y,,) transitien streRgths to the 7-vibrational

band have been extracted systematicaliy from the optical potential parameters and the

deformation parameters for the first time. These show a strong mass number dependence,

and can be uRderstood qualitatively by a sirnple geometrical picture together with the

quadrupole(Y,,) and hexadecapole(Y,,) moments, The experimental Y,, and Y. strengths

have been compared with an RPA calculation, This suggests the importance of the
haxadecapole degree of freedorn in the 7-vibration. A density-dependent Hartree-Fock
calculation explains the quadrupole ( Y,o) moments and the trend of the hexadecapole ( Y4e)

moments of the deformed opticai potentials very well. The effect of tlie density dependence

of the effective interaction is also discussed througth the Y,, moment$ and Yn strengths,

Coupled-channel analyse$ of the octupoie-vibrational band are also discussed.
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I. Introduction

    For the study of nuclear collective motion, it is of considerable interest to
investigate the 7-vibraÅíional band in the 152SAS192 region"", where the nuclei are

well-deformed and the non-collective components are suppressed up to the gap energy

(2A) owing to the superconductivity of the ground state. Experimentally, recent
progress in high quality beams and high resolution spectrographs has made it possible

to measure the low-}ying ine}astic satterikg for deformed nuclei in tke 152g-AS192
region.'m2` Therefore, we have recently performed a precise measuremenÅí on the cross

sections and analyzing powers in i68Er (p,p') a{ 65 MeV, and studied tke excitaioR to

7-vibrational states.i The results have clearly shown the importance of the haxadeca-

pole ( Y42) component in the 7-vibration.

    The possible existence of the hexadecapole ( Y42) component in the 7-vibration was

reported in early work on inelastic scattering.25ww28 Tjipm and Elbek first suggested the

possibi}ity of the direct excitation of the 4" states of the 7-vibrational band (4; states)

of '62,'S`,i66,468,"CEr by (d,d') scattering at 12.1 MeV, because these 4" states were StrOnglY

excited.2S Mackintosh pointed out the necessity of the hexadecapole ( Y42) term in fitting

the '66Er(a,a') scattering at 50 MeV.26 Recently, the importance of the Y42 teerm in

eescribing the 7-vibrational states of 2`Mg has been polnted out by Ray et al.27 in 2`Mg

(p,p') scattering and Van der Borg et al.2S in 2`Mg (a,a') scattering. Govil et al.2 has aiso

shown the importance of the Y42 term by i6SEr (a,a') scattering at 35 MeV.

    Theoretically, it has been recognized recently that the hexadecapole degree of
freedom in collective motion is very important in explaining collective motions in the

quasiparticle phonon model.2g-3i NestereRko et aL3' have asserted that a hexadecapole-

hexadecapo!e force is necessary in order to exp}ain the experimental B(E4) values of

low-lying Krr :3' and 4' non-rotational states of rare earth nuclei and to explain our

experimental result for the Y42 streltgth to the K" =2' 7-vibratlonal band of '6SEr.' On

the other hand, in the interacting boson model, the nucleon pair coupled to L= 4"
(G-pair) is considered to be important to reproduce the B (E2) and the moment of
inerÅíia together with the O" (S) ancl 2' (D) pairs.

    The work presented here is aimed at investigating the hexadecapole (Y42) compo-

nent in the 7-vibrational band in deformed nuclei, the Rature of whiÅëh is a long-standing

open problem. We have performed systematic measurements and analyses of the
inelastic scattering of polarized protons at 65 MeV exciting the 7-vibrational states for
is2,is4 sm, ifieGd, i64Dy, i66tifigEr, i76Yb, iS2,i8`W and i920s. A part of this work has been

described in our recent paper with a qualitative interpretation.9
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    Inelastic proton scattering in the 65-MeV regioR has many advantages in investi-

gatlng nuclear structure. First, the measurements of inelastic hadron scattering bring us

direct iRformation about the transition strength for high-multipolarities (AA43) which

cannot be easily obtained by in-beam 7-ray measurements. Second, in this energy
region, the reaction mechanism is considered Åío be relaÅíively simple in contrast with the

lower energy region. Therefore we can apply the direct reacÅíion theory with little

ambiguity. Third, the uncertainties in fitting the optical potenÅíial parameters and

deformatioR parameters can be considerab}y reduced using analysing power data
together with the cross sections, and therefore the transition strengths and multipole

morneRts can be deÅíerrnined more precisely. Furthermore, in this energy region the real

central part of the optical potential is deep, in contrast to the intermediate and high

energy region, where the imaginary part of the opticai potential is dominant

    In previous papers, we have studied the excitation to the O'rm6" members of the
ground state rotational band assuming the axially symmetric rigid rotor model.5-' The

quadrupole moments of the deformed optical potentials of i66"S8Er, '7`"'6Yb (Ref. s),
i78ti80 Hf, i82•iS`w (Ref. 6), 232Th, and 23SU (Ref. 7) for (p,p') scattering at 65 MeV have

been found Åío be 4-60/o larger than those of the charge distributions. These differences

can be explained by the density dependence of the effective interaction.5-"36ff`'

    In this paper, we extend the investigation to the coliective vibrational states over

the whole range of deformed nuclei. We describe the experimental method in Sec. II.

The form factors for surface vibrations of deformed nuclei are presented in Sec. III and

the coupled-channel analyses for the 7-vibrational band are described in Sec. IV. In
Sec. V, the deduced quadrupole ( Y22) and hexadecapole ( Y42) transition sÅírengths to the

7-vibratioanl band are presented and compared with various models. The systematic
behavior of the quadrupole(Y2o) and hexadecapole(Y4o) moments of the deforrned
optical potentials is also discussed from various points of view. A summary and some

conclusions are given in Sec. VI. Coupled-channel analyses of the octupole-vibrational

band are also discussed in Appendix A. Numerical va}ues of the measured cross
sections and analyzing powers are presented in Appendix B.

II. ExperimentalMethod

    The experiment has been performed with 65-MeV polarized protons from the
cyclotron at the Research Center for Nuclear Physics (RCNP), Osaka University, and
the data have been obtained using the high resolution spectrograph RAIDEN`2 Details

of the experimental method are described in previous papers.5MS For the deformed
nuclei, we have already measured the inelastic scattering of poiarized protons at 65
MeV frem i52,i5`Sm, i6`Dy (ReÅí 8), ifiS,i6SEr, i'4,i76Yb (ReÅí 5), i78,iSOKf, i82,iS4W (Ref. 6),

232Th, and 238U (Ref.7). The new measurements have been carried out for '6"Gd and
'92 0s, and the supplementary measurements for lnelastic scattering have been per-
formed for i52"S`Sm and i76Yb.

    During the experiment, the beam polarization was periodically monitored by a
sampling-type beam polarimeter with an interval of iO-30 sec.`3 The direction of the

beam polarization was reversed every O.5 sec by switehing the rf transitions at the
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atomic-type polarized ion source." At the foca} plane of the spectrograph, scattered

particles were detected by a counter array consisting of a two-dimensional position-

sensitive proportional counter (1.5 m length), a dual single-wire proportional counter

AE counter) and a plastic scintillation counter (E counter).`5

   All the targets used were self-supporting enriched metal foils and their thicknesses

and isotopec enrichments are summarized in table I. They were fabricaÅíed at the Oak

Ridge National Laboratory (ONL) except for '920s. The i920s target was prepared by

means of heavy ion sputtering using 10-KeV Ar ions at the Institute of Nuclear Study

(INS), University ef Tokyo. The beam intensity on target was 20-60 nA and beam
polarization was 80-85"/e. The overall energy resolution was 20-26 KeV (FWHM).

Table I. Thicknesses and isotopic enrichmehts
        of the targets.

Nucleus Thickness
(mg/cm2) Enrichment

ls2 Sm
154SM
i60 Gd
164Dy
IGGEr
168Er
i76 Yb
ls2 W
134W
1920s

 2.03

 2.96

 2.00

 2.1

 2.0

 2.0
1.0, 2.0

1.6, 3.4•

 1.9

 1.4

98.29%
98.69O/o

gs.leO/o

98.43%
97.69O/o

95.240%

96 . 68 %o

94.4 %
94.8 O/o

99.40%

    The solid angles and angular resolutions were 1.2msr and Å}O.46e for measure-
ments at forward angles (eiab.<36") and 2.3msT and Å}O.710 for measurements at
backward angles (eiab,k36"), respectively. The angular distributions were measured

from 100 to 70e in 1.0 degree steps at forward angles and in 2.0 degree steps at backward

angles.

    At the forward angles, in order to measure the inelastic scattering more efficiently,

separate measurements were carried out where the elastically scattered protons were

stopped by a slit placed in front of the focal plane counter. At the beginning of the

experiment, the uniformity of the efficiency along the focal plane was checked by
measuring the elastic scattering with various Bp values, and was consistent to 10rb.

    All the data from the counters were recorded on magnetic tapes event-by-event in a

list mode by a PDP-11/44 computer through the raw data processor.`6 We kept the
counting rate Iower than 800 cps, which corresponded to 50/o dead time. This dead time

was mainly due to the conversion time of the analog-to-digital converters.

    After obtaining the final spectra by sorting the list mode raw data, overa}1
dead-time corrections were carried out but dicl not exceed 50/e. In Fig. 1, we show

typical momentum spectra for 'S2Sm at 8tab.==48". The O'wu6' states of the ground state

ratationa} band, 2' and 4' states of the 7-vibrational band, 1-, 3- and 5ww states of the

E
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octupole-vibrational band, and O" and 2' states of the B-vibrational band are strongly

excited as shown in Åíhe spectra. In Fig. 2, we show typical momentum spectra for 'gZOs

at 0iab,=:70". The exciÅíation energy of the 2' state of the 7-vibrational band is lower

than that of the 4' state of the ground band in '920s. Typicai spectra for '66Er and '7`Yb

are shownin Ref.5 and those for 'S`W are shown in Ref. 6.

    All the peak areas were extracted using a peak-fitting code5'7 assuming that Åíhe

peak shapes were identical for all the states except for the peaks from contaminations.

The correction for the inelastic cross sections has been carried out taking account of the

isotopic enrichment of the targets. The experimental cross sections and analysing
powers for O', .9.", and 4" states of Åíhe ground band and 2', and 4' states of the 7-band
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are plotted in Figs 3-12. The error bars of the experimental data include the statistical

errors and the errors due to the peak-fitting, which have been estimated by solving the

error correlation matrix in the peakfitting procedure.

III. Ferm Factors fer Surface Vibration of Defermed Nuclei

    The basic formalisrr} of the coupled-channel calculaÅíion in the rotational modei and

in the vibrational model is described by Tamura in detail.`' The expansion to the

7-vibration has been presented by Ray et aL2', Harakeh`S, and Van der Borg et al.2S The

expansion to the octupole-vibration has been also reported by Harakeh`S and Govii et
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al.2 In this section, we follow these results for the case of the surface vi

deformed nuclei in a general form for the later discussion.

    The optical potential for tke proton scaÅítering is given by

          Usph(r) = Vcoul(r, rc)rm YiLf(r; rR, aR)-iWvf(r; rwv, awv)

          +4iaws Ws ddrf(r; rws, aws)+ Yis[ mE.c]2 -il- ISrf(r; ris, ais)(ZF ' 7),

where

          f(r; re, ae) = il+expC(r- r,A'!3)/a,]lwwi,

brations in

(1)

(2)



SYSTEMATICS OF T}-IE HEXADECAPOLE STRENGIIrH OF THE 7-VIBRATION199

•I

la

: .iill

iSig {?,pn Epor fi5 MeV

  r-v:bratlene{MedeL

        --- Tn
        - Tn+"2
       te'.c,ol

[2;,e.]go}

l",D.329I

t2;,l.Z2Sl

,o

.Ee

.ne

,s-a

,e1

'io

.en

::-:
"(ii

.ga

le2w tp.P'}

-I

Mih

Epza S5 MeV

  ";.1,"1)

-- 't

e.o

-e,s

t.n

o•s

a.n

.e.s

-],o

:

v v lat ,o. Ol
-

.

.{2:,fi. ioe]

,

d

uT.o, 3191

, ,

t"
p

,

T ,

[2;, 1,21t}

'' l 't''
'

''

''
'''

'

{4 ;,1• i43]

:e lo 4o so ea lo ee lg :a 3o 4D so eo     ec.i.taeEl et.httiesl
FIG. 10. i'he same as Fig. 3 except for iS2W,

7o ae

Os

o4

on

o:

lot

eT

el

el

es

eL

ee

cri

ee

orL

o-1

o'1

i'

ie4x [p,e,} Ep= fi5 MeV

  r-v-bretlenel MedeL

        --- \}2
        - Vn+Ta
       lo:e.ol

,

l2;,O,il:)

ti;.O.154]

[2;,o.gos]

         [4;,1.IS4}

t tt - t tlt-"           tt-
to 2o ao le so        et...ldes}

   FIG. Il.

tie 7c eo

"iliIi
iiIi

le4N [P.P'} Eeva 65 MeV

le',a,s)

,+

-l21,e,tltit

,

t

,

,

1/
.t4i,e,3641

'
'

'

1'

[2;,a,9e3}

'''"t}'+iC,III,ttt

tttt[4;.Å}.IS4]

le lc se 4ee"-.5 10

de")
Eo ?e ne

The $ame as Fig. 3 except for i8'W.

and Vceue (r, rc) is the Coulomb potential for a uniformly charged sphere.

    In deformed nuclei, the e}astic and inelastic scattering exciting the collective states

is described by the deformed optical potential. The potential surface can be expanded

accordlng to the notation of Bohr and Mottelson as`e:

          R'(9') = R3' [1+Z ,8K.(9')+Z ai. Yt.(S?')), (3)
                        ]Lli tM
where 9' =(0', ip') represents the angles in the intrinsic frame aRd the suffix 1' represents

each part of the optical potentials- the real central part, volume imaginary par!, and so

on. From now on, we avoid the suffix j' in the equations for convenience. The second
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     represents the static deformation

       vibration).

        is axially symmetric.

Ro (l+ Z] ,61Ao YAe(S2')-i- X aim Yim(S2')] ,

                   tm
 q-numbers, the deformed optical potential Uis

and the third

expanded in

(4)

firsÅí

          U(rnd R, 2') : Uo(rrmRfi, 9')-t-Åí ai. Yt.(9') Ui(r-RB, S2'), (5)

                                   lm
where

         Rn=Re [l+Åí BAo YAI e(9')], (6)
                     A
          u,(.-R,,g,):R,-Qt-Uigc:si}5LgEiiiitU(rRR9).=.,. (7)

   For a /e-vibrational band, 7-vibrational band, and octupole-vibrational band, we
could basically chose the pairs of (l, m) in Eq. (4) as (l, m)=:(2, O) (+(O, O) for volume-

conservation correction), (l, m) =(2,2)+(2, rm2)(+(4,2)+(4, nv2) for hexadecapole 7-
vibration), and (l, m) = (3, O) (+(1, O) for center-of-mass motion correction], respectively.

   Following Tamura,`7 the potentials Ue and Ui in Eq. (5) are expanded in multipoles

as

         U(r, 9') =Åí vXO'(r) YAe(9')+ZÅíCiJXi' tM(r)at. YA.(S2')], (8)

                   A AImwhere
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          vXi'• b"(r) =: :IF,] v`,i•'(r) [(2 14+.(12)(A21}' l+) l) ]}<loXol Ao><lmXOIAm>, (9)

          v`f;'(r) =4rrX'd(cose')yxe(o') ui(r, e'). (lo)

    Finally, the potential (8) can be rotated to space-fixed coordinates using the
rotatioR matrix D.*.A ,

          U(r, 9) = X vXO'(r) YA,,(S2')D:C+ZX(Vff' `M(r)ai. Ym(9')D.*CJ . (11)

                   A" Apt tnz
    The optical potential UiR Eq. (11) can be divided into two parts as follows:

          U(r, 9) == Udictg(r)+ Ucoupt(r, S?), (12)
where

          Udiag( r)" w6e'(r) YoeDljeO (13)
          Uccupt(r, 9) = Åí vXO'(r)Xu(S2')DZC-l-X Z {Off' iM(r)aim YAm(g2')D."os . (l4)

                     Axt(Aije) Apt lm
   The first term in the righ{-hand side of Eq. (14) represents the rotational coupling

and the second term represents the vibrational coupling in the deformed nuclei. The

Hamlltonian of this sysÅíem is given by

         H:T+ Nlt+ Udios+ Ucoupi, (l5)
where T is the kinetic energy of the incident particle and Ht is the Kamiltonian for the

internal motion of the target nucleus. Then the Schrodinger equation can be written as

         HV =E, ur (16)
   where the wave function of the whole system is written as

          ur x r-i Z] RJ.t.j. (r)Åí <1'nlnmjMnlJM>yinjnmi diinMnKn , (17)

                Jntnjn MjMn
where

         Yinjnmd =Åí<tsMiMsll'Mj>ii YinmtXsms• (18)
                 mtms
     '
The spin function of the projectile is Xsm, , an(i dii.M.K. represents the wave function of

the target nuc}eus of each nuclear state. The wave function of the target nucleus is

given by

         Åë`MK = geK(e)k6 .2,2i{1-l"" ia,,) ]'12Å~(DM*Ki+(- 1)`DM".t K] , ag)

where grK(e) is the intrinsic wave function of the nucleus in the K band.

   The matrix element for the coupling potentiaRs then given by
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  <(gtjop diiK)nfl Ueouptel(yrfop dirK•)JM> ": \ (vXO>(r)5KKt(2I' -F 1)i/2(I'KAO l JK)(1- aAo)

          -1- aK+K•, .XvS,i"M(r)X BiM(I, I'; ,K, I))A(ijI, l'il'; Ms), (20)

                    Xl
where27

          A(llil', l7'I'; A.Jls) == (47r)"i2(-IYwwspt''t"i"{"-i)/211'J;.I-'<ll'OOI ALO>

                           ' W(7tLlj'I', ,fA) W(ijl7; sA), (21)

using the Wigner coefficients and

          Btmu, I,; ,N x) ,,,, ( (2l4-l--(12)fi2+AiS) 1) )'/2<loxo l Ao><l.'Ao l A.>

                         • (2 I' -l- Oi/2<I' mA-ml lO> rpi.. (22)

    The quantity rptm represents the amplitude of the oscillation associated with the crtm

and is given by:

          rptfn =ma <Welaiml Vm>• (23)
    The coupled-channel code ECIS7950 has been modlfied to include the form factors

of surface vibrations in deformed nuclei as described in this section. Therefore, any

surface vibration in deformed nuclei can be calculated using this code so fax as it can be

expanded as Eq. (4).

gV. AnalysisandResults

    Two kinds of coupled-channel analyses have been performed for O", 2" and 4"
states of the ground state rotational band and 2" and 4" states of the K"=:2' 7-band

assuming the 7-vibrational modei and the asymmetric rotor model for '52'i5`Sm, 'GeGd,
IG4 Dy, lfi6tl68Er, 176Yb, IS2,IS4W, and 1920s.

    In the x2-fitting with the coupied-channel calculations, 30/o errors were added to the

statistical errors in order to include the unknown sysÅíematic errors and to avoid
trapping in an uRphysical local x2 minimum as follows:

          6a(0) ={Sa(e)kt.t+ a(e)2XO.032]'i2, (24)
          6A,(0)x(aA,(e)g,,,+Qo32]i/2. (2s)

A. Analysis assuming tke 7-vibrationa} model

    Coupled-channel analyses assuming the 7-vibrational model have been performed
using the modified version of the code ECIS79 as described in the Sec. III.

    Deformed optical potentials of real centrai, volume imaginary, surface imaginary,

real spin-orbit, and Coulomb forms were employed. In this coupled-channel calculation,

the deformation parameters of each part of the optical potential are set to be equal for

simplicity. The quadrupole mornents of the real eentral part of the deformed optical
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poÅíential obtained by this method agree with those obtained by the moment-scaling
method5'fi to within 20/e. The deformed full-Thomas term was used for the spin-orbit

potential.5' The deformed optical potential was expanded in multipoles up to Aur8 in

Eqs. (8)m(14). The matching radius was chosen as 20 fm, also taking account of the

Coulomb excitation.

    The potential surface is assumed to be as follows:

          R(S2') "= Re(1+ Åí i8Ae YAg(S2')+a22i Y22(S?')-E- Y2-2(9')l

                       A=2,4,6

               +anl X2(9')+ Y4n2(se')l), (26)
                                                                       '
    where a22 and a42 represent the collective coordinates corresponding to the quadru-

pole(Y22) and hexadecapole(Y42) 7-vibration. The potential surfaces of the nucleus

during the Y22-mode and Y42-mode 7-vibrations are shown in Fig. I3. 0', 2' and 4"
states of the ground state rotaÅíional band and 2" and 4' states of the 7-vibrational band

have been coupled simultaneously in this calculation. Since the 3' state of the 7-band is

an unnatural parity state and the excitation of the 3" states is very week as shown in

Figs. Im2, we did not include the 3' state. It was confirmed that the influence of the

coupling of 3' state on the other states is negligible in this calculation. The coupling

scheme is presented in Fig. 14.

   A least-x2 search for {he optical potential parameters and deformation parameters

was carried out. The Bfi deformation parameters were kepÅí fixed to the values obtained

by the previous coupled-channel calculation for the O'-6" states of the ground band.5'6

  .--N
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--•  A -•-i•i' '-

--.
 B -- l)L----

        i

x
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FIG 13, Potential surface of the nucleus dur-
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A renormalization factor of the experimental cross sections was included to account for

the uncertainty of the target thickness. The sloid(dashed) curves in Figs. 3m12 show the

best-fit results of the coupled-channel calculation assuming the Y22+ Y42 mode (only Y22

mode) 7-vibration. Without Åíhe hexadecapole(Y42) term, the 4" state of the 7-
vibrational band cannot be reproduced for all the measured nuclei. Excel}ent fits have

been obtained for all the states if' and only if we introduce the hexadecapole(Y42)

7-vibration as shown in the figures. The best-fit optical poteRtial parameters, the
deformaÅíion parameters, the x2/f values, and the renormalization factors (.IVo) of the

experimenta} cross sections are }isted in Table II.

    In order to investigate the sensitivity of the data to the static and dynamic
deformation parameters, x2 values were evaluated with a little variation of each

deformation parameter. We defined the uncertainties of the deformation parameters by
the values where the x2 increases 100fo from the minimum one. These uncertainties are

listed in Table II in parentheses.

Table II. The optical potential parameters ancl deformation parameters in the 7-vibrational

model as obtaiRed by varying these parametes to fit the 65 MeV (p, p') data.

Nueleus  Vg m aR Ve rvv avv Ws rvs avs Vlt rls afs
(Neu) (fm} (fm} (tYev) (fm> (fm) oveV) (frn) Cfm> oveY> <fm> {fm)

t)tte &e fiEe ve na x21f tsS

leeth 39.60 1.ne e.mo n.28 1.Czara O.ems3 5.09

IS;dn 41,70 t.t80 e.745 9.ev 1.228 O.344 4.42

XOca 38.sa 1.224 O.71M7,45 O.7ov 1.0er 7.41

iee by ev.79 1.222 O.716 11,su O.9[wa O.S9tt 6,8t

iesEr 38.6S t,2Z3 O.731 9.20 O.g79 O,S73 7,44

iasEr 36.61 l.as4 O.714 9.05 1.038 O,ee1 7.09

l76vb :tg.se 1.222 o.71s IS.89 O.7t4 t.054 7.7e

ieeV Err.e8 1,as4 O.709 9.02 O.968 e.7g5 7.33

l84w 3s.54 1,226 O.716 8.96 1.024 O.7i7 7.t2

lg2os 4xl.55 l.14S O.B12 S.ca 1.or4 O.26t 6.72

1.252 O.655 5.ee

1,345 O,4gS 6.04

1.eeo e.ore s.ee

l.209 O.am 5.4E]

1.219 O.650 5.ew

t.am O.am 5.or

1 .am e,6ee 5, es

i.224 O.Si2 5,Sr

!.2Z4 O.638 5.sc

t,as? O.653 5.79

t,12f O.7on O.Z)S8(41)

1.116 O.6S5 O.2578<as}

1.i49 O.S48 O.Mos{58>

1.!ac O.62B O.2fi22<as>

t.182 O.6I8 e.2ee4 (32>

f.173 O.603 O.2a45(39)

1.164 O.645 O.Zrcrr C52)

1.174 O,84a O.2ZTS<31)

1.T51 e.ew2 O.21ee(29>

:.crT2 O.765 O,158S{21)

O.06Xl(ge)

O.0826(2r)

O.S47!(25>

O,Of63(rc)

e.am<ee>

-O.OI07(41>

-O.CE4t(29)

-O.[ma1(13)

-O.0630(!2>

-O.Oew2(t6)

-O.oo7 O.0545Cfn) e,Of82(os} 3,7

-O.OtO O.ua(i9} O.ce14Cor> 4,4

-O.O13 O.0512(t1) O.rm(06} 3.6

-O.CX]9 O,0481<13) O.0238(12) 1.8

-e.O12 O.04g5<1O) O.a229"1) 2.e

-e.oa O.048t<14)O,ea47(!O)2.3

-e.eos o.o`tlo(12> e.ofea(or) 3.s

o.oo! o.o46oas} e,ooeg(13) 3.s

O,O05 O.0478<09) O.oo99(1!) 2.6

-O.oo1 e,0643C20) O.O143(t2} 2,8

l.oo

O.94

O.91

o,se

1,05

1.00

o.ew

O.78

t.19'

o.6e

t" Renormalization factors for the experimental cress sectiens to be divided.

B. Analysis assuming the asymmetrie rotor model

    Coupled-channel calcttlations assurning the asymmetric rotQr model have also been

performed using the code ECIS79. In tkis model, the nucleus is assumed to be a triaxial

rigid rotor and the 7-band is generated from the rotation.52 We have assumed the

following deformation

          R(9') : Re[1+.X.,,,,BAeYAIg(9')+,6?22I Y22(9')vt.liirmY2-2(S?')]

               +B,,[ Y42(9')fft Y4-2(9')]). (27)

    The rotational Hamiltonian for the asymmetric rotor is
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          Hrot=;.,2JIk.• (28)
where In are the moments of inertia on each axis.52-S3 The moments of inerda in Eq.

(28) have been determined by assuming the Davydov-Filippow model as:

         I. r= Elge,lsin2(7- 23rr nm), (29)

where n 2/4BS2 is a quantity which has the dimensioR of energy, and 7 varies between

O and rr/3. Each nuclear state can be written as

          IM;a> =ÅíAe,,,.,. IMK> (30)
                     K
with

           IMK> =V(B, 7)[16.22fl++la,,)]i/2Å~(DM*K`+(rm1)tDM*-`K,], (31)

where ur(ie, 7) is the intrinsic wave function.

   The band mixing coefficients AeK have beeR deÅíermined by solving the eigenequa-

tions

         Åí<IMK'lHretllMK>A•:K' == E&AeK, (32)
          K'
where the Eb is the eigenvalue of the Hamiltonian of the asymmetric rotor.

   We have set E2/4B)e2 and 7 in Eq. (29) in order to reproduce the energy levels of

the 2i" state of the ground band and the 2g state of the 7-band. The asymmetric
deformation parameters 7 in Eq. (31) have been determined by the equation

Table III. Band mixing coefficients used for the coupled-channel calculations

assuming the asymmetric rotor model,

Nucleus

7(deg)

cr

K=G

z
KxO Ktt2

4
K=O Kt2

4'

K;O K=2 K;4

g
K=O Kv2 K=4

l52th1

I54Sn

leeCci

xu Dy

le5Er

e cS Er

17SYb

le2w

le4w

l92 os

13,Z33

9.538

10.981

12,304

12.676

12,354

1O.182

11.382

l3.836

25.I96

1.0ooO

1.eooo

1,OOC>O

1.oooe

1.eeoo

t.oooo

1,ooOO

1.0000

1.0000

1.oooo

O.99SE3 e.O19.5 -O.Ot95 O,9998 O.9gT2 O.crTtbO O.(XX)6 -O,0750 O.9g71 O,O099

O.9999 O.am -e.mm O.9999 O,9gg7 O.0259 O,orX)t -O.C)2S9 O,99[;7 O,CK)34

o,gggg e,olos -o,osos o,gggg o.ggs2 o.otva7 o.ooo2 -e.oacrr o.ggg2 o,oosts

O.9999 O.O153 -O,O153 O,9999 O.99B3 O.059S O.CXX)3 -O.0590 O.9gS2 O.OCr78

O,9999 O.O169 -O.O169 O,9999 O,9gT9 O.Cam O.Cmo4 -O.OS50 O.9gr8 O,CK>S6

O.9999 O.Ol55 -O,Ol55 O,9988 O.99S2 O.059S O.CCOtS -O.059B O,99S2 O.ooX}

1,cooo O,CX)83 -O.Cma3 1,CX)CX) O.9995 O.os19 O.CXX)1 -O.os19 O,9995 O.OCMO

o.gggg o.ols4 -o.olstt o,gggg o.gggo o.ot;s7 o.{x)o2 -o.cms7 o.ggsg o,cx)6o

o.ggg7 o.ma -o.ma o.gggT o.gg62 o.oewo o.ocx>B -o,oErro o,gg61 o,olis

O.wn O.ee49 -e,2349 e.gTee O.8468 O.5299 O.0450 -O,5307 O.am O,1348
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     1
7: 3

 .sm ( 1 - ykmJ ), (33)

with

           y=

where Ei(2) and

ly. After 7 was

e2(2)/ei(2) ,

e2(2) represent the energy levels of the 2;

determined, the matrix elerr}ents of Eq.

state and

(31) have

              (34)

22" state, respective-

been evaluated and

Table IV. The optical potential parameters and deformation parameters in the asyrnmetric

roter mode as obtained in the present coupled-channel calculations using the band

mixing coefficients in Table III.

Nue!eus Ya
    C-tev)

rft qe Vv
(fm) {f,n> elev)

ry. ayv Ys
{i,n} ifm) eleV)

ry: avs Vts rts ats
(fm> Um) ("laV) <fnt) ifm}

fi20 64e Beo Bn fi42 x21f tsfie

Å}S2sn st.es 1.21B O,7ss

l54sn 4o.08 1,!ew O•ms

ieec)[i 3s.ee 1,mg o.ax

tM Dy 38.89 1.228 O.7ce

16fiEr 38.32 1,2ac O.735

tosEr ev.35 1.22S O.717

17Syb er,7i 1.233 O.fig7

iS2v ev,15 1,mo O.7oo

1ecV 38.361.22S O.7f7

1scos 41,oo 1.174 O.7ee

1O.11 1.062

1O,a5 1,134

11.ee O.7ss

aI.28 O.9a4

S.19 1.Cer

8.66 1.063

IO.61 O.825

9.ou O.94S

8.70 1.058

7.46 1.08S

O,g72 4,ee 1.238 O,644 5.57

O.728 4.42•l,av4 e,5St 5.71

O.883 7.se 1.Iee O.685 5.66

O.ew2 6,ss t.axYT O.6ac 5.45

O.599 7.so 1.22$ O.6a2 5.74

e.5g4 7.os 1,as4 O.619 5.82

O,ew4 8.os 1.194 O.676 5,45

O.Ttr6 7.ee 1,222 O.613 5.M

O.7oa 6.ee 1.ne4 O,E25 5.47

O.!gT 6.95 1.22S O.ss7 5.73

t.t4o o,wg2 o.oril1 cce)

t.f16 0.ew O.am<#"

f.t53 O.644 e,U78K51)

1.{S5 O.636 O.2809(4S)

t.tsT o.6ta o,2scrT(2g)

1.161 O.6t6 O.amt (4f)

1,1ss O.6SS O,26S8(47)

1.1va O.63t; e.2258(30)

1.147 O.EfiO O,2186(2B>

1,osT e.745 O.1438(21>

Q.C60S(!9)

O.0834(ee)

O,04SO(M)

O.Ot81C57)

o.ma(as)

-O,OCErr<46)

-O.053S{28)

-O,0578<14)

-O.0633<13)

-O.06Cve<OEI)

-O.erYT e.05Ee(13} O.mx(ov) 3.8 1.01

-o.o1o e.oscK)(t7) o.ceeg(e7) 4.g o.g7

-O.O13 O.0563GD O.{XITO(08> 3.8 Q.91

-O.CK)9 O,Cut35(14) O.e265(:3) 1.8 O.ee

-e.O!2 O.0555(1O) O.()251 (09) 1,g t.05

-O.ma O.0517(12) O.C2S8(10> 2.t t.oo

-e.cx)s o,o4it3(13) e,ot2ocor) 3.7 e.sB

-O.OOt O.0488(14) e,CK)6!(09) 3.6 O.78

e,CX)5 O.C635(11) e,co72{1O) 2,e 1.17

-O.ool e,Ze16(25}-O.Oln<19> 2.6 O.ss

aRenormaiization factors for the experimental cross sections to be divi ded.
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then the band mixing parameters AeK can be obtained. The band mixing parameters are

listed in Table III.

    The leas"x2 fitting of the optical potential parameters and deformation parameters

to the experimental data was carried out in the coupled-channel calculation assuming

this asymmetric rotor model. The best-fit results of the coupled-channel calculation

assuming this model are very similar to the results assuming the 7-vibrational model,
except for '920s. Therefore, we show the results of the calcuiation only for '52Sm, '7fiYb,

and i920s. The result for i58Er was reported in our previous paper.' The solid(dashed)

curves in Figs.15-17 show Åíhe best-fit results of the coupled-channel calculation

assuming the Y22+ X2 (only Y22) asymmetric deformation. Excellent fits have been
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obtained for all the states by introducing the static Y42 deformation. The best-fit optical

potential parameters, the deformation parameters, the x2/f values, and the renormaliza-

tion factors of the experimenÅíal cross sections are listed in Table IV.

V. DISCUSSION
'A. Quadrupele(}(22) and hexadecapole(Y42) transitioR streRgtks to the

     7-vibratieRal band

    In this secÅíion, we will first present the method of extracting the transition strength

 for a one-phonon vibration in a deformed nucleus from the form factors and deforrna-

 tion parameters ef the nuclear matter density. Then we will discuss the relation of the

 form factors and deformation parameters between the nuclear matter density and the
 optical potential. Finally we will app}y this methocl to the case of the 7-vibration.

1. Transition strength to one-phonon state in a deformefnucteus

    In order to compare the results of hadronically induced excitation to electromagne-

tic transition rate, we present here the expressions for the reduced transition probabili-

ties for matter mu}tipo}e similar to the electric multipole. The isoscalar multipole
operator O<IS) is defined5`'55 similar to the electromagnetic transition operator`g as

follows:

          O< IS) =: Z/AÅí r` Y,*.(S2), (35)
                     nucleons

where the scaling factor Z/A has been introduced in order that if the relative neutron to

proton contribution to the isoscalar transition operator is in the ratio N/Z, then the

isoscalar and electromagnetic transition strengths will be numerically equa}.

   Within the frarnework of the collective model the isoscalar matrix elements can be
                                         ,
written in terms of the isoscalar mass transition density54'S5 as:

B( ISA, o-..,, A,) == (z/A)2I<.x.I I X ,-i y,*,, l I ,]/,>l2 .

                       nttcleons
            (Z/A)2 fr' Yi*.pfi(r)r2drd S212 . (36)

where pfi(r) represents the Åíransition density which will be derlved below. For
collective vibrations in deformed nuclei, the nuc}ear matter surface is expanded similar

to the potential surface in Eq. (4),

          RM(9') :Re(1+ÅíBAMo YAe(2')+Åíar•.•Yx.•(S2')), (37)
                         A Xst'
where SAMe and ait•.• represent the staÅíic and dynamic deformation parameters for the

nuclear matter density. The suffix m represents the quantity associated with the nuclear

matter density. The nuclear matter density p(r, 9) is expanded in first order in terms of

 max", as:
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          p(r-R, 9') = po(rrm RBM, 9')+ Åí a,M•.•Yx.•(2')pi(rim RZ, 9'), (38)

                                    x"'

where

          R,M -- Re(1+ZB.M, X,(9')], (39)
                      A
          A(.-R,,2,)=Rif-ategZ 5f[lk-Eglli( RR se)....,. (4o)

    Then the transition density for the one-phonon vibration is given by

          ,q.,=r;,.,rp,m,.,yx.,R?2t2gZ6;:llz-Eglli( ,R,, st)....x. (4i)

where nxM•.• represents the amplitudes of Åíhe vibrations of the nuclear matter density

associated with each axM•.•. Substituting Eq. (41) in Eq. (36), we obtain the transition

sÅírength of the one-phonon vibration inadeformed nucleus as: '
                                                       '
          B(ISeg O--ÅÄ A) m <Z/A)2(f( l;,il]ff nAM•.• Yx.•)R3-gafliR yA*.r""2drd9]2. (42)

    If the nuclear matter density is spherical, then Eq. (42) can be reduced to a

well-known formula using the orthonormality of the spherical harmonics:

          B(rsA,O-.A)... :(Z/A)2(n.M,Rif)2[f-gal:YX).AÅÄ2d.]2 (43)

                       rm- (Z/A)2(nAMo Rif)2((A4+.2) < rA-' > .l2, (44)

where <rA-i>m represents the radial moment of the nuclear matter density p of
(Apt1)-th order. However, in surface vibration of deformed nuclei, Eqs. (43)-(44) are

only the leading terrris of Eq. (42), and it is necessary to ttse Eq. (42).

2. Relation between the opticalpotentiat and the matter den$ity

    We have obtained the form factors and the static and dynamic deformation
parameters of the optical potential from {he coupled-channel analysis. In order to
calculate the transition strength, it is necessary to know the relation of the form factors

and the deforrRation parameters between the optical potential and the nuclear matter

dens}ty.

    In the case of the static deformation, it is straightforward to obtain the relation.56

According to a theorem due to Satchler5', the (normalized) mu}tipole moments of the

optical poteRtial (qApt) aer equal to those of the nuclear matter density, if the optical

potentiai is given by folding the nuclear matter density with the effective interaction

which is a function only of the distance of two interacting nucleons. That is,

             - Zf U(r, 9) YA.(9)rA'2drd9                                         ZfP(r, 9) YA.(9)r"'2drd9
          gA"= fu(r, g)r2drdg "" fp(r, g)r2drdg ' (45a)
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if

          U(r, 9) =: p(r', 9')v,ff(Ir-r'l)dr'd9', (45b)
where vefKr) represents the effective two-body interaction between projectile and

target nucleons. Using Eq. (45), we obtain the relation between the optical potential and

the nuclear matter density. Note that Eq. (45b) is an approximation in actual nuclei,
beeause the effective inÅíeraction is density dependent.5ww7'36ww`'

    In the case of the vibration, the story is not so simple. It is diffcult to drlve the

strict relations of the form facÅíors and deformation parameters between the optical

potential and nuclear matter density when the nuclear surface is oscillating. Up to
now, it has been often assumed that the deforrviation Iength (x9R) of the optical potential

and nuclear matter density are equal, and that the nuelear matter density is uniform and

has a sharp edge (rm==1.2fm).5` Nevertheless, we think it is better to assume Satchler's

theoremS7 of Eq. (45) also in the case of vibrations, because EquatioR (45) includes the

detailed difference of the form factors between the optical poÅíentia} and matter density

based on the folding model, while the simple BR scaling does not refiect the difference

of the diffuseness of the surface of these two distributions. In addition, according to

Owen and SatchlerS8 serious errors may arise if an equivalent uniform clistribution is

used to compute the multipole moments of a distribution. Thus, we assume Åíhe relation

of Eq. (45) in the case of the vibration. The optical potential Uand the nuclear matter

density p are expanded in first order in terrr}s of ax., as shown in Eqs. (5)-(7) and Eqs.

(37)-(39). Substituting these equations into Eq. (45), we have obtained the first-order

expansion formula of Eq. (45) as follows:

          frpr.•Yx.•Ro aaUR YrrurA'2drd9 fnft•.iYxtiRe OoUR Yft.r"'2drd9

                 fUr2drd9 : fp,2d.dg ' (46)

where the suffix m represents the quaRtity associated with the nuclear matter density. Thus, we

obtain the re}ation of the form factors and the deformation parameÅíers between the

optical potential and nuclear matter density in the case of vibration. Then the transition

strength in Eq. (42) can be rewritten using Eq. (46) as follows:

          B(ISA,O->A) =" (Jp/Ju)2(Z/A)2(f( ;k, rpx.iYx.•)ReaaUR Yft.r"'2drd9]2, (47a)

where

          (Jp/Jv) = fp(r, 9)r2drd9/f U(r, 9)r2drd9

                =: A/fU(r, 9)r2drd9. (47b)
    Hence, we have obtained the formuia for the isoscalar transition strength for the

one-phonon vibration in deformed nuclei. This isesca}ar transition strength obtained

from inelastic hadron scattering ls closely reoated to the electromagnetic Åíransition

strength as discussed above.
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3. Y22 and Y42 transition strenghs to the 7-vibrational band

   The quadrupole(Y22) and hexadecapole(Y42) transition
vibrational band have been calculated using Eq. (47):

          B(Iseq o-) A) = (J./Ju)2(Z/A)2[f( rp,, Y22+ n42 Y42)Re aaUR

strengths to the 7-

Yft2rA"2drdg]2 , (48)

where n22 and n42 represent the amplitudes of the vibration of the optical potential

associated with the a22 and a42, respectively, which have been deiermined by the
coupled-channel analysis assuming the 7-vibrational model. We have used the real
central part of Åíhe optical potential for U in Eq. (48), because the foldiRg model of Eq.

(45b) works well for the real central potential and the main part of the transition is

generated by the real central potential. The calcu}ated transition strengths are listed in

TableV. In this table, the transition strengths in single particle units (spu) and their

ratio to the total oscillator strength of each multipolarity by the sum rule`9 are also

listed. The numbers in parentheses represent the uncertainties of each value calculated

from the uncertainties of the deformation parameters in Table Il.

    Figures l8(c)-18(d) show the quadrupole(Y22) and hexadecapole(Y,2) transition
strengths to the 7-vibrational band as a functioR of mass number. The experimental Y22

strength increases with the mass number in the 152$A$192 region. The experimental

Y42 transition strength increases with mass number in the 152EAS168 region and then

decreases with mass number in the l68SA$182 region. The Y42 transition strengths

again increase with mass number in the 182$A$192 region. The mass number
dependence of the Y42 strength can be direct}y observed also in Figs. 3-l2 by compar-

ing the solid curves for the 4' states of the 7-vibrational band with dashed curves. The

deviatioR of these two curves indicates the contribution of the Y42-mode vibration to the

7-vibration.

        Table V. The quadrupole ( Y2z) and the hexadecapole ( Y42) transition strengths

                to the 7-vibrational band obtained by the present coupled-channel
                analysis for (p, p') scattering at 65 MeV assuming the 7-vibrational

                model. These are also givin in terms of single-particle units and as a

                function of the classical sum rules.

     hatz Bus2;o-a) ww rw hw` B(rseL;e-4,)Nueleus     ("laV) (e'tb2) Bsp(Jsa} S<IS2}ctcrs (bteY) (e2bb
Egts2e w,,sc) nte4•sas4:o- )

 S(IS4)cle,s

i52sn 1,os6 {.!Ol(ew)xiO- 4.st<24)

i}lsm f.4co o.e32<as)x;o-i 3,ss{ar)

moG(i O,9S9 1.15S(5e)xlO- 4,49(19)

lesby o,7os 1,1ac(ew)xlO- 4.mo(as)

iSSEr o.7as l,294(56)xlO-i 4.7B(21)

TeeEr o.Es21 l.1ss<74)xle-T 4.3S<Z7)

i76vb 1.as1 e,EB6{ee)xlO"i 3,ar(2D

)SaW 1,221 1,46(11) xlO"' 4.7To(35)

lelv o.stxl 1.ee9(73)xlO-1 5.le(as)

l92os o.4so 2.sgog) x!Ovi s.78(ee)

1.70{09}X

1.75(14):

1.55Con)g

1.10(ov)X

1.2 3<[)5)M••

1.19(or>X

1.a7(co>s

1.91(14)S

1.59(ov)S•'

;•wa(;Dx

1•am ;.112(74}xto'2

1,662 1.199(e2>xlO-2

           .o;.149 2.42(t2} xlOL

O.916 2.es{m> xlo-2

O.9S6 3.30{26) x:o-2

O.9g5 3.9B(a2) xlo-2

1.429 1,ce(t7) xlo'2

1.as 1.221{25)NIO-2

          `e!.134 1.74<as> xlOL

          --O.910 2.33C31) xlO.

3.01(a3)

3.11(21)

5.69<29)

6.43{5S)

7.01(56)

e.ec(65)

3,6t(31)

2.C3(42}

2,82Cor>

3.sa(44)

o.{ee(oo)g

O.T72(l2)'.'

O.ax}8"1)%

O.IEE}(ce):

O,lg7(16)X

O.2SG(2D)X

O.!70(i5)X

o.eg4(ee}f

O,10S<14)X
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(a) (b) The quadrupole ( Y2o) and hexadecapole ( Y4e) moments of the deformed optical

potential obtained from the coupled-channel analysis of inelastic scattering of pola-

rized protons at 65 MeV. (c) (d) The quadrupole ( Y2i) and hexadecapole ( Y42) transi-

tion strengths to the 7-vibrational band obtained from the present Åëoupled-channel

analysis of inelestic scattering ef polarized protons at 65 MeV. (e) The quadrupole

( Y2o) and hexadecapole ( Y,o) moments of a nucleus when the valence pardcles are fil}ed

frorn x-axis to ptxcose according to Bertsch. (ReF, 59) (f) The quadrupole(Y22) and

hexadecapole(M2) transition strengths to the 7-vibrational band according to the

extension of the Bertsch's model.

    Note that there are two regions in which the amplitude of the 7-vibration becomes

Iarge, i.e. the A=:168 and A =192 regions. It is important tkat the characteristics of the

7-vibration are very different in these two regions, In the A :168 region, the B(IS4)

value is very large (7.0 spu for the '6SEr) and the B(JS2) value is not so much large (4.8

spu for i6gEr). In the Aur192 region, the B(IS4) value is rather small (3.4 spu for 'g20s)

aRd B(IS2) value is large (8.8spu for '"20s). In other words, the hexadecapole(Y42)

7-vlbration is dominant in the Anv- 168 region, while the quadrapole ( Y22) 7-vibratlon is

dominant in the A== 192 region.

B. Qualitative interpretation of the Y22 and Y42 transltion streRgths

    The overall trend of the quadrupole ( Y22) and hexadecapole ( Y42) transitioR strength

to the 7-vibrational band can be understood by expanding the polar cap modei as
described in our recent letter.9

    The polar cap model for deformed nuclei was proposed by Bertsch59 for a
qualitative interpretation for the systematics of the hexadecapole(Y4e) moments of

deforrned nuclei reported by Hendrie et al.2i At the beginning of the major shell, the
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first fouT valence partieles define a x-axis in the intrinsic frame. When filling the major

shell, addecl particles are placed in orbits as close tQ the z-axis as possible. Eventually,

the orbits are again filled to make a spherically symmetric distribution. Thus, the gAo

moment of a nucleus in which the valence particles are fi11ed from the x-axis to pt==cose

is proportional to the integral

          f.'PAe(x)dx, (49)
where PAe(x) is the Ath Legendre polynomial, and "=:cosO is the polar angle from the

symmetry axis. Figure 18(e) shows the quadrupole(Y2e) and hexadecapole(Y4G) mo-

ments as predicted by this model. This model successfully explains the trends of the

experimental values in Figs. 18(a)-18(b), which will be discussed in Sec. V C.

    We have extended this model to the case of 7-vibrations. The quadrupole ( Y22) and

hexadecapole(Y42) transition strengths to the 7-vibraional band are given by
l < 7rA YA2lO> l2, where A==2,4. When Åíhe valence particles are fi11ed from the x-axis to

pt =cose, Åíhe Fermi surface lies around yurcosS. Figure 19 shows this model schemati-

cally. The 7-vibra{ion can be interpreted as the superposition of the particle-hole states

with Krr==2" near the Fermi surface(ptÅ}A#). Then the transition strength is prop-

ortional to

          (f.lf,'.A"PA2( r)du)2 !! (2ALt)2 (PA2(pa))2, (50)

where Åíhe integration over ep has been replaced by a constant number because the
p-dependence of the Kff==2" 7-vibrational staÅíe is equal to that of YA2. Figure 18(f)

shows the prediction of the quadrupole ( Y,2) and hexadecapole ( Y42) transition strengths

according to this model.

    It is surprising Åíhat this simp}e model explains the overall trend of experimen{al

values very well, especially for the Y42 transition strength. The success in explaining

the Y22 and X2 strengths by such a simple model means that the spatial location of the
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particles occupying orbits near the Fermi surface changes gradually wlth the mass
number owing to the very stable deformation in this mass region. This model is a
simple representation of the shell-filling in the Nilsson potential for a single-j" orbit The

energy of a siRgle partiele orbit becomes larger as the oscillator quanta nx become

smaller in a singlevi orbit for a prolate deformation. This is the reason why the valence

particles are placed in orbits as close to the 2-axis as possible in the polar cap modei.

Although many singlev' orbits exist in a major shel}, the overall trend of the strengths

are successfully predicted by the polar cap model.

C. Cemparison of the Y22 and Y42 strengths with RPA calculation

    In order to undersÅíand the systematic trend of quadrupole and hexadecapole
transition strength to the 7-vibrationa} band microscopically and quantitatively, we
compare the experimental results with RPA calculaÅíions by Matsuo.eO'6i

1. RPAIifodet

    In the RPA calculation, the following Hamiltonian has been assumed.

          HRpA= HNiisson+ Hpatr+ "QQ, (51)
where llNiisson, llpair, and HQQ represent Åíhe Nilsson Hami}tonian62, the pairing
interactionfi3, and the qttadrupole-quadrupole interaction in the doubly-stretched
coordinate64 (Q)"ww Q" interaction), respectively. The strength of the pairing force was

adjusted to reproduce the experimental odd-even mass difference and the strength of

the Q"rm Q" force was adjustecl to reproduce the experimental band-kead energy of the

7-vibrational band, which is close to the self-consisÅíent va}ue given by Bohr and
Mottelson.49 Three major shells were employed for protons and neutrons as a model

space.
    In this model, the one-phonon state l 7> is writteR as

          I7t> = x'IO>Bcs

               EF IZIV(pt, v)aAa;IO>Bcs, (52)
                 "<v

where xt and IO>Bcs represents the one-phonon creation operator and the BCS ground

state, respective}y, and V(pt, y) represents the phonon amplitude. The aJaJ and pt, y

represent the two quasi-particle cyeation operator and the one partlcie orbits, respec-

tively.

    The phonon amplitude if(pt, y) in Eq. (52) has the following functional form:

          V(itt, y) oc <ptIr2 Y1221y>(uptvv-i- uvvll)/(Eu+Ev- ce7) (53)

where Ept = (ept-eF)2+A2 represents the quasi-particle energy and ce7 and up, vv

represent the excitation energy of the one-phonon state and the occupation factors,

respectively.

   The results of the RPA calculations are shown in Fig. 20 as various iines. The X2

strengths of the RPA calculation were multiplied by 3.5 in this figure. Note that there is
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a little ambiguity in the absolute values of the RPA calculation owing to the restriction

of Åíhe model space. The RPA calculation reproduces the mass number dependence of
the experimental Y22 and Y42 strengths fair}y well.

2. Gross structure of the transition strength

    The gross structure of the RPA prediction is similar to the results of the polar cap

modei, although the RPA calculaÅíion refiects the detailed sub-shell structure. In the

RPA calculation, the factor (ullvy+uyvp)/(E"+Ev"-- tu7) in Eq. (53) becomes a max-

imum near the Fermi surface and the orbiÅís near the Fermi surface change gradually

with mass number according to the Nilsson model. This means that the fo}lowing two
assumptions in the polar cap model have been jttstified microscopically: (i) The
transi{ion strength to the 7-vibratioanl bands is dominated by the moments of the orbits

near the Fermi surface. (ii) The location of the orbiÅís near the Fermi surface changes

gradually from the symmetry-axis to the equator with increasing mass number.

    The experimental Y22 strengths are well exp}aiRed by the RPA model fer
152SA$192. The experimental Y42 transition strengths increase with mass number in

the l525Afil68 region aRd then decrease with mass number in the 168$A$182
region. The RPA calculation successful}y reproduces the trend of the experimental Y42

transition strength in the l52SAS168 region, while it fails to reproduce the data for

the 168SA182 region. Since these RPA calculations are based on an axia}ly symmetric
deformation, the resultant RPA predictions could be doubtful near the i"20s region,

where the nuclei are thought to be 7-unstabie.
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3. Sub-shellstvucture effeet

    According to Bohr and Mottelson`9'65, the strengths of 7-vibrations are affected by

the sub-shell structure of the single-particle orbits in the deformecl mean potential. In

the region of i66Er, the proton sub-shell (N, nfl)=(4,1) (N Principal quantum number,

nz; oscillator quantum number along the symmetry axis) and the neutron sub-shel}
(N, n.)==(5,3) which satisfy the selection rule of the 7-phonon excitation are half-filled

and it is expected that the collectivity of the 7-vibration becomes }arge. The ex-
perimental Y22 strength has a broad local maximum near the i68Er region. The RPA
calculation successfully reproduces this trend, while the extended polar cap model do

not reprodttces this. In the extended polar cap model, we have assumed that the
number of the particles near Åíhe Fermi surface which are responsible to the 7-phonon

exci{atlon is independent ef the mass number (A# = censt. in Eq. (50)]. However, this

number changes with mass number in the actual nuclei. This effect is known as the
sub-shell structure effect`9'65 The collectiviÅíy of the 7-vibration is expected to be large

in the '6fiEr and !S`W regions, small in the i52Sm and "ZYb regions owing to the sub-shell

structure effects. Therefore, the systematic behavior of the transition strengths to the

7-vibrational band is dominated by the moments o{ the orbits near the Fermi surface

and modified a little by the sub-shell structure effects.

4. The X2 component in the 7-vibration

    The RPA calculation reproduces the trends of the Y42 strength, while it fails to

reproduce the absolute values by about a factor of three. In the coupled-channel
calculation, it is necessary to lntroduce the large Y42 vibratlon to reproduee the
experimental data. WithouÅí the X2 vibration, the calculated cross sections for the 4'

states of the 7-vibrational band are about factors of 3-IO too small for all the measured

nuclei, as shown in Figs. 3-i2.

    On the other hand, since this RPA calculaÅíion assumes only the Q"-Q" force,
only the Y2z -mode is induced in the 7-vibraÅíion. The Y42 transition strength of the RPA

calculation is insufficient Therefore, it will be necessary to introduce the Y42 -mode in

the 7-vibration to explain the experimental Y22 and Y42 transition strengths consistently.

In order to explain our experimental results for the Y42 strength to the 7-vibrational
band in 'fi8Er, Nesterenko et al.9 have also asserted the necessiÅíy of the hexadecapole-

hexadecapole force.

D. Asymmetricrotormedel
    As described in Åíhe previous paper,' the coupled-channel ca}culation assuming the

asymmetric rotor modei yields very similar results to the 7-vibra{ional model, so long as

the asymmetric deformation was not large. In the present analysis, the results of the

coupled-channel calculation in the asymme{ric rotor model are a}most eqttal to those of

the 7-vibrational model, except for '920s. For '920s, the asymmetric rotor model gives a

better fit than does Åíhe 7-vibrational model, especially for the 4; state as shown in Figs.

12 and 17. The '920s nucleus is in the 7-unstable region and a Hartree-Fock calculation

predicts a large staÅíic 7-deformation in this region.65 The facÅí that the asymmetric rotor
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model gives a better deseription of the experimental data than does the 7-vibrational

model suggests the possible static 7-deformation of this nucleus.53'65

E. Multipole memeRts ef deformed optical potential and a DDHF caleulatioR

    The (norma}ized) multipole moment of the deformed optical potential (gA") is

defined by Eq. (45a). The multipole moments of the real central part of the deformed

optica} potential (bOP) obtained by the coupled-channel analysis for our experimental

data are listed in Table VI. In this table, multipole moments obtained by three kinds of

coupled-channel analyses are presented, assuming the axially symmetric rigid rotor

model, the 7-vibrational model, and the asymmetric rotor model. The mu}tipole
moments obtained by these three methods are almost equal within the mutual uncer-
tainties as shown in Table VI. Therefore, the effect of the coupling to the 7-vibrational

band on the multipole moments of the DOP is small as long as the amplitude of the
7-vibration is small. In the case of i"20s, Åíhese statements are not appRcable, because

the amp}itude of the 7-vibration is large in this nucleus. The quadrupole and hexadeea-

pole moments of the DOP assuming the axially symmetric rigid rotor model are plotted
in Fig. 21 as closed circles.

    The overall Åírend of the quadrupole ( Y2e) and hexadecapole ( Y4e) moments can be

understood by the polar cap model eue to Bertsch5" as described in Sec. V B. In order

to investigate the systematic behavior of these multipole moments microscopically, we

compare the multipole moments of the DOP with density-dependent Hartree-
Fock(DDHF) calculations.
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Tab}e VI.

              T. ICHIHARA

The multipoie moments of the deformed optical potential by (p, p')

scattering at 65 MeV in various models.

Nucleus Synvnetric
Ypa (eb)

rigid-roter moclel"
 Yio(eb2) Vee<eb3>

7-vibrational modelb Asyrranetric rigid-retor modelC
Yee (eb) V4e (eb2) Yee <eb) V4e (eb!) Yn {eb) Yn (eb2)

lscth

IS&n

1eeGc!

l84Vy

leeEr

losEr

I7SVb

IS2W

ie4w

i92os

1.ag3{2s)

2,O{M(41)

2,ss6(a7>

2. #gT <46 ),

2.5tl{32)

2,564<3S>

2.436<32)

2,182<24)

2.0ac(ZZ)

!.509(25>

O.4es(13) O.Oes(25)

O,5e9<15) e.Og4<!4)

O.512(l9) O.062<13)

O,316(3tl} -O.eel(13>

O.252(ge) -O.Cl25(ov)

O.IS8<31) -O.ov8{!2)

-o.(r7t<x)} -o,so4(ov>

-O.201(13) -O.130

-o.eng<t2) -o.og3

-O.295<l2)

1,8ee<35> O.482(M> 1.895(ss) O.4ra(tl) O,st3(ce)

2.0!9(34) O,S80<21> 2.ov3<35) O,619(15> O.3(X)(le)

2.3gZ(54) O.510<ss) 2.3g2<51> O,S06<l7) O.so3{cr7)

2.448(43) O.351{29} 2.454(41> O.356<3r) e.37ES{09>

2.S05{3D O.2S9CX) 2,499(28) O.263(ua> O,40Kov)

2,5er7(38> O.t82<26) 2.528{40> O,t81<31> O.3S2(08)

2.444C51) -O,1os(ss) 2,452(47> -O.t" <19) e,339<09)

2.2i4{32} -O.213(as> 2.ac6(31) -O.2I6GO) O.4os(lt)

2.101<se> -O.256(21) 2.cr74<31} -e.263(09} O.444(oo>

l.4S2(ee) -O.2so<13) 1.3te<ac} -O.314(13> O,841(16)

O.1ss<03)

O,tZ4<03)

O,175(04>

O.191 (os)

O.200(os)

O.ac8<os>

e.1sc(ca}

O.110(om)

O.121 (ov}

-O.O:6(C8>

"Muitipole moments of the DOP obtained by the coupled-channel analysis {or

O"m6' members of the ground state rotational band assuming the axiaily
symmetric rigid rotor modei. (Present works for i52'iS`Sm, 'fiOGd, i6`Dy, and '9XOs.

Others are taken from Refs. 5nv6)

bMultipole moments of the DOP obtained by the coupled-channel analysis for

O'-4" members of the ground band and 2" ma4" members of the 7-band assuming

the 7-vibrationai model. (Present works)

CMultipole moments of the DOP ebtained by the coupled-channel analysis for

O' ww4' members of the ground band and 2" -4' members of the 7-band assuming

the asymmetric rotor model. (Present work)

    The DDHF caiculations were performed using the code HARFE developed by
Vautherin and Brack in the framework of Negele and Rinker.fi'-'O The calculations

assume axially symmetric nuclear distributions and use the density matrix expansion

(DME) effective Hamiitonian and the pairing approximation. The calculations were
made using a basis cofisisting oÅí 14 oscillator quanta. The DDHF calcuiaÅíions were

performed on a vector processor (FACOM VP-200), and each iteration requires about

15 sec of CPU time. The calculation was perforrr}ed for 34 nuclei in the I52SAS192
region. For each nucleus, 75 iterations were carried out to guarantee the convergence of

the results. The resuits for i5"Sm, '56Gd, iS6Er, and "6Yb are consistent with the values

reported by Negele and Rinker.67

    The quadrupole and hexadecapo}e moments of the proton, neutron, and matÅíer
distribution, ancl the root-mean-sqLiare radii of the proton, neutron, and charge distribu-

tions, and the binding energies per nucleon obtainecl from the DDHF calculations are

listed in Table VII. These multipole moments are normalized by Z, as shown in Eq.

(45a). The quadrupble and hexadecapole moments of the metter distributions are
plotted as various lines in Fig. 21 {or each isotope.

    The quadrupole momeRts of the DOP increase with mass number in the
152$A$170 region and then decrease with mass number in the 170r-{gAS192 region as
shown in Fig. 21. The DDHF calculation reproduces the quadrupole moments quantita-

tively. The hexadecapole moments of the DOP decrease wlth mass nurriber in the
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TableVII, The (normalized) multipele moments and
         root-mean-square(rms) radii of proton(p),
         neutron(n), matter(m), and charge(c) dis-
         tributions and the binding energies per
         nucleon frorn the DDHF calculations.

}{uc}evs q.% qN qbo q9e q?o q;o Re#: R:s RXs EtiIA
    (eb) (eb) (ets) (eb2) <eb2) (eb2) {fm} (fm) (fnn) (MeV)

IscSta 1.43 1.37 1.39 O.t3 O,!6 O.14 5.00 5.18 5.06 8,16
I5Ssm 2,Ol 1.95 1.97 O.42 O.46 O.44 5.06 5.24 5,lt 8,l4
iS4Gd 1.79 1.65 1.71 O.2S O.28 O.27 5.06 5.2e 5.11 8,14
i5SGd 2,e4 1.g6 2.eo O,3e O.41 o,39 s.og 5.25 5,14 8.13
i5eGd 2.16 2,11 2,13 O.39 O.44 O,42 5.li 5.29 5.16 8.12
l60Gd 2.21 2.19 2.20 O,37 O.4j O.39 5.13 5,32 5.18 8,10
l"esDy l.s6 1.7e 1.77 o.22 o.24 O.23 5.lo 5.2t 5.l5 8.10
15eDy 2.u 2.ol 2.e6 o,3t o,36 O.3# 5.I3 5,26 5.l8 8,IO
leeDy 2.2a 2.18 2.20 O,34 O.39 O.37 5,15 5.30 5.20 S.IO
la Dy 2.31 Z.26 2.28 O.33 O.37 O.35 5,l6 5.33 5,21 e.09
IecDy 2,37 2.33 2.36 O,31 e.34 e.33 5,l8 5.36 5,23 8.08
iS2Er 2.28 2.2t 2.24 O.28 e,34 e.32 5,18 5.30 5,23 B.07
ierEr 2,37 2.32 2.34 O.28 C.33 O.3I 5.20 5.34 5,25 8.07
)eSEr 2.44 2.4t 2,42 e,27 e.31 O.29 5.21 5.37 5.26 8.e7
iesEr 2,49 2.48 2.48 e.25 O.28 O.27 5.a3 5.4e 5.28 8.e6
;?eEr 2.48 2.48 2.48 O.2i O.23 e.22 5,24 5.43 5,29 7.96
iaSYb 2.52 2.48 2.50 O.26 O.31 O.29 5.25 5.38 5.30 8.ea
ITOyb 2.6o 2,s7 2.se o.25 o,28 O.27 5.26 5.41 5.31 8.04
I72yb 2.ss 2.ss 2.56 O,20 O.22 O.21 5.27 5.44 5.32 8.03
INYb 2.52 2.Sl 2.51 O,!3 O.14 O,14 5,28 S.46 5.33 8.02
IT6Yb 2.44 2.43 2,43 O.070 O,062 O.065 5.29 5.48 5.33 8.00
172}lf 2.7fi 2.7o 2.72 o,31 o.33 o.32 s.3o 5.42 5.35 8.0e
t74lif 2.73 2.6s 2.7e O.25 O.a6 O.26 5.31 5.45 5.36 8.00
t7SHf 2.55 2.55 2.55 O,l6 O.16 O,16 5.3t 5.47 5.36 8,eO
l7SHf 2.36 2.39 2.38 O.062 O.057 O,059 5.31 5.48 5.56 7.99
iee}{f 2.26 2,28 2.27 -O.054 -O.032 -O,e4e S.32 5.51 5.37 7.g8
Ier)w 2.3o 2.27 2.2s o.o7g O,060 O.e67 5.33 s,4s 5.38 7,79
meV 2,16 2,23 2.20 -O.079 -O.036 -O.OS3 5.34 5.50 5.39 7.96
MV 2.05 2.l2 2.10 -•O.079 --O.12 -e.lg5 5.34 5,53 5.39 7.95
lasV 1,95 1,97 1.96 -•e.13 -e.18 -O,16 5.34 5,55 5.40 8,86
moOs 1.g6 2,Oe 2.04 -O.10 --e.IA -O.l2 5.36 5,52 5.41 7.92
lgeOs 1,81 1.92 i,S8 -O.16 -e.2e -O.l8 5,37 5.54 5.41 7.92
1coOs 1.63 1.71 1,68 -O.l7 -O,2i -O.20 5.37 5.56 5.42 7.91
1eeOs 1.42 1.46 t.44 -•O.l7 --O.20 -O.l9 5.37 5.57 5.42 7,90

i54SAfi 192 region. The DDHF caiculation explains the overall trend of the hexadeca-

pole moments. However, there are quantitative discrepancies in the hexadecapole
moments between the DeP and DDHF calcu}ation. Similar discrepancies were also
obtained`6 in describing the transitions to 4" and 6" states in electron scattering. These

discrepancies may indicate the limit of this approximation.

F. Comparisen with other measurements and density-dependenee of the effective
    interaction

    Let us now compare our experimental results with tkose obtained from the other

experiments, especially Coulomb excitation and electren scattering. The multipole
moments of the deformed optical potentials (DOP) obtained from the inelastic scatÅíer-

ing of 65-MeV polarized protons and from other experiments are Iisted in Table VIII.

The transition strengths to the 7-vibratioanl band obtained from the present experiment

and from other experiments are listed in TableIX. Since the uncertainties of Y4e
moments obtained by Coulomb excitation are tQo iarge and no data have been available

for the Y4a strength by Coulomb excitation or electron scattering, we compare only our

experimental results of Y2o moments and Y22 strengths with corresponding electro-

magnetic values. The Y2e moments and Y22 strengths ob{ained from the present
experiment are plotted in FIg. 22 as closed circles and those obtained form the Coulomb

excitation and the electron scattering are plotted as poen circles."m9`
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Table VIII. The multipole moments of
optical potentials obtained
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Hucleus ne2
<NeV)

tiBSStyiiZsll:x2-(iS(2.bO)2) ewB(ES.O,.il)
Ref.

:::

dGco

yDca

[::

ils'

l.e86

t.440

O,989

e.768

O,786

O.821

1,261

1,e21

e.ge3

O.480

i.10S<57)xlO'1

O.B32(65>x!o'i

1.I5S{50)x1o'1

1.120C67}xlo-I

1.294{56)x1o"i

1.199(74)x1e-i

O,986{63)x1O'i

t,46(ll) MIO")

1,609(73)M1O'l

2.89(T9> x!o'l

O,OSK6) xlO'I
o.egz(s> xle'I

O.069(ic)x:o't
O.059(g) xlo-l
e.066"s)xfo"l

e.e88(4) x1o-T
e.lel(3) xlo-i
O.I04(4} .lo-1

O,l!4<6> xle'l
O,l22<:f. )xlO-l
o.lal(s) xlo'I

O.14gcs) xto"l
O.l4e{6) xlo'I

O,;3:{e> xlo-l
O,130<5} MIO'I

O.05o(4) xle'1

O.124(6) xlo'i

O,!38<6) xlo'i

O.189 {32}.ylo'i a
O.215"9>xlO'I
e,196(12)xlg-1

ll

Table IX, The quadrupole <Y22) transition
strengths to the 2' member of the
7-vibrational band obtained from the

present (p, p') experiments IB(IS2)]

and from Coulomb excitation [B(E2)].

aThis value is obtained from e}ectron scattering.
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l. Quadrupote ( Y2e) moment

    The quadrupole momeRts of the DOP are 4-6e/o larger than those of the charge
distributions for a}l the measured nuclei except for '5`Sm as shown in Fig. 22. In the

previous papers,5-' we have shown that the quadrupole morRents of the DOP shoud be

4-60/e Iarger than those of the nuc}ear matter densities, if we assume the density
dependeRce of the effective interactions.36-`' The quadrupole moments of the proton

and neutron distributions predicted by the DDHF calculation are almost equal (within

the 20f6 for tke rr.easured nuc}ei) as shown in Table VII. Therefore, the systematic

difference (4-60/o) of the quadrupole moments between the DOP at 65 MeV and charge

distributions for almost all the measured nuclei is thought to be maiRly due to the
density dependence of the effective interaction.3ww5'36-`' In '5`Sm, the quadrupole mo-

ment of the neutron distribution is 3e/o sma}ler than that of the proton distribution

accorcling to Åíhe DDHF calculation. Therefore it could be possible that the exceptional

small difference of the quadrupole rnoments of the DOP and ckarge distributions in
'5` Sm is due to Åíhe differenÅí quadrupole deformations of protons and neutrons in this

nucleus. In 232Th and 238U, the quadrupole moments of the DOP are only 1-20/o larger

than those of charge distributions.7 This phenomenon could be explained by taking

account of the Coulomb energy correction in the folding model together with the
density dependece of the effective interaction.V The effect of the density dependence of

the effective interaction has been also discussed in 134-MeV (p,p') scattering by
Ronningen et al.'O aRd Lay et al.ii This effect is negligible at 800-MeV (p, p') scattering

where the impulse approximation works well for the imaginary part of the optical
potential, as discussed by Barlett et aL'2

    For almost all the nuclei for which we have measuyed inelastic proton scattering at

65 MeV, the difference between the quaclrupole mornent of the DOP and the charge
quadrupole moment is explained quantitatively by Åíhe density dependence of the
effective interaction. However, for the hexadeeapole and hexacontatetrapo}e moments,
theye remain quantitative eiscrepancies if only density dependence is considered.3-5 It is

desired to invesÅíigate these theoretically in the view point of nuclear structure.

2. Quadrmpote (Y22) transitienstrength

    The Y22 strengths obtained from the present experiment are generally le-200/e
largeT than those obtained from the Coulomb excitation, as shown in Fig. 22. If the

transition matrix elements for protons and neutrons are equal and we assume the
relation in Eq. (46), these transition strengths should be equal. The effect of the density

dependence of the effective interaction is estimated by subsÅíituting the potential U,

which has been obtained from Eq. (45b) assurning the density dependent effective
interaction, into Eq. (47). This effect increases the Y22 transition strength by about 10-

i20/o in comparison with the density independent case. Therefore the gross featvures of

the systematlc difference of the Y22 strength between the present measurements and
Coulomb excitation are also dtte to the density dependence of the effective interaction.

The detailed difference for each nucleus may reflect the differences of the proton and

neutron transition matrix e}ements themselves.
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vg. svMMARyANDceNcwsgeNs
    We have carried out a systemaÅíic investigation of the inelastic scattering of

polarized protons at 65MeV, exciting the 2" and 4' members of the Krr =2' 7-
vibrational band in 152'l54Sm, IGeGd, 'fi4Dy, 16a,'68Er, '7GYb, iS2t'S4W, and l92os.

    Two kinds of coupled-channe} analyses have been performed assuming the 7-
vibrational mode} and the asymrRetric rotor model. Excellent fits have been obtained
for all Åíhe states by introducing both quadrupole ( Y22) and hexadecapole ( Y42) compo-

RenÅís in the 7-motion. The difference between the coupled-channel calculations
assuming the 7-vibrational model and the asymmetyic yotor model is very small except
for i920s. The asymmetric rotor model gives slightly better descriptions than the
7-vibrational model for '920s, especially for the 4' states. This suggests the possible

staic 7-deformaÅíion of '920s.

    The quadrupole(Y22) and hexadecapole(Y42) transition strengths to the 7-
vibrational band have been extracted from the optical potential parameters and the
deformation parameters. They show a strong mass number dependence. This systema-
tic behavior can be understood qualitatively by extending the polar cap model together
with the systematics of the quadrupole ( Y2o) and hexadecapole ( Y4e) moments.

    The Y22 and Y42 transition strengths to the 7-vibrational band have been compared

with the prediction of an RPA calcu}atioR assuming the paring plus quadrupole-
quadrupole interaction. The overall trends of the Y2z and Y42 transition strengths to the

7-vibrational band have been well reproduced by the RPA calculation. However, for
the X2 transition strength, the RPA calculation fails to reproduce the absolute values

about by about a factor o{ three. In the coupled-chanRel calculation, it has been
necessary to introduce large Y42 componeRts to reproduce the exerimental data for the

4' state of Åíhe 7-band. This indicates the neeessity of the Y42 vibration of the potential,

i.e. a Y42-mode in the 7-vibration, to reproduce the experimental Y42 transitioR strength.

    The quadrupole(Y2e) and hexadecapole(Y4o) moments of the deformed optical
potentials (DOP) have compared with the prediction of a density-dependent Hartree-
Fock (DDHF) calculation using the density matrix expansion effective Hamiltonian in

the framework of Negele and Rlnker. The DDHF calculation reproduces the quadru-
pole moment of DOP very well, but it reproduces only the overall trend of Åíhe
hexadecapole moments.
    The quadrupole moments of the DOP are 4-6e/o larger than those obtalned by
Coulomb excitation for almost all the measured nuclei. This systematic difference can

be understood by the density-dependence of the effective interaction assuming the
equal quadrupole inornents for protoR and neutron distributions. Similar trends.are also

observed in the Y22 transition strength.

    The present work has revealed the importance of the hexadecapole ( Y42) degree of

freedom in the collective 7-motion over the whole range of deformed nuclei for the first

time.
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APPEN9IX A: Octupele-vibrational states

    A strong enhancement for excitation of the 1-, 3nv, and 5- states has been obserbed

in some deformed nuciei by (p, p') scattering at 65 MeV in this experiment. Typical
spectra for these states are shown in Fig. 1 for '52Sm case. In Åíhis appendix, we analyze

these staÅíes for i52Sm and 'SOGd. These lr, 3-, and 5M states are thought to be the

members of the Krrure- octupole-vibrational band."3 Augular distributions of the
experimental cross sections aRd analysing powers are shown in Figs. 23-24.

    Coupled-channel analyses'3 for the 1", 3-, and 5' states of the octupole-vibrational

band and the O', 2", and 4" states of the ground state rotational band have been
performed using the modified version of the code ECIS79 as described in Sec III. We
took into account only the octupole ( Y3e) vibration for the Krr=e- octupole-vibrationa}

states. In this model, the potential surface is expanded using Eq. (4) as:

R(S2') : Ro(l+ Z] ,8Ae YAe(9')+a3el Y3e(Sl}')+xYie(9')l] ,

            A= Z,4,6
(Al)
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where a3o is a collective coordinaÅíe corresponding to the octupole(Y3o) vibration, and

the term xYio has been introduced in order to remove the spurious center-of-mass
motion due to Åíhe Y3o vibration in deformed nuciei. The constant k has been determined

using the following equation:

f U(r, 9') Yio (9')r3d rd9' =O. (A2)
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        Kn= o"

The form factors in the coupled-channel calculation assuming the potential surface in

Eq. (Al) are describecl in Sec. III. The coupling scheme is presented in Fig. 25.

    So}id curves in Figs. 23-24 show the best-fit results of the coupled-channel
calculaÅíioR assuming this octupole-vibrational model with the correction terms to
remove the center-of-mass motion. Excellent fits have been obtained for all the states.

In fitting the 5- states it is not necessary to introduce the Yse-vibration, contrary to the

case of the 7-vibrational states, which require the Y42-vibration in addition to the

Y22-vibration. The best-fit optical potential parameters, the deformation parameters, Åíhe

x2/f va}ues, and the renormalization factors of the experimental cross sections are

Iisted in TableAl. Dashed curves in Figs. 23-24 show the best-fit results of the
coupled-channe} calcu}ation without the correction term for the cenÅíer-of-mass moÅíion.

Large unnatural oscil}atioits in the cross sectioRs and analysing poweres for the 1-

            oostates in the 10 -25 region are obtained without the correction term; these features are

initiated by the spurious center-of-mass motion.

     Table AI. The optical potential parameters and deformation parameters in the octupole-

              vibrational mode} as obtained by present coupled channel ana}ysis assuming
              the octupole-vibrational model.

Nucleus Va rR aR V" rvts avts ifs rvt avs Vle rts ats
    ("Iev> (fm) {fm) (iVev) Cfm) {fm) (MeV> (fm) <Sm) {MeY) Um) <fm}

fiee 5io aee nse flf M)

ISa&n 3s.es 1.22e

ICOGd 38.53 1,221

O.7#4

O,71B

7,CYT 1.f05 O.T5e 6.60 1.am e,631

1O.35 e.gTg O.88S 7.ea 1,ee2 O.658

5.58 1,

5.46 1.

t&l O.ee7 O,am<41}

1ss O.632 e.M45(ss}

e.os16(22)-O.coT O.(M8(13) 7.41,oo

O,ort96{25) -O.e13 e.e590(t2) 5.3 0.91

"Renormalization factors for the experimentai cross sections to be divided.

    Tke success in reproducing the cross sections and analyzing powers for these
octupole-vibrational states indicates that the very simple expansion of the potential

surface in Eq. (Al) according to the Bohr-Mottelson picture is a very proper approxima-

tion for describing the transition to the octupo}e vibrational states. The systematics

behavior of the transition strengths to the octupole-vibratlonal states remains as an

interesting problem to be explored.
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A]PPENDIX B:Numerlcal values of the measureddifferential cross sectioRs and
the anal    .yzmgpeweres
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              e4.31610.2e9 xlO'-
4,t36Å}o.3go xto'2
8.622=+ o.3os x1o'2
7,505Å}o.26e x1o'2
5,59tÅ}o.222 xlo'a
3.44910,164 xlo'2
2.115ae.14s xto'2
2.02no.fal xlo'2
2.478je.ts2 glo'2
2,3A3io.t4s x1o'2
2.462sO.t2s xlo'2
z.tosj.o.tt7 xte':
1.4S9jo.2se x1o'2
g.712)o.ss3 xte-3
a.422so.76s x1o'3
7.814Å}O,775 xtO':
5.278to,626 xlo'3
7.5e6io,73s xlo'3
e.216.IO,798 xtO'S

-o.logÅ}o
-o,o74Å}e
-O.OllÅ}O
-o."eÅ}o
-o,ogaÅ}o
-O.217Å}e
-o.2sote
 O,204Å}O
 O,•52?Å}O
 e,522Å}e
 O,37$Å}O
 O.I94Å}O
-O,057Å}O
-O.053Å}O
 o.a26io
 O.738Å}O
 O.84910
 o.g"Å}o
 O.64"tO
 O.555Å}O
 O.395Å}e
 O.t98tO
 O.433Å}O
 O.916Å}O
 l.eloÅ}o
 o.geiÅ}o

ilii

ISasm 1' (Ex t O.963 t{eV) 151sm 3' {Ex u 1,O"1 MeV)

Angie
(e. )

Cross .seetion
  <ltTt)lsl,)

Analyzing
   (Ag)

pover Angle
(e.- )

CrosG seetien
  (zablsr)

Analyaing
   {Av )

povef

ili.Iiiiliil iii. .2ggs.e,o7g x1o':
,4eB2.o,os4 xto-l
.esfL-o,oss nfo'I
.775i,o,osl Hte'I
.939Å}O.o6g xlo'l
.t15to,o7e N}e'l
.373Å}•o.orst xle"
.?92tO.063 xlo-I
.166.t O.e4B x1O-
,913iO.372 MiO':
,ose:{o.o34 Rlo'1
.3e3j,e.o3s xlo'1
.55g!o.o3g Elo'1
.450se.o3B xlo'1
,l63.le,034 gtO'1
,946.:e.26s xle'2
.866fO,2Z9 xtO':
.e27,1 o,i6z xto':'
,2A2.IO,t93 xfe':'
.533,o,2ts Nao'2
.023.i o.2tg xso'2
.730M,200 x1O':
.9elso,teG x1o'2
.225iO,l22 Hlo•2
.646.1 e, Ie8 xlO':
.72rtjo.tlo xlo'r

-o,zo7Å}o.eae
-e,349thO.e39
-O,A24Å}O.e33
-o,3e4Å}o.e34
-O,136Å}O.042
 o.s73Å}e.o42
 o.o66Å}e.o3s
-O.067Å}O,040
-O.069Å}O.048
 O.272Å}O,043
 O.726tD,032
 e.7s6so.o2s
 O,568Å}O.026
 o,rJoli,o.oa8
 O.28Sf,O,033
 o,o3e,+,o.o"
 o,2s3Å}o.oeo3
 O,596S,O.045
 o,g7aLto.oerJ
 O,92BÅ}O.024
 o.ssoÅ}•o,ez6
 O.686Å}O.032
 D.5t2Å}.O.04n
 O.2t6Å}O,060
 O,i2t =I O.073
 O.413Å}O,OS8

U.t8
tS.18
tS.l8
20,19
22,i9
24.20
28,21
32,23
3A.24
36.2ro
38.26
4e.26
42.27
44.28
46.29
48.30
50.31
52,31
S4,32
56.33
58.33
6e,34
62.3a
64.35
66.35
6a.36
pto.36

6.321Å}O,036 xlOO
6.7S6tO,038 xiOO
6.699,1.0,037 xteO
5.B64Å}e.035 xleO
4,3e4Å}O.029 K1eO
2.812f.O.023 NIOO
S.71BÅ}O,f36 xlO'1
t.151Å}O.e:6 MIOe
t.34T,Å},O.O:7 xloO
I.27tÅ}o.oss xloe
1.t26.IO,O!2 xlO"
6.501s•O.os4 y.lo•1
4,16".o.o6s xtol
2.877s.O,059 xte'I
2.99a.Lo.o61 xto'l
3.104,}O.o61 !to-I
3.l92.{ e,o61 xto'l
2.772JG.es6 xlo'l
2.egs.I o.o4o xlo:
l.386.IO,033 xlO'1
t.oofoje,o2g x1D'1
8.d69.IO.270 xlO':
7.673lO.2SO xIO':
7.683./, O,257 Nlo'2
'r,42'n o,248 x1O':
             .o6.ll8FO.2]5 xle-
4.42?.to,las xle'2

ii

i
O07Å}O.OOT
e21Å}o.oo?
035Å}O,O07
074Å}O,O07
os7Å}o,ooe
f0310.010
3itÅ}e.Ol8
a64!O.el5
323Å}O.O14
229lO.el4
lltle.e12
Oi2t.O.Ol5
142Å}O,Ot9
447Å}O,022
668Å}O,020
723tO.O19
6e6the,O19
4941.0.021
4t910,021
2761e.026
Gg7to.o3o
524 ,+.O. e32

704Å}O.030
775Å}•O.028
804Å}O,027
768 L+ O,03I
74gj,O,036
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S2sm 5' (Ex = 1,220 MeV) IS4sem O' eiastie

Angle
{e., }

Cross seetlen
  {mb/sr)

Analy:.ing
   {Ay )

pover - Angle
  <e. )

Cross
  Cmh

 section
,' s'r)

Ana!yzing
   <Av )

po"er

S4.18
16,18
18.18
20,19
22.19
24.20
2S.21
30.22
34.2a
36.Z5
38.26
40.27
42.27
44.28
46,29
4S.30
50.31
52.3!
54.32
56,33
58.33
60.34
62.35
64.35
66.35
68.36
70.36

8.583jo.5ez sfo'2
t,l89sO.057 s.le'i
1,637fo.o6t ylo'1
2.14S.Fe.o6g xlo'd
2.5e5.to,ox xlo'1
2.700a,o,o72 xlo'I
2.a2otho,o6g xlo'l
l,7d3lO.058 xlO'Å}
1.242.vo.lel xlo'1
a,1311.o.oA4 xlo'1
1,3d7,{.o.D42 xlo'1
1 .442.{ O.038 siO'1
1.222!O,034 ,tlO'{
9.giSlo.312 xlo'2
7.2otso.26a xse'2
4.eOljo.21s slo'2
4,865jo.216 xlo'2
5.25B.EO.228 x1O-2
6.26lJO.207 x1D':
6.0:OjO.t97 slO':
5.373.} o.Iss xlo'2
4,332+O.17t xao'2
2,8571.0.142 MIO-2
2,345Å}e.12g xlo'2
Z.652sG.134 xlO':
2.657.tO.13e xlO':
2.905io,t4o xto'2

O.294Å}O.068
O.079Å}O.05S
O,237Å}e.044
O.I97S,O.038
e.2a6Å}o,e33
O.153,eO.031
O.148ie.e34
O.185th•e,038
o.sgg.Å}o,o7s
o.62sÅ}o,o4e
O.583Å}O.032
O.413.tD.029
O.330•EO.e31
e.217te.036
e.27os•e,e-
O,40tÅ}O,050
o.62e.t,o,oa4
O.773s.O.039
o.es3•Å}o.o32
O.630Å}O.032
e.512Å}e.e37
O,546 Å}. O.041
O.3552,e,054
O,5SO,LO,OS7
O.744Å}O.044
O.862Å}O,041
O.7B3Å}O,041

ilii 7.49tl.O.O17
4.3TaiO.O14
2.519.jO.OOB
l.17o ,f o,eo7
5.365.lO.038
2.i7'rso,o23
!.6g4so,els
2,447 Å}. O.026
3.573].O.e25
a,572.j.O.021
5,l4diO,025
s.33aio.ezo
4,gso.Io.e2o
4,221 ,i O.O18
3.3Sl.FO.021
2.475.EO,O14
l.6]4iO.O13
9.643.IO.llO
7,552{O.020
4.884.lO.070
1,s7oio.gos
l.247EO.O05
f.go7!o,eio
2,775,O,O14
3.792iO.O14
4.744,O.Ol4
4.208jO.Oil
3.876.tD.O12
2,81210.007
1,432iO.O05
5.948.lO,03e
3,S94lO.023
4,319,O.033
5.U99.IO.04t
6,26410.04I
5.252}O,03!
3.SG/tit• O.024
2,o2s/e.els
1,!32 ., O.O1e
8.t06.iO.07O
a,sn .I o. o'l ro

g.e37+e.os6
9.667,e.086

lii

li .o6'r j, o.eo3
.t24 Å}. e,ee4
.I98,!.e.OC4
.2a6l,•o.eeg
.4o4Å}.o,eeg
.306Å}e,O13
.269Å}O.OM
.522,tO,O14
."es.o,oeg
.353S•O,O07
.27gso.ee7
.214dO.Oe5
.lanso,gos
.e72,.+,o.oos
.eo2.+.o,oo7
.089lO.O07
.l98iO,OIO
.331-Å}O,O14
.419.f.O.O04
.5:7,l,O,O17
.655,l•O.O07
.300Å}O.O05
.gsD.}o.ooe
.890.i•O.O07
,732Å}O.O05
,513Å}O,O04
,335,LO,O03
,291i•O.O03
,i46IO.O03
,077,+.O,O03
,230Å}O.O06
, 388 •,F O , OOB

.969.,E.O.O09
,907Å}.O.O07
.789,sO.OOT
,636,tO.O07
.45ij.O,O07
,2sw,o.ooe
.158,LO.OIO
,4og),e.oog
,sosle.ooT
.g75 !. G.e07
.969,l,e.Oe7

:YSm 2' (Ex = o.082 l-SeV} IYsm 4' <Ex za e.267 HeV)

Angle
(e,. >

Cross sectSen
  (tsdij.g.ts•r>

Ana}yzing
   (Av )

pover Angle
(e. )

Cross section
  (Inb!.sv)

Analy:ing
   {Av }

pover

1.077te.o2s ,,to2
g.s2oto.ise atol
8.2esÅ}o.t44 !Iol
6.125,LO.116 •.tOt
4.323go,ttt .,:ol
2.7671o.o71 vlel
1.50eto.o4s giol
7.67gÅ}O.435 slOe
5,t73Se,310 ..IOe
6.464.E O.350 •lOe
i.030jO,039 .IOt
1.634.iO,057 .lol
2.l61aO.o47 ]:ol
2.6S2+O.054 k1O;
2,e4eiO,o6j xlDl
2,695}o.eog xiol
2.6geio.osl xlol
2.l98fO.ee8 •tlOl
a.f"Fe.eee ytoi
l.234,O.O04 •toL
8.:88iO.048 w1OO
5.156iO.029 v1OO
2,524tO.027 u1OO
3.942lO.033 •,1OO
4.482,O.OaA •-tOO
6,549,e.e39 titOe
7.796,O,039 •!Oe
S.976,O,035 vlOO
4.e3l]o.o2? •:oO
2,674.•O 020 {1OO
1,sooJo.eI6 .1oe
1,439-,Q17 ,10"
1,S6I.F O,ei8 .10e
2,tg3.,e e2o .•1oe
2.!26,e,O17 xlOe
l.7ys,o.o14 -tee
l.153,[).O09 •.;eO
7.I2?,o.064 ••lo-l
S.24e,o.os7 ,,lo'l
5,15eio.ess .1o-l

iilllo .OOOÅ}•O.028
.O07XO.020
.064Å}O.021
.064Å}e,023
.2llÅ}e,031
.29eÅ}O.032
.299.I,e.037
.23010.07]
,l26.i,O.073
,579Å}e,G66
.646.+,O.047
.455Å}O.042
.353.,.O,027
.275SO,026
.224Å}•O.027
.231•so,ooa
.l65SO.e23
.082Å}O.O04
,031•S.O.O03
.ls2,to.eoa
.253•t•e.eeT
.2stÅ}o.eo7
.369Se,ell
.se3to,ole
.881-Å}O.Oll
,714i•O.ee7
,s34se.oo6
,3G8Å}O.O06
,I79 Ll e.O07
.025SO.O09
.!58 th. O,OI2
.67a•s.o.oH
,goo t. o,oeg
.848tO.OIO
.7531.e.O08
,626 ;} o.ees
.4SSÅ}O.O08
.32?L,,e.O1O
.ao2•j.o.o"
.659Å}.,.O.OIO

IL 3.77ei.O.2S6
4.340.t.O.29I
5.2Z91.0.354
5.750j.O,277
5.624,{e.ae8
s.H2go.l7z
4,8111. 0,t46
3.633•{.O.167
3.464.iO,209
2.270.i O,132
1.342•1 0.l25
6.766.i O.t3g
7.806.i O.t20
;.267I.O.O13
t.soe:• o,ols
l.626,FO,O13
t.64i ,F O.O:4
t.325.FO.O:3
t,202.Ee,O17
8,370,e.105
4.692,e.080
3,so2 ,• o.o6e
4.Al8.iO.e7n
5.554,iO.e84
ff.065iG.086
5. 28,J .{ O, 07g
3.814.ie.062
2,30I.ie.049
1.702,e.039
i,732i[}.OS6
2.06I.,e.032
a.326.i,e,03S
2,I45,O.031
1.7SG.,e.028

llli li ,oewÅ}e.
,063Å}O.
.053Å}O,
.e2eÅ}o,
.043Å}O,
,021iO.
.099S•O.
.oesÅ}o.
,122Å}O.
,l85 =I O,

,o2eso,
.433 =I O.

.5S8.tO,

.642•iO.
,se3Å}o.
.509i.O,
. 350 •.+ O ,

.2"Å}e.

.f47Å}e,
,e6g,to.
.055•"le.
.484Å}O.
.7A8tO,
.763Å}O,
.657Å}e,
.527ie.
.365se.
.242,s.O.
.317Å}O.
.581Å}O,
,79?Å}G.
,808Å}O.
,785Å}O.
.733Å}O.

i•io
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S" sm 6' (Ex = O.544 MeV) ISIsnl 2; (Ex 1,4aje l•k,V}

Angle
(e. )

Cross section
  (ndblsr}

Analyzing pewer
   (,av )

Angle
(e.. }

Cro3s, .sE,cti.ota
  {i,Å}tsfsr>

AnaJy?.ing
   (Av)

pover

iili3ii,ii 1.B91Å}O.050 xiO'\
l.697Å}O,042 ptto-I
2.la4ke.e59 k-IO'I
2,240Å}o,o44 vte'I
2.68tÅ}o.os2 x•lo'l
2,576te.o52 g, so'i
2.696•"o,o6g xlo'l
2.226so,oae rdo'1
1.875•-O.044 t.lo-1
t.3S5tO,038 v1O-
g.26eth.o,3ou itlo':
rr.994tO.284 11D'Z
6.S05Å}O,258 XIO':
6.e23l-O.266 XTO'e
7.847kO.256 xlO-E
s.ee?+o,2ss x1o'Z
7.221Å}O.23I klO'tt
             ."5.a50ke.181 vlOL
3.73#Å}O.t2G K1o-2
2.550t-D.og'i uto'2
2.377ito,og3 xto'2
2,820=••O.tO1 xlO'X

O.l92j.O.03G
O.482Å}O.027
e.s2s•ie.o3o
o.ssgte.o2o
O,495S•O,021
e,42o!.o.o21
O,393,LO,028
O,358!O,024
O,23".e,e26
O,142GO,031
O,2t8 i, O.037
O.463lD.03B
O,6?IÅ}O,037
o.7oet.o.o37
O,8t8SiO.028
O,672 !. O.030
O.600s.O,032
O.455,l•O.035
o.4nÅ}o,o34
O.233.l,O,042
e.469S•O.042
e.72e,+.o.o33

il 454Å}o.olr" xsoO
55e-ie o?"1 vloe
484te.o21 xleO
314:o,o2o xloe
089tO.Ol'i yIoO
897-e.]3b -yle'l
184t. e.IOI VIe-
668r/ o,os3 klo'I
137kG.092 klO-l
5e5:o.Io6 xlo'I
2I5te.279 betO-
276tO.Il9 )1o-L
469-e.Oel >to't
69StO.105 1"lo-L
OOItO.06I XIO'1
59'lto.ose v1o'1
5g5+o.oao yio'1
851Å}o,o6n pt:o'l
027+e.oGd xlo'1
773.0.060 k1o-1
5eo.o.os4 ,x;o'1
o4eÅ}o 423 Mo-a
dg'14e.349 XIO'Z
147gO.293 xlo'2
188-O.317 trlo-2
09t}iC} 320 ]10':
ro3'i+o.31z xIo'1
3ao=o.22o xlo'2
5Z4Lo.Igs : le'2
lot)th o.I4g. xlo':
379•.v.I2G x{o'2

ii

096Å}O,Ot2
O1410.0tS
o14,l..o,ote
Ol1}.O.OiT
o7rJ.;o,ol7
ogrolo.o22
o2a.lo.o2s
1S4lO.037
427 S. O.038
3a51.0.031
l74iO.060
}ee)o,o27
oes.Ee.o24
069.{G.G34
ose+.o.o3ri
254 I. e.e44
534 1. e.Ok9
rJsz .+. o . o46

426f.O.041
37A]O.043
249iO.044
22t•T.O.055
301sO.056•
601 ,+ O.07G
a84.l.O.087'
910s.O.078
847 !• O.069
720s.O,057
679,l.O.060
590lO.065
364.l.O,067

leoGd o' elaGtie

rjsra 4; {Ex - 1,662 MeV)

Angle
(e.. )

Cress sectien
  (mblsb)

Analy:ing
   (Av >

pover

Angle
(e.. )

Cro,ss tleetiol}
  {#lt)fS'tr)

Anaiy7.ing pover
   (Av >

1.3e3te.o'r2 xfe'I
1.365te.e71 .vto'l
1.579Å}O.070 SIO'I
1.st6to.o7o xte"
1,819Å}e.o6s eto'I
t.752+e.o6] Mte't
t.376tO.052 kto-I
9,642-e.4?.g f'to'2
5,4OStO.32S XlO':'
4.I4et.o.3s6 .K;e'2
rJ.sseÅ}o.3os xfo't
8.069Å}. [),3s1 xfo-2
8.4Ses "• o.q4e klo'2
             .-e.sa6to.3o6 kioin
4.f34to.2s7 vlo'2
2.?1[,+O.195 XfO':
!.S20=O.16s xto-2
t.88s+o.16'r fito'2
P..I5g-I' e.1s2 x{o'2
2.t86tO.185 xlG':
2,545':e,16s ptlo't
t,95i t• O.144 y.tO':
1.o7eto.1oe ptto':
e.5064O.78g kfo-1
8.069. ,O.6Bo ),to-I
7.S37kO.607 KtO'1
S,5e[')-o.6s2 x.!o'3
g.96s)-o.666 xto-1

-O.t39te.05B
-o.t3ai..e,osa
-o.e7s1o,oso
-O.08B1O,044
-o,te3,Lo,o41
-O,1t2i•e.039
-o,14ose,o4z
-O.2331O.051
-O.03llO.067
 O.2H i,O.093
 O,69Ej.O,052
 O,522].O.04B
 O.233,lO,058
 o.e66 i, o.os2
 O.I921O.068
-o.ogB1.e.oso
 o.Ien.l.o.ogg
 o.G'iolg,os1
 o.s27]'.o.e64
 O,836iO.072
 O.635 ,t e.e62
 O.6t9je,071
 O,t4tSO.I05
-O.ti5,te.132
 O,463f,O.081
 O.568.1O.072
 o.sat,!e,o6o
 o.7sej.e,os7

igliiillilli ll .216Å}O,O04 vlOi
.686Å}o.o23 x1o3
,632Å}o,ol7 xlo3
,q92Å}o.oli noS
.Z39Å}. o.oos xlol
,l95Å}o.o24 vloe
,50gÅ}o.ols Kle2
,l53-FO.O15 ptIOe
,085.tO.ol3 x' to2
,lgl-mto.o21 x.lo2
.236:. o,eT7 xte2
,744tto.O17 yto2
,663sO.ol4 xtb2
.157Å}e,ol3 ylo2
,303--e.Ol2 )16a
.2o4-.-o.e!s .u.tQ!
.252t-O.OlO pt lOtt
.396Å}O.O03 v1o2
         •ft 1 ti1.7684e.023
.68Z;O,Ot6 tsIoi
.655io oog xlol
,U?.4-O,oo7 xfol'
.644go.olo xfol
,729"e.ols xlel
.7H:• C}.G17 xlOt
,sgg-e.els pttot
,l75tho.e13 xtO[
,t13eo.oos xlol
,42ttC}.OOV MtOt
.149Lo.oe4 wtol
.31TÅ}<).023 >,iOe
.6094•{].Ol8 x1OO
.4l7.:t').034 71Oe
.65340.0?9 YIOe
,22it.O 03B ptIOO
,e4n#o.o2t x;oO
,sgp:•4j.o2s xloO
,58'nrmee oog .wloO
,275Xv.082 xto-I
,293te}.os3 xto'E
,513te.091 xlO-f
,o12Å}e.olo vlge
,4o"e.oe3 ptlo'f

li
ii ogtÅ}o.oo4

096SO,O04
i" Leo,oos
207i.O.O07
294liO,O06
367 =l o,ooe
I941.0.007
31710.008
as3Å}o.eos
4fO,LO.O08
328.t.G.Oe4
2SlÅ}O.O04
l76SO.O03
n2Å}o.eo3
o431o.eo3
o42t.e.oe6
l38ie.Oe6
283.Ee,O03
4591.0.004
6go.+•o,oe6
699i+.O,O07
285iO,O07
9ZO•S•O,O07
903Å}O.OD7
T66j.O,O06
654Å}O.e04
435,t,O.e03
2sss,o.ee3
e4el.o.oo3
2tl Ll e.O04
tnio,oe6
702it•O.O05
978,tO.OOfi
86S.tO.O05
704 k. O.O07
525sO.O05
309SO.O11
l23--'• O.e07

2e3Å}o.oto
$4gto.oso
m2s t- e.oo7
P87:. O.O07
933the.O07
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luacd 2' {Ex =o. 075 t{eV) toogd 4' (Ex = O. 249 HeV)

Angle
<e.. )

Cross seetiDp
  {nTl".-'sr)

Anaiyzing
   (Ae)

pover Angle
<e,. )

Cros.s secti"n
  {mt)XSr}

Analy:img
   {Ay)

pever

, i63

1ii
1.407•1O.025
1.3a8Å}e,021
t.2S81e.O13
1.Sl9,l O,O09
g.335,tO.085
7,O17Å}e.e?6
4.e3!Å}e.04G
3.lets.o,o33
1,4g2•1•O.033
6,6eO,,.e.265
5.264,1.0.216
?.83710,216
l.3581O.024
2.HSIO.04i
2.7g9JO.035
3.246,}O.O13
3.437jO.Ot2
3,350.Ee.OJ2
2.999iO,Oll
2.4S310.010
1.833.,O.O09
i,3oelo.oeT
7.97O.iO.059
5.257iO.042
s.3B4/e,o3e
5,925.te.033
g.26o./o.o4s
1.oe6•o.oo4
e.12't 1/ e.e34
5,50S,C}.02l
2.763,e.O19
1.782,O.OI2
1.g;q. ., b.ote
2.557,C}.ef6
2,8D3,e 032
2.642," O13

 1.948,O Ot4
 1.248,C) etO
7,9'IU,O 076
6.aj25,O OT2
T.044lbiO?7

1oe
toe
1eO
1oe
ioe
tO-1
tO-I
lo-l

 o.o2sÅ}e.o21
 o.eo$Å}o.olg
-o,o22•Å}o.el2
-o.eslÅ}o.oio
-O.065i,O,Oll
-O.122 L, e,e13
-O.18tÅ}O.Ol2
-O.269j.O.O13
-O.378i.O.028
-O,233Å}O,048
 O.416.+.O.048
 o.7es•io.o34
 O.602Å}O.021
 O.492i•e,023
 O.355Å}e.Ol5
 o.3e6p,o.oos
 O.22BÅ}O.OOA
 o.t4eÅ}e,oo4
 O.074Å}O.O05
-O.Ol7---O.O05
-• o.tol.te,eo6
-o.2o3Å}o.oe?
-o.2ssÅ}e.oog
-O.248i,O.OIO
 O.643LtO.OSO
 O.858 ., O.O07
 e.664,t.e.oo6
 o.se6.l.o.eos
 e.3osÅ}o.eos
 e.I2g.Å}o.oos
-O,O16.tO,O08

 O,256,},O,O08
 o.se6.io.oog
 e.goe.j.o.oo6
 O.849iO.OtO
 O.'t!4,t.O,O05
 O,567,lO.O07
 e.3goie,oeg
 e.284•[O.Oll
 O,473.iO.O12
 o.n2]o.oog

li.3ll ii 4t7iÅ}o,
073,tO,
840JO.
654,1 O.
261.t.O.
oge .! o.

27GiO.
453!e,
986.f. O,
324 •,F.O.

504SO.
I0310.
268.i e.
340.iP.
34a ,l e.

Igz]e.
S95lO.
651j O.
S77.Å}O.
372sO.
722.+O.
992.1 O.
66e1o.
Ia8lO,
6!e.to.
822•iO.
530.+O.
S75,O,
4oe, ., o.

486,n.
03B•O.
463,n.

illili
ii'

lliiii
i  oll.l47Å}O.043

.07IÅ}O.04#
,063s•O.045
,180Å}O.047
.165Å}O.07S
,096Ll O.OG3
.o3gkto.o27
.lo6Å}e.o3!
,452Å}O,031
,SS3+.O.025
.62TÅ}O.020
.5G7i-O.OIS
.539i•O.e17
,47S,i,O.D17
.376a,D.O:3
.27SiO.O12
,146Å}O.OM
.e56so.o22
.409;I.O.024
.792j.O,O18
.7gese.otz
.658iO.Oa3
.539,l•O.O12
.348,t•O.OIS
.25aiO.O18
.325•iO.037
.574 L} O.O17
.elgso.ols
.84e,F.O.Ol4
.eoo•lo.o14
.7S2Å}O.O16
.617dO,020

1eaGd 6' (Ex ., G. 514 MeV)
IooCci 2; (Ex = O, 989 MeV)

Angle
<et. )

Cros,s uectiolT
  <ntb! s. v )

Ana!y:ing
   (Av >

pever
Ahgle
(e.. )

Cross section
  (mblsr}

Analy:ing
   <Av )

power

liiliili ili .687,+.O.
,792j.e.
.goro,tO.
.795iO.
.993.iO.
.156.lO.
,739.lO.
,59BO.
.o6eEe.
.3o2•!e.
.g5G.ie.
.578.}O.
.095.10,
,l8e.IO.
,l46.FO.
,3t'r.ie.
.248Ee.
.77'rio.
.3seio,
.04blO.
.4etl,o.
.83'j., e.

iieiiiii v. lo'1

'.•10-1
'.• l o•1

tIo-1
,se-
•.,10-l

,t lO-1

 10'I
iftO-1
,, l O':

tlo-2
":O-2
., lo'2

.t1O':
•..le':

xtO':
•E l o-2

x1e'2
x1o'2
KIO':
xlo'2
xlO':

o.34g,i.o.o4a
O,33f s. O,044
O.409 =+ O,042
O.3e41.0.e43
e,312it,O.042
O.322l.O.e26
O.24t,F.O,e2B
O,i99.i.O,033
O.121 .1 O.036
o.l6o,to.odie
o.3a6io,e3g
e.663Ee.e46
O.72It•e.033
o.sg3,{•o,o3o
O.531?.O.032
o.3seite.o44
O.3301.0.033
e.316i+,O.e49
O,416je.052
O,643,I,O.052
O.S6S.LO,041
o.sa1i•o.o3g

iliiiiIL iii 205Å}O.e33
210Å}O,e33
094Å}O,032
084•Å}-O,032
866•Å}•O,030
763.Å}O,029
589Å}O.e28
258Å}O,025
822diO.215
9BOÅ}O,l81
t84Å}O.t58
5t8•Å}O,l48
l14Å}O,t54
964Å}O,182
?43 =l e.485
225 ,Å} e.14A

737thO.136
675Å}e.t25
37othe.ios
612,!iG.100
6541e.Oe3
3V8•Å}O.04G
l61te,033
9141•e.05e
227•Å}O,045
357sO.046
959Å}O.034
304Å}e,034
l54Å}O.21S
709.Å}O.227
691•siO,16a
238•te.330
lt6Å}e.16f
466Å}G.204
090.piO.;82
4?S it e,157
eo7•se.12g
1l4•j.ie.11e

:li
ili

il• ig
li 045Å}.O,O17

038Å}O.O17
eo6Å}o.olg
OOIÅ}O.O18
Ol8iÅ}O,Oj9
Ot9Å}O.020
o6sÅ}o.ezl
04lttO.023
049Å}O.026
05Glle.031
e26t.O.036
065 t• O.e38
IT7Å}O,e35
312.rO.e30
213Å}O.06e
loeso,ozdi
0532O,D24
033Å}O,026
087 t. O.e29
t59Å}O,Q32
24l --L. O,e29

oo6Å}o,e34
602Å}O,03!
710Å}O,02S
614Å}e.e22
464 Å}. O,e22
296Å}.O,e21
oe6Å}o.o31
02BÅ}e.e32
225kO,e56
634 Å}. O,e36
assÅ}•o.o43
885Å}O.O{9
788 i. O,e2#
647=j O.031
51?Å}O,037
388Å}O.e4T
4oe.f,o,os7
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leOGd di; (Ex = t.t49 MeV} feeGd 1' CEx v- 1.t25 MeV)

Angle
(e.- )

Cross section
  (mblsr)

Anaiy:ing pever
   (Av )

Angle
(ee- )

Cross secti.on
  {rabfsr)

Analy:ipg
   {Av )

povet

iiiili,1111'ii`o 3.0goÅ}e,t26 xte'I
3.38tÅ}O.12s xto'I
S.539Å}O.133 xte'I
3.765Å}O.13e xte-
3.t58Å}O,t25 xlO'Å}
3,tt8Å}O.l22 xlo'i
2,832tO.tts xlo"l
2.85aÅ}O.tt2 xlo'1
2.193Å}O."s xlo"1
1.554Å}O.toE x1o'1
l.157Å}O,099 xlo-1
8.431Å}o,5eo xto'Z
l,O02Å}O,053 xlO'I
1,23tÅ}O.06o xlo-1
1,398Å}O,OaT xlO'1
1.447Å}e.e4} nloTL
1,104Å}O.033 xtO'I
S,352Å}O.338 itlo-2
5,142Å}O.22S xlO'tt
3.272Å}e.:75 xtO'!
2.538Å}e.122 x!o'2
3.S92Å}O.179 xlO'Z
3.eesÅ}G,lso x}o'!
4,563Å}e.225 xlo'2
3.520Å}O,144 xle'2
2.220Å}e.2o6 yIo'2
t.390Å}O.075 x1O-X
l.ossÅ}o.o7e xÅ}e'2
f.082Å}O,o7s Kfe'2
S.4asko,geo xlo'2
l.595Å}O.OS2 x10-Z
S.27eL-O.086 xlo-2

-• o.o77Å}o.e47
-• O,053Å}O.OA5
-O,095Å}O.OA3
-O.077Å}O.OA2
-e.oslÅ}o.o46
 O.035Å}O.045
-O.059Å}O.047
-O.162Å}O,04B
-O.l23Å}O,OGI
-O.i93t. O.076
 o.o22Å}o.og7
 O,025Å}O,079
 O.556Å}O.OS7
 O.541tO,OSI
 O.424tO.039
 O.2BOÅ}O.032
 O.091Å}O,03S
 O.024 de. O.047
-O.087kO.053
 e.ossÅ}o,o62
 O.357Å}O.055
 e.s17Å}o,o4g
 o.m4ko,s3g
 O.5SOÅ}O,052
 O,316Å}O,047
 O.131Å}O.105
-o.o6tÅ}o.e64
 e,27eÅ}o,o7g
 o.777Å}o.e?l
 G,747Å}e.a6S
 e,sssÅ}o.ose
 O.898Å}O.054

'iiiii/111iil 1,8g3Å}.o."7 H1e'9
1.7t5Å}e.n6 xlo't
1.7Z9Å}.O.116 HIO':
1,Aff2Å}O."O xlO':
1.228i•e.e99 xlO'1
g.7s4Å}e.ss7 xlo'Z
8.6S3Å}O.e23 xlO':
6.2S7Å}O.659 xlO':
7.7ss=to.'r24 x•lo'Z
8.116Å}O.66s y.lo'2
t.oegi,o,og3 xlo']
f.6S9Å}O,088 xlo'i
t,S33Å}o,14f xto'l
1.5li8Å}o,o7s xlo'l
I,tgsÅ}o.lo7 xto'Å}
8,e57Å}.•o,se2 x1D'2
6,57dÅ}O.388 HIO'tt
4.0S8!E O.276 ylO'Z
4.np.Å}o.2so xto'2
8,262Å}e.357 xlO':
             .e9.4S5S•O.31S xlO-
8.919Å}O.3e3 xlD'Z
s.seoÅ}a.2o4 v.to':
3.632Å}O,2oO rtlo-2
f.922S,O.t2l x1O'Z
2.197Å}O.f24 xso'2
2.319Å}O.l72 xlO'Z
3."9Å}.O.t45 ,,iO'!
3.9e'tÅ}o.276 xto'2
4.0211•O,t26 xlo-2
3.et5Å}O,I35 ste':
2.o8IÅ}o."3 x;o'2
             ."1,e78Å}O,087 xIe-
7,89Sio.713 xIo'3
9,536i.O,764 xte'a

-O,424thO
-O.348Å}e
-O,272Å}. O
-O.243Å}. O
-o,letÅ}o
 O.032Å}O
 O,076Å}O
 O.275Å}O
 o,a67Å}o
 o.4ro2Å}o
 O.430i•O
 e.26oÅ}o
 O.t76Å}O
 o.oe3Å}o
 o.2teÅ}e
 o,o33Å}e
 O,t93Å}O
 O,341Å}O
 O,905Å}O
 O.732Å}O
 O,586Å}O
 O,460Å}O
 o.2agÅ}o
-O.128Å}O
 O.050i-O
 o.7goso
 O.589Å}O
 O.824Å}O
 O.974Å}O
 o.seeso
 e.598Å}G
 o.3o4Å}.e
 O.305Å}O
 O,15S,t.O
 o,4e'lÅ}o

i15ilSill

moaci 3ny (Ex , t.2gO MeV} :ooad 5' {Ex = t.4a6 MeV)

Angie
{ec- )

Cross seetion
  (enblsr)

Analy:ing pover
   <A, )

Angle
(e. )

CresG secLion
  (mblsr}

Analvzing
   (Ay)

pover

t  ,2
1iiiille

3.324Å}o.e4o xtoe
3.323Å}O.e4D xtOe
3.492Å}O.e41 xtOe
3.6S5Å}O.042 xlOO
3.S55Å}O.042 xtOO
3.Ts'rÅ}e.o4G ytoO
3.sssÅ}e.e42 xtoO
3.4t7Å}o.o4o xleO
3.233Å}O.040 it:GO
2.9TatO,038 xiGO
2.44IÅ}O,034 ulOO
:.goaÅ}o.o3o x1oO
t.533Å}. O,027 x1Og
6.za59Å}O,174 xlo'l
5.369Å}O,287 x1O'i
5.860Å}O.t33 Mto-l
6.613Å}O.137 xtO']
T.g29Å}O,I49 sle')
T,731Å}O.15t xlo'i
8.146Å}O.I53 xlo'l
7,168Å}D,1o6 x1o'i
5.727tO.oso xlo'1
3.395Å}O.os6 xto'1
2,137Å}O.053 xlO'I
1.704iO.04: xlo-1
1,762Å}O.ogl xto'1
1,978Å}O.034 xtO'I
1,801Å}O.040 xlO'I
1.563tO.030 xlo-1
9.934Å}O.328 EIO-2
7.305Å}O,2os xlo'2
4,gt4Å}o.3oa Rlo'2
5.343Å}O.t42 xto'2
4,674Å}O.161 xlO-2
4.69tÅ}O.I63 xlO'Z
4,027Å}e.i49 xlO'!
3.219Å}O.t33 xlO':
2.422Å}e.fs6 xlo'2

 e.e2oÅ}o.ot4
 O.O12Å}O,Ot4
-s.GgB-ks.gt4
-• o.oe3Å}o.et3
-o.o26Å}e.ot3
-o.o44Å}e,ot3
-o.eAeÅ}o.et4
-O.075Å}O.O"
-O.084Å}O.Oi4
-e.D7o Å}. e.ols
-• o.oeoÅ}o.ej7
-o,totÅ}o.elg
-o.ossÅ}o.e21
 e.o46Å}e.o31
 O,2?-7=l•O.e61
 o.3gsÅ}o.o2s
 O,4t7Å}O.023
 o.37sÅ}e.o21
 O.327Å}O.022
 O,258Å}O.022
 o.te3Å}e.ols
 o.ogsÅ}. o.o17
 o.oesÅ}o.o2o
 O.I57Å}O.029
 D.4e6Å}O,027
 o,e7aÅ}o,o23
 O.659Å}O,O18
 D.556Å}O,024
 O.474Å}O,022
 O,363Å}O,037
 O,307Å}O.032
 O.E3SÅ}O,06tr
 O.588drO,028
 O.817Å}O,O?-9
 O.761i:O,032
 O.833Å}O,031
 o.7e4Å}o.o4t
 D.632Å}O,04S

22.i6
23.f6
2a.tv
Z5.l7
Z6.18
zT.!e
32,ae
S3.2t
3A.za
3e.24
40.25
lt2.26
4it.27
A6.28
as.2a
5e.29
52.3e
54.30
S6.3I
5S.32
60.32
62.33
64.33
66,34
68.34
70.34

1,374Å}O,t06 x1O'Å}
1,398Å}o,IorJ Nso'l
t,4t7Å}o.ogg x;e':
1,475Å}o,og6 xlo'l
t,4f:Å}O.085 MtO':
1.5s5Å}O.og6 xlo'i
1.o5ZÅ}o.tos x:e'I
1,e35Å}O,099 sto-I
9,260Å}-O,886 ylo•2
l.052Å}O.043 .:o-l
t,l52Å}O,039 xlO'Å}
S,870i-O,368 .to•2
e.261Å}O,2?I xle'Z
d,039so.216 xio'2
3,?q.7Å}o,tso y.Ie'2
4.3ff7Å}O,240 Nte'tt
5,O?3Å}o,2o4 M:e•2
4.923Å}. O,2s2 xto'2
4,839.+.O.t8S rttO':
3,582Å}.O,284 x!o'r
2,5E8Å}O.ios Hlo-2
2,11010.t23 xlo-2
l.sfiOÅ}e.I13 sclo•2
2.096.},O.:23 NIO'!
2.241Å}O.118 r.10'Z
2.067Å}o.n6 xlo'2

e.422Å}e
O.257Å}O
e.423Å}O
O.Z6ZÅ}O
e.jg3Å}o
e.leTÅ}o
O.A83Å}O
e.4raÅ}o
G.468Å}-O
G.41tÅ}O
e.426thO
e.31eÅ}o
O.281Å}O
o.2gea•o
O.593Å}O
O.583Å}O
O.682i•O
O.651Å}O
O,634 Å}. O

O.543Å}•e
O.338 Å}- e
o,47s Å}• e

O,S93Å}O
O.700Å}O
O,:30tV
O,780Å}O

ilkiigiig
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1esDy O' elastic 1eaDy e' (Ex = O.073 MeV)

AngLe
<e,# )

Cross seet!on
  (mblsr}

Analyzing
   (Av}

pover Angle
(e.. )

Cross sectien
  {tab!$r)

Analy:ing
   {Ay )

pover

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

illlllll'iiikillli 1.212Å}O.O03 xle#
?.A62Å}o.e24 x1o3
4.S05tho.ot5 xlol
2.414Å}o.e;e r.lo:
1.247it•O.oos ptlo3
5.305s•G,o43 .xte2
2,6geÅ}. o,o3o xto:
2.328Å}O.O18 xfGt
2.659Å}O.023 x1Oa
3.123Å}e.o3s x1o2
3.7z7Å}o.oz7 xto2
4.405Å}O.024 NtOa
5.173Å}O.044 x;e:
5,6o6Å}o.om x1e2
5.4BBte.e44 xlo2
4,851Å}e.e2s xlo2
4.026t.e.OIT xlO:
3.ealÅ}o.ot2 x!o2
2.2eeso.ot3 y:o2
i.31'rÅ}o.ete xlo2
7.S35-.ve.o'i4 ylol
3,320to,o48 nloi
t.537Å}o.o2ro Klol
l.M7Å}o,022 xfol
l.642Å}o.e3t x;ol
2.67sÅ}o.o32 xld
S.794Å}O.052 xlDl
4.568Å}O.042 MtOi
5.e09Å}o.o36 y.lob
s.e12Å}o.eag xlo:
4.6?.7Å}O.e38 xlO:
3,9T9Å}O.02s xlOl
Z.3i6Å}o,026 .lol
t.ole,-.e.o14 ylol
3.938io.osl yloe
s.4gls•o.o73 xloe
4.337Å}O.098 x1OO
5.139=,•O.097 MIOO
6,D33Å}e.le6 xlOO
6,463Å}e.089 EtOfi
6.e45thO,D86 slOe
4.493Å}O.067 xlOe
2,726kO.053 rtlOe

 1.344Å}O.03; xlge
B,55Ste.leg xlo'i
8.57sj.•e,21o Elo'E
9.445Å}O.289 KIO-
9,S77Å}e.2gg Nlo'1
9.23tÅ}O.27t .to-I

-o.o26Å}e.oo3
-O.077Å}O,O04
-O.l29Å}O,O04
-e.2ozÅ}o.oes
-o.2BgÅ}o.eos
-O.331Å}O.OIO
-- o.lseÅ}o,o14
 o,3t6xi•e,olo
 O.416Å}O,OIO
 e.437Å}O.Ol4
 o.4z2Å}o.oeg
 o.3so•i•o.oe7
 o.3e7Å}o.en
 o.242Å}e,oos
 o.seEÅ}.c.oto
 e.folÅ}o,oo6
 e.o]7Å}o.ees
-o.o62Å}o.oes
-o.lssÅ}o.eo7
-• o.3tst. o. oeg
-O.466Å}O.Oll
-e.753j,e,Oi4
-O.764Å}O.O15
 o,34o.Å}o.e23
 o.gs2Å}o.et7
 O.88g;tO.Gli
 O.778Å}O,O13
 e,6isÅ}o.olo
 o,s22Å}o.ooe
 o,41s.to.eo7
 o.32eÅ}o.elo
 O.228Å}G.e08

•- e.oesÅ}-o,o14
-O,2,J8t-O,Ot8
-e,;s6.Å}o.o2s

 o.so7Å}•o.etg
 O.983t.O.Orr
 o.ssg•ko.era
 O.925Å}O.O14
 O.852Å}O,Ot2
 e,664 =+ O.Oi4
 O.502Å}O.O16
 O.25SÅ}O.023
 o.se2i.o.e2s
 o.lgsÅ}o.o26
 O.726itO.023
 O.S7SÅ}O.021
 o.gsgÅ}o.e2o
 o.ssoÅ}e.o24

igii 1ij'iililiiliililil ii'i
il

liiil,liiil,l,lli1tiiislsi

ii

iesDy 4' <Ex tr O.242 MeV} twDy 6' (Ex = O, 50t MeV)

Angle
(e. >

Cross section
  (mb!sr)

Analyzing
   <Au )

pever Amgle
<e,- )

Cress seetion
  (mb!sr}

Analy2ing
   (Aw )

pover

ill1111iiilll l.152Å}O.082 xlOO
8,939Å}O,962 xlO'1
7.22GÅ}e.667 x1O'I
6.85tÅ}O,S18 xte'1
5.256Å}o.47o xfo'I
5.316Å}o.ses xao'I
5.693Å}o,4g4 xTo'l
6.513Å}O,541 -xlo'i
8,199Å}O,4s3 xlo'1
9.700Å}O,4B4 xlo-1
1.oigÅ}o.o63 xtoe
1.ee7Å}o.o4s M!oe
t.oi6Å}o.o64 xloe
9.S29Å}O.442 .lo-l
9.138Å}O.3sg xlo'i
T.676Å}O.272 xlO-
7.036Å}e.365 nlo'1
4,Gg2Å}O,215 .xlO'I
2.718Å}e.223 v.to'1
2.46eÅ}O.181 xfO'r
a.gs4Å}o.2z7 xso-
4.522Å}O.22e xlo'l
lt,7t2Å}O.260 xtO-
4,554Å}o,21s xlo'1
5.086Å}e,225 xlO'I
4.552Å}o.17s xle'1
3,23?Å}O,150 xte':
2.oisÅ}o.ll4 xle-
l.154Å}o.ogs xlo'l
l.794-Å}O.099 xlO';
l.824Å}O.07T xlO't
2.318Å}O.egs nlo'1
2,g03Å}e.so6 Ele'1
1.649t. O,096 niO':
t,{esÅ}o,os2 M!e':

O.237Å}O.085
O.093Å}O.120
O.085Å}O,t07
o,232•Å}e.esg
O.254Å}O.le2
O.371Å}O.107
e.n7Å}e.oa2
O.552Å}O,092
D.561Å}D.Oe3
O.45SÅ}O,057
O.462Å}O.07Z
O.468Å}O.050
O.385Å}e.e72
O.33IÅ}O.052
e.292Å}O.046
e,s6ot•o.o42
O,l93Å}e,064
O.268Å}O,054
o.277to.oe3
O.654S.•.O.077
o.64sÅ}o.oBe
e.7I9s•O.048
O.757ttO.OSI
o.anÅ}e.os2
o,s26Å}o,oas
O.451Å}O.044
O,319Å}O.054
O.370Å}O.OS5
O.517Å}O.09t
O,7GOÅ}O.054
e,814Å}G.038
e.921Å}O,033
O.893 t. O.046
O.685Å}O.058
O.727Å}O,OS4

iiliii 7,206Å}1
l.172Å}e
6.565,-t
t.315Å}O
1.043Å}O
1.t1iÅ}O
1.10iÅ}O
l.ea3Å}o
8.26$Å}1
8.825Å}•O
5.292Å}1
6.022Å}e
3.1#9Å}e
2,5t21•O
2,929tO
z,gg6Å}o
3.140Å}O
2,755eO
2,B80Å}O
2,45tÅ}.O
1,584thO
1.567.Å}O
1.090.+ O
1.337i•O
1.5alÅ}O
:.984Å}e

iliiii i.ti 385i•O.207
575Å}O.16S
089Å}O.207
239Å}O.f36
362=}•O.202
fSOÅ}O.M7
t65Å}O,t2G
]61Å}O,ttO
259Å}O.t7i
!gzÅ}e.t2o
l37Å}e,2e9
272Å}O.162
625Å}O,174
593th•O.223
09SÅ}O.10S
5ZlÅ}O.18es
779Å}O.132
T71Å}O.l4t
446Å}O.155
367iO.l76
545Å}O.;81
130Å}e,l50
71iÅ}O.tS3
786Å}. O.!72
766Å}e,i63
67ds•O.132



234 T. ICM}-IARA

1ptDy Z; {Ex = G.762 MeV} lesDy 4; (Ex # O.9i6 MeV)

Angle
(e. )

CroGG seetien
  (mb!sr)

Analyzing
   {Au)

pover Angle
(ea )

Cross section
  (nÅ}bfsr)

Analyzing
   {Ay )

pover

11glliill 2,248Å}O,2Z3 x:Oe
t,838Å}O,17t xiOO
1.466Å}O,180 xloO
1,389tO,113 xlOn
1,026Å}O,I03 MlOO
9.5oroÅ}1.ag3 y1o'l
1.oo6Å}o,ltl xleO
9,064Å}O,797 xlO'Å}
4.486d1.sle ute'I
2.928Å}O.542 xto'i
6.213Å}O.568 x•te'Å}
6.437Å}O,542 xte'I
6.592Å}O.5o4 xle'i
6,843Å}. O.4S5 xte'Å}
5.78I Å}. e.452 st O'!
5.098te.418 xlO'l
4.29I.tO.294 xtO'1
3.62sÅ}e.37o xte'1
i.48G.ke.2eg nlo'L
9.825=fl.022 xIO-Z
8.46at:.3oi xIo'2
S.OBIf,e.91g nlo'2
i.779Å}O.2Q; xlO'1
2.138the.l70 NIO'I
1.998Å}O.:s7 xlo'1
t.705Å}O.135 HtO'1
l.403Å}e.132 xtO'1
1.085,te.102 xlO-
9.537Å}G.897 xle':
7.534=ie.7ite xlD':
3.235=+e,s16 y,lo'2
3.2oetho.46: xlo'!
5.e44ere,586 y,10':
6.934Å}e.640 xlO'a
6.79eÅ}G.4,j4 y,10':
A.767tO.3S6 xtO'a
3.482Å}O.es2s y.lo'2
2.20H,e,32o .lo-2
l.502Å}O.2B3 xlo-2

 O,040Å}O.H4
 O.072d•O.ttO
-e,021Å}-O,Ml
-e.12oÅ}o.eg6
 e.e79Å}O.1l5
 O.089x, O,t7?
-e.I05Å}O,t25
-o.23z,to.te3
 e.057Å}D,33V
 O.345tO,t86
 O.353Å}O,te4.
 o.32sÅ}o,egz
-o.o7sÅ}o.oge
-O.t45Å}re,078
 o.eg7Å}.o.og3
-o.o6sÅ}e.og7
-O.t83Å}O.079
-O.034i,O.119
-O.232SO.t55
-o.st7Å}-e.no
 O.170Å}O.180
 O.523Å}e.119
 O.831Å}O.Ik
 O,639Å}O.e87
 O.428iO.i08
 O.232Å}O.089
 O.O13Å}O.I09
 O,24SÅ}O.llO
 o.lotÅ}o.Ioa
-O.022Å}O,ll5
 O,328Å}O.l77
 :.O16i•O.l27
 G.B9?.i•O,t{3
 o,gl6.to.ese
 O,921Å}O.056
 O,547,},O.OS5
 G,n96.tO.l36
 e.058tO,162
-O,OOOÅ}O.206

illiliillii 3,l68Å}I,el6 xlo'i
4,229Å}O.g59 xlO'1
3.386Å}1.ot6 xlo'i
4.358Å}o.747 x:o'i
a.e67Å}o.sl3 v.to"
3.77erk.1.o66 xto'i
3.82eÅ}re.7s6 ltTo'l
4.t?sÅ}o.6'ro xlo'l
4.340Å}O.340 xlO'I
2.19ffÅ}O.3I7 -tlO'I
Z.S37Å}O,4o3 .lo•1
5.790Å}1.g27 x1O':
6.101Å}l,561 xtO':
3.727Å}1,lts N!o-2
5.8e4Å}j.741 ,,te'2
6.2t6Å}l.31g xle'Z
7.427Å}-Å}.994 xto'2
1.221Å}e.fa5 xlo'1
i,2e21•O.131 xlO't
l,323Å}O.I37 pt•1O'1
7,642Å}.1.466 ifiO':
3.277Å}o,7s6 v.1o'a
3.ra7Å}e.s6e xlo'Z
2.366Å}.o,sBo xle'2
a.vssÅ}o.7zg y.te'!
2.755Å}e.614 xlo'2
4.727Å}G.slo xto'2
3,929Å}O.6o9 x1o'Z
A.352Å}O.643 x1O':
2,767Å}e.4gs x1o'2
2.6o9Å}o.5et Hlo':
I.298Å}O,3os x1o'2
t•i6!t.Q.2t8 x{G'2
t.:e)etto,23s itto-2
t.2atto,2gs xfe':
1,MOs.•e,2ss xlo'U

-O,184Å}e,
-O.OllÅ}O.
 e.464Å}O.
-e.ssoÅ}o.
-e.4o6Å}o.
 O.4Z5Å}O.
-O.3,j5sO,
 o.tatk-o,
-O,178 t. O,
-o.og3Å}e.
-o.2as Å}. o.

-o.ogote.
 O.341Å}O.
 e.468Å}O.
 O.960Å}O.
 o.ssoÅ}e,
 O.758Å}G,
 O.408Å}G.
 D,S34Å}•O,
 O.229Å}-O.
-e.o31Å}o.
 e.I51Å}O.
-o.4sga,o.
 e.s2oi•o.
 O.4t7=S•O,
 o,sls .r o,
 O.636Å}O,
 O,706Å}•O.
 O.412Å}e.
 O,300Å}O.
-e.og6t,e.
 e,eg4t,o,
 Q.?.Qa t• o.
 e.455Å}O,
 o.srJoi,o,
 o.e2o,to,

iillilli

   ,
leCEr oL elastl`c iec'Er 2' CEx T e.08t MeV}

Angle
(e.. )

Cress seetlen
  {mbf'sr}

Analy:ing pover
   (A, )

Ang]e
(ee. }

Cross section
  (mbfsr>

Anelyzing
   (A, }

pever

ilili11i 1,424Å}.o,oo2 xle4
B.765Å}o.ol'r xlo3
5,17tÅ}O.ov, ,{Ie3
2,snÅ}e,o" yto3
i,317Å}.o.oo6 xte3
6,otsÅ}e.o3o v.tGa
3,P.5eÅ}O,ozl rieZ
G,22eÅ}o,ols xloZ
4,434,to,o2'r xEo2
5.793... O,022 x{e:
6,727Å}•O,023 xtOU
7.osoÅ}o,D16 xleZ
6,73eÅ}o.ot7 xloZ
S,926t.o,o1s ,{te2
4.737-•o.o13 xIe2
             ,3,57{Å}e,Oll xtO-
2.389Å}O,O07 .Io2
i.472Å}o.oos xte2-
7,S45ie,041 xtGt
3,Ss4,to.o4e xtel
1,633=1 0.ols yteZ
1,53",o.oal xtet
2,42oÅ}-o.o23 xlel
3,738Å}.O.e35 xlet
4,983,tO.033 li1G[
S,953Å}O.039 klOl
6,o41Å}e.ols xtol
4,646,F,O.O13 xlG:
z,4s'tÅ}o.eos Elei
l.Oa6Å}e.O06 EIGI
4,64'i,l,O.033 li-1eO
4,949,f.O.04G it10e
7,203Å}•e.044 xtGO
6. nlÅ}•e.or"g xtee
'l,2'iFJ,, o.out •xtoe
5.I31•-O.038 x1ee
2,993Å}O.e2rt pttOe
l.s61s, o.e16 -.,toe
l,o63so.ell scteO
l,116Å}e.O15 xleO
l,2soie.oi6 ylee
f,2sgÅ}o.o16 xloe
l,ossj.o.oru xloe
7.'fSO,i,O.I22 riO':

-O.G264.-O,O02
-e,esol,o.oo3
-o.Matho,ooa
-O.M5if,O,O05
-O.303i-C.O06
-a.3;si.•o.og7
-O.039.Å}O.O08
 O.35SÅ}O,O07
 e.42e=j o,oos
 e.37eth-o,ooe
 e.2gvÅ}o,oos
 e.22IÅ}.D.O03
 O.l50,l,O.O03
 o.os3i•e,oo3
 e.ooeL,o.oo3
-o.ose Å}• e.oo4
-O.206Å}O.O04
-e.34gÅ}.o.oo'r
-O.583Å}O.O08
-O,812Å}e.O15
-O.575t.e.O13
 O.569=, O.Oi6
 o.g33,io.olo
 O.849Å}O.Oll
 O.7t9Å}O.O09
 o.ssgÅ}e.oos
 O.3B6,tO.O03
 O,185,tO.O04
-o.etisÅ}o.oo4
-O.33ZÅ}G.O08
-o.oeli,e.oog
 o.s'r4Å}•o.oto
 O.959Å}O.O06
 e.ses=,•o.oog
 e,633 ,,,e,eeT
 o,42et•e.eog
 O,191,,,O,OIO
 o,os3ke,al3
 o.3't4Å}e.ot6
 O.8t5t•O.OM
 o,gseÅ}•o.oli
 O,987Å}O.Ol2
 O,9tOÅ}O,Ol2
 O,754,,,.O,Gl7

liiilllil 9,S87Å}O.307 ..let
1.l28Å}e.o2s xlol
l.3t8Å}O.028 xte!
             ";.364Å}D,025 xlO"
l.317Å}o,ols xso2
             "1.SV3a,o.ot3 xtok
9.509=+•O.t17 xtOÅ}
7.3?eÅ}o.os2 xlol
4.881Å}O.ose xtol
2.975Å}O.048 klol
t.4eOÅ}e.038 NiGI
7,765Å}O.224 xleO
7,i731,o.2so xloe
l,094Å}O.02S xlOl
f.901Å}O.032 xlOI
2.6S4-tO.035 ]IOi
3'.386Å}o,D27 xtoi
3.869sO.03g ntei
3.Doute.o27 xlel
3.S4'TÅ}O.038 itlel
3,348=+O.02s t1ol
2.766Å}O,027 y.10I
2.e6oÅ}o,o2o xjoi
l.427Å}o,o2o xtoi
8,894Å}O,13$ xlOO
5.618d,O.121 xteO
4.422Å}.O.041 M1eO
7.458Å}e.05g xleO
S.lo6=+•o.ee6 xlol
I.lrosÅ}o,oey xlol
9.322Å}.o.e46 xloO
5.753Å}.o,o47 xloe
3,l39Å}o.oz7 xtoe
1,gsro•Å}e.o2g xtoe
2.4o4Å}v.e24 xloO
3.o7a=+o.o3Å} ,doO
3.4o7Å}.o.o26 xloe
3.e32Å}o,o23 g1oe
a.I8SsO,o2e .etoe
1.4GeÅ}•o.oie xloV
8.694Å}o.13o !to'l
7,560Å}O.121 xle'i
8.744Å}O.l31 xiO'1
I.O02Å}.O.O{4 x1OO

liiiiliiiglkliilii

ii



SYSTEMATICSOF TKEKEXADECAPOLESTRENGTHOF TKE7-VIBRAZrlON 235

lasEr 4' (Ex =- O. Z69 MeV> letiEr 6' {Ex =• O.545 MeV)

Ang!e
(e. )

Cross seetSon
  {mb!sf}

Anaiyzing
   (Av>

pover Amgle
(e. )

Cross section
  (mblsr}

Analyzing
   {Ag }

pover

iliiliiliiil 1.323t.e.
1.575Å}•e,
1.653SO.
1.434Å}g.
t.34t Å}. O.

I.064•sO.
9.926Å}O.
7.243;}O.
7.361Å}O.
5.t79 Å}. O,

7.267Å}O.
6,204tO.
8.590.Å}O.
9,j92Å}O,
1.09SÅ}O,
1.;09d,O.
1,193Å}O.
1,074Å}O.
1,OOItO.
7,18410.
3.gog.i,o.
2.887j.•e.
3.063.i,O.
3.166.Å}G.
4.132Å}e.
5.037l,G.
5. 4e L- O.
s.3e?s•e.
3.g64s.e.
2.9e2,Ie.
t.899.i,O.
I.561Å}e.
:.857 ,t O.
2.2'r2t.O.
2.467siO.
2.t49Å}O,
t.736.1.0,
;.249i,O,
8.500S,O.

le3 xloO
140 blloO
097 xloO
09: xloO
063 gloO
o63 xloe
599 xlo'S
535 xlO':
5t8 xlD':
313 nlO'd
214 ylO'1
344 11o-1
229 Nio-1
4as xlo'1
o21 xloe
o17 xloe
ols xleny
o46 xtee
e2o stoe
t44 Ete'1
l24 x!o't
093 xto4
:!t xlo'i
esg xte'l
098 y.lo'I
l38 v:O-
li2 ptlo'i
1:O xlo'i
IM xlo-l
081 llo-l
OT4 x:o'i
osrJ tilo-i
og.6 -rt1o'l
06G y.lo'i
069 .xlo'i
063 xlO-i
05s xto'E
047 xlo't
404 MIO':

e.267Å}O.093
e,ossÅ}o.1os
O.128 •=/ O.GTO
O.087•Å}O.077
o.2ro3Å}o.es6
O.213iO.e71
O,209tO.OT2
e.338Å}O.e88
O.191Å}O,OS2
O,t96Å}O.G73
O.383.Å}O.03S
D.339.-O.e66
O.338i•e.03?.
g.418Å}e.056
D,406 Å}• O.e24
D.399Å}O.O18
o.3ol=to.olg
o,2s3Å}o.ose
o.2e4,.te,o2s
O,220=FO.025
O.197Å}G.040
o,4et .t' o,o36
o.72gÅ}e.o3e
O,7" Å}. O,029
O,7MÅ}e.025
o.6gst•e,o3o
e.574Se.023
o.4sgÅ}o,o2a
O.3051-O.038
O.244SO.033
o.2s6•l,o.oa7
o.ses=t o.o3tg
o.eenio.o3e
O.SU3,tO,026
O.834,l,O,e28
O.?48itO.030
e.699iO.036
O.di81Å}O.043
G.429•Å}O,e58

liiILil t.2e7Å}O.202
1.129Å}O.140
l.358Å}e.121
1,478Å}e.ee9
t.518Å}O.13e
1,236Å}O.06T
1.e4gÅ}o.e4e
8.451Å}l.211
1.076Å}O.054
9.33TÅ}1'.274
l.083Å}O,e63
l.IBOiO.05f
9.123Å}O.496
7.177Å}O,5tO
?.309Å}O.3S9
4.55f Å}. O.350
3.513Å}e.35B
3,505Å}O.274
3,31iÅ}O.3DO
2.951Å}O.323
3,l89Å}O.263
3.68gÅ}O.282
3.e39Å}O.329
3.246Å}O,258
2.8S4Å}O,275
2.8tOÅ}O,Z22
l.T73Å}O.203
t.934Å}O,23e
t.787Å}O.179
t.919tO.185
1.89iÅ}O.183
2,059 .E O.191
1,rl9gÅ}O.t79
1.e74Å}O.!88

11i
lllllili

il 11l036Å}O.
138Å}e.
16SÅ}O.
iegÅ}o.
028Å}O.
033Å}O.
I28Å}O,
:84Å}O.
T56Å}O.
143Å}O.
055Å}•O.
028Å}O.
03BtO.
069Å}O.
157Å}O.
e4?Å}. o.

279tO.
370iO.
534tO.
762thO.
792•Å}O.
8?7Å}O.
972Å}O.
6S6Å}O.
42eÅ}o.
350Å}O.
575Å}O.
372Å}O.
555Å}O.
691Å}e.
765Å}O.
714Å}O.
B381Å}O.
958Å}.O.

liiiio

IS6Er 2; (Ex - O. 786 MeV} :ceEr 4; {Ex = O.956 MeV}

Angle
<o.. )

Cress secUon
  {mt}lst')

Analy:ing
   <A, }

pever Angle
(e,. )

Cross section
  (mblsr)

Analy:-ing
   (Ay )

pever

lillillillli lii 26SÅ}O,406
S70Å}•O,415
762.+.O,30a
365lO.243
305siO.30G
644=, O.156
l9SÅ}.O.167

ges4 .t e . goa

9Z.te.869
e92=F•O.5t'r
926,i•e.724
2t9Å}O.294
3o{ ., e.e2s
94'rÅ}O,28?
55'rÅ}O,624
704Å}•O.32]
034Å}O.18]
7?6Å}O.A23
415Å}•O,167
g06 .{. O,348

agsso.l7g
l32ie.le7
ae7s•e.71s
o4'is.o.iel
4e8!.e.:28
Ot 3 Å}. e.1!6
74,jÅ}e.f66
S34Å}e.t56
76I j. O,I33
180tO,12'i
991 Å}. O,OSI
402,t,O.092
7o7.to.'r3'i
95BtO.446
3391.0.601
7d6kO.6g6
49S,iO.505
77Is•.O.6BO
8tS!O.694
32e.t.O,ri49
463.l•e , 38't'

Z70 t. e.326
t se .t e , ?.fsG

210se,283

ll

l,li
ili  O.220 tt O.201

•- o.esl.Å}.o,lso
-O.045:.O.133
-O,134•j e.121
-O.e82,t.G.150
-O.t57Å}O.:14
-O,071,tiO.182
 O,leff,tO.I31
 O,Z30 Å}• O, I7i
 O.072.•t•O,t52
 O,28DÅ}.O.1S7
 O.276.tO.04S
 e.256tO.086
 e.2ogÅ}o.o"
 e.lz3so.ego
 O.037•Å}O.05Z
-O.e83.EO.032
-O,t65i-O.087
-o,2sm,e.ons
-- O,108LE O.I07
-O,268Å}•O,OBl
-O,188Å}O.062
-o,o64Å}.o.fe3
 O.68]Å}O•.ll9
 O.752.Å}-O.e98
 o.7as.t,o.or"1
 O,6S4t,O.O59
 C.564Å}O.OG9
 o.sssse.o63
 G.UBÅ}e.072
 e.22et-io.orJ't
-o.e66,s.,e.o7't
-O.286tie.:lq
 O,2t4f.e.le5
 O.749g,O.l39
 O,959 i. O.e54
 O.85S,f.O.056
 O.937:.O.e66
 O.763tO.063
 o.FJn?.Å}.o.esa
 O,3U1tO.098
 O.209,tO.117
 O.Q9Bt..O.t43
 O.6691-,O.13B

lliislig 211llli 4,365 th. 1.036
4,e76Å}O.833
4,390Å}1.029
5.345Å}e.a09
4.284Å}O.736
4.84:Å}O,524
4.822Å}O.563
5.878deO,S69
2,834Å}O.437
3.o4eÅ}o.3e2
2.367Å}O.4e2
l.2t4Å}e.342
5.6!6iO.61a
6.374iÅ}O.652
e.164M.567
1.;Ort•Å}O,100
1.034tO.205
1,439Å}O.128
1,553Å}•O.098
1.576Å}O,1e7
l,554Å}O.l88
l.351Å}G.083
9.815tO,739
5.632j.e,636
4,723.Å}O,45B
3.l9eÅ}O,393
2,?73Å}O.363
3.909,te.489
5.543liO,626
5. 268 Å}.iO.e13
3.7M.Å}O.44t
2.474t,O,305
I,284iÅ}O.205
1,08'riO.2I6
1.142.).O.205
1.939.LO,26e
2.048t,.O,277
l.740.i..O.254
8.305Å}1.907

llii
1111/

liii'
lil/ Ot6Å}O,257

18SÅ}e.223
036Å}O.256
OISj,O.t7I
232Å}e,I90
OS8Å}D.128
293=l O.138
e06Å}O.l68
f2TÅ}O.172
353Å}O,114
686s,O,183
4Sl•kO.232
S03Å}O.:23
488Å}O.t31
S94Å}O.2II
453,LO,09B
533Å}O,215
347iliO.106
465=, O,G7e
285te.083
107Å}O.t09
e2gÅ}o.o7s
e{gto,ogo
380=i O,131
172Å}a.li6
056 :- O.144
6gt uF e.133
63?Å}G.:54
650ke.l21
424Å}O.l21
330:.O.I36
260Å}O. M3
o2gÅ}•o.{sa
136kO,218
78P;i O.177
98e .t.. e. 1 1O

761 .i. O.133
861Å}e.:23
l:OÅ}.O,2SI
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lcaEr O' elastÅ}t :aSEr 2' {Ex = O, 080 MeV}

Angle
(e,. >

Cross $eetion
  {thblsr)

Ana!yzing
   (Av )

pover Angie
{e.. >

Cress seetion
  (minfsr)

Analy:ing
   {,aw >

pOver

lliiiilll,t  ,,'

lliilll`

t.353Å}O,O02 xlOl
8.497Å}o,o!7 xlo3
4.S91Å}o.e:4 xio3
?..6asito,Gto xle3
i.2soÅ}. o.eos xto3
5.S53Å}o.o3o xlo2
3.tzsÅ}o,o2e xlo2
2.gslÅ}o.o17 xlo!
             ,4.225Å}O,026 ylO-
5.22SÅ}o.o2: xlo2
6.327Å}o.e2z x1o2
6.532Å}o.ets xlG2
6,132Å}O.e15 xleZ
5,355Å}O.o14 xte2
4.352Å}e.oi3 xlo2
             '3.166kO.Oll xtO-
2.t83Å}o.oog xlo2
t.267Å}o,oo7 xlo2
7.e5oÅ}-o,os6 xlol
2.g7sÅ}o.e36 xlol
1,37BÅ}o.o23 xtol
1,273Å}o.o22 xtel
1.374Å}e,o2o xlol
2,233Å}O.027 xlOi
s,ltgeÅ}o,o34 Nlol
4,788Å}o,o4e ulol
S.594Å}O.038 xlOl
s.soot•o.ol4 Klol
5.456Å}O.O13 rr!ol
3,es7Å}o.oog Mtol
i,g43Å}e.oo7 Hfol
7,?48Å}e,044 xlOO
4.079Å}O,03t xlOO
5.214Å},o,o3s xloe
7.3o6Å}o.o4s xtee
T,677Å}O.Q45 pttOe
6,344Å}-e.040 N:Oe
a,24eÅ}e.o32 xioO
Z.349Å}O,D20 xlOO
1.269Å}.O.O15 xlOO
!.oogÅ}g.on slDe

 ;.o6oÅ}o.a:4 xlee
 l,209Å}o.o13 xtoe
 i.173Å}O.O13 x;OO
9,t71Å}e,11#o xto'i

-o,o34Å}o.eo2
-O,074Å}O.G03
-o,t3sÅ}-e.oo4
-o.2osÅ}o.eos
-O.288Å}O,OOS
-e.3G3Å}o,oo7
-O,026Å}O,O08
 o,336Å}o.oe7
 o.41eÅ}e.oeg
 O,36tÅ}G.e05
 o.2slÅ}o.oorJ
 e.zzzÅ}G.oo3
 O.147Å}O,O03
 O.073Å}O,OOS
-o.eo2Å}o,oo4
-e.eggÅ}o.oe4
-O.200Å}O.O06
-o,366Å}o.ees
-O.559Å}•O.Gll
-O.B"Å}O.Ot5
-O.57SÅ}O,021
 O.G51Å}O,02t
 e.568Å}O.O17
 e.951Å}O,Ot3
 O.829iO.Ol2
 o,6e2Å}o,o1o
 O.567,1•O.O08
 O.525Å}O.O04
 o.333=-o.eo3
 o.l2oÅ}e.oo3
-• O.l24Å}O.O04
-e.342Å}o,oo7
 O,273Å}O,OtO
 e,gs6Å}o,ooe
 o.ge4Å}o.oo7
 o.74?Å}o.oe'i
 O.552Å}O.OOB
 O.346 .I O,O09
 e.l22t•O,Oll
 o,e6sÅ}o.ots
 O,S27Å}O,Ot6
 O.896dO.et3
 o.g"rgÅ}o.ele
 o.stgÅ}e.efi
 O.853iO.e13

Il 1ijiiliiiil,ii ii
il lliiililliiii

{eSEr 4E (Ex tt O.264 MeV} 1eeEr 6' (Ex = O, 549 MeY}

Angle
(e.. >

Cross sectien
  (matslsr}

Analy:ing
   (Av >

pever Angie
{e. )

Cress seetion
  (mb!$:'}

A"aly:ing
   <Av )

pover

iikiii?11111li7 i.324Å}D.t2B slOO
].727Å}o.tt4 xloe
1.853Å}O.t09 x1OO
1.552Å}O.e93 HIOe
t.226so.G62 xtoe
1,056Å}O.055 HIee
1.lssÅ}o.o67 xteO
t.020Å}O,061 xlOO
8.894Å}e.555 ,{tO-i
7.920Å}G,S43 HIO'i
7.G53Å}e.4sv xsg'l
T.535i,o,ssB -x.To'1
9.M510.568 xle'I
9.099j,O.5S6 xlO'1
1.143Å}O.e!7 xlOg
1.104Å}O.e6a xloO
1.12SÅ}O.e65 gtOO
1.191i-O.O,jT xlOe
t,2g4Å}o.o;B xloe
1.222Å}O.e,56 xtOe
t,1g2•.+o.os6 xIo"
I,t53tO.O17 xlOe
1,t16Å}e.054 xleO
8,409Å}O.145 xtO"
5,A23Å}e.115 NtO'{
3.327Å}o.ogl xle'l
2.7?SS,O,085 xlO-
3.62BÅ}O,096 liiO'i
4.732.}O.t08 ,tlo-1
5.a62Å}O,t13 xtO'I
4.860tho.to7 "to-1
3.575Å}o.egl glo'i
2.30TiO.075 xlO'I
1.6TlÅ}o.o63 xlo'1
:.531Å}o.os3 xio'b
2,OOzi•o.06o xto-1
2,354Å}o.o6s xlo'l
2,490t.o.e67 xto'l
2.083.{,o.orJs xte'l
i,41?.io.ot,s xle'l
1.042tO,03g xtG-I

O,163Å}O.112
O,247Å}o,o'{6
O,337Å}. e,068
o.os2Å}o,o7a
O.!47Å}.O.OSI
O.223Å}O.OSZ
o.mr"Å}o.oe9
e.221Å}O.071
o.og4Å}o.e76
G.387Å}O.G78
G.32TiO.Gel
o,43e•Å}o.ees
O.304Å}O.074
o.2s7Å}e,o'r4
o.3seÅ}e,ols
o,3s2Å}e,oc,s
o,46et,o,off6
o.32ode,ose
O.326Å}O.O17
O.33ltt•O.054
O.233Å}O.057
O.3f8Å}O.Ot8
e.225Å}O.056
e,2s2to.oz2
O.2Z4Å}O.026
e.4o6Å}o.e33
G.64BÅ}O.033
O.737Å}O.e28
O,667Å}G.02.5
O.S12Å}O,024
o,42oÅ}e,oz6
O.3t3Å}O.031
O,30t i• O,039
o,s64 t. e.o4s
o,7sss•o.osro
O.869Å}O,028
O,864,tO,026
o.7nÅ}o,o2'r
O.Sl8sO,OSO
O.496..g,03'{
e.32os,o.ott6

iiilil 'll 66eÅ}e
542Å}e
367Å}O
097Å}O
576Å}O
125Å}e
78'lÅ}e
ssvÅ}e
teBÅ}o
812Å}O
33gÅ}G
825Å}e
8t4Å}e
74sÅ}e
328Å}e
A3Si•O
OItÅ}O
313,lto
730tO
S52Å}O
t31Å}O

.e?'1

.e75

.e73

.070
,059
.05j
.ai4
.394
.367
.3e7
.3r4
.35vt
.325
.323
.233
.20i
.t82
.I96
,t89
.t84
.I6a

xle-
xlO'I
rt 10'1

xlo'1
xlO'I
Mto-1

  ntr10-
Hte'2
xto'Z
  .nxlOL
x!o'2
x1O':
HIO':
nte'2
  ."NtO-
xlO'!
xlO':
xlo'2
xlo-r
xlo-a
xlo-Z

O,i02Å}O.
O,075Å}•O.
O,138,tO.
O,104.i,O.
o,134Å}e.
O.195Å}O.
o,3e7Å}o.
O.487Å}O.
o,74sÅ}e.
O,805 Å}. O.

o.s?aÅ}o.
O,488Å}e.
o.4seÅ}e.
O.4t6=-O.
o.2e6th•o.
O,622,kO.
O,549Å}e.
O.803Å}O.
o.s2sÅ}e.
O,752Å}O.
O.739Å}O.

l•il
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)eaEr 2; (Ex T e.821 MeY) i6eEr 4; {Ex = O.995 MeV)

Angle
(e. )

Cross section
  {mbf$r}

Analy:ing pover
   CAv)

Angle
<ee. }

Cress seetSen
  {mblsr)

Analyzing
   CAv )

pever

iilliiilL 1.7soÅ}o.am xtoO
2.s77Å}o.a7e x1oO
2.197Å}O.380 xlOO
t.3seio.3:6 s1cO
;.634Å}O.25g xlOe
i.793Å}O.X8 KIOO
l.5B4Å}O.!87 xtee
t.4oiÅ}o.va2 x:oe
l.191Å}O.139 xlee
7.IZTÅ}o.g37 xto'l
5.191Å}O,753 xlO'}
3.753Å}o.4g7 xlo'I
3.;OiÅ}o,S04 xto-l
2.865Å}O.A50 xlO-
7,23aÅ}o.s3s xto"
6.494Å}o,s7s xto'I
8.e66Å}1.ose x:o-1
7.439s.O,242 Mto•1
G.775Å}O.659 xIe'l
G.807Å}1.li" xto'd
6.063Å}o,S55 xlo-1
5.824so.174 xto'1
5.e86Å}o,657 xlo')
3.e54Å}o.4os xio'1
3.477Å}•e.t56 xlo'1
2.636to.363 xto'i
2.20eÅ}O,304 ilO-1
l.726Å}O,128 xlO'1
1.t38Å}O.116 lilo-1
1.l93Å}O.086 v,IO'1
i,854Å}O.095 NIO•b
2.350Å}o,ns xlo'1
Z.:3BÅ}O.134 xio-1
t.642Å}O.ee3 .10'l
i.04eÅ}e.e7s xlo'1
5.625Å}O.531 Mlo'2
4.0e6to.43s xlo'2
5.413Å}o.473 xlo'2
7,t82Å}e.55e xlo'2
8,54aÅ}e.nl xlo'2
6,867Å}•o.497 x1o'2
5.228Å}o.42o x1o'2
3.247Å}o.2s6 xlo'2
2.291=to.241 xto'2
1,609te.2Gs x1o'2

-O.264Å}e.2S9
 O.197Å}O.190
-e.IIOÅ}O.l94
-C.!30•s•S.2SS
 e.351Å}O.l79
 e.O15Å}O,142
 o.o3eÅ}o.t36
-O.!44Å}O.l2e
-O.289thO.M3
-• O.332Å}O.M9
-e.I08Å}O.t66
-e.222Å}O.I45
-e.47gÅ}o,23o
 O.28IÅ}O.171
 O.058:•O.136
 O,069Å}O,106
 O,288Å}O.I52
 o.oe3Å}o.D41
-O.147Å}O.117
 O,037 =, O.184
-O.044Å}O.10S
-O,082Å}O.037
-o.2eoÅ}o,14s
-O.ITIÅ}e.150
-- g.2T2Å}G.g58
-O.343i•O.156
-O,249SO.157
-o.27oÅ}e.og6
 O,525Å}e.092
 o,T2gth•o,og2
 O.7t8Å}O.05G
 O.488Å}O.e67
 o.37iÅ}o.o7e
 O.:10tO.063
-G.096Å}O.093
-O.029tO."3
 O.821 i• O.leB
 o.es3Å}e.o'r2
 O.922Å}O.e6t
 e.785-SO.089
 o.6T4Å}o.e7e
 O,506Å}O.093
 o.l7oÅ}o.:a6
 e.f55Å}O.t25
 O.490Å}O.142

iiii'li 3.917Å}1.118
5.gt5th1,190
6.:36Å}e.96T
4.448M.O:3
e.t94Å}O.845
4.975Å}O.752
8.430Å}O.834
5.549Å}O.505
4,meÅ}o.etg
5,317Å}e.586
3.TI2Å}O.52:
2.7e8Å}O,597
1.4eeÅ}O.359
G.5it3Å}O.482
t.125Å}O.081
t,769Å}O,125
l,834tO.09T
t.453Å}O,104
9.765i•O.642
A.79SÅ}O.447
3.339Å}O,3g4
3.737Å}O.335
4.450Å}O.439
5.440Å}O.es41
5.468ka.582
3.378Å}O,390
2.561Å}O.292
1.410Å}O.23B
9,S88Å}1,8;1
1.4Z9Å}O.2iA
1.S40Å}e.227
2,625Å}O.354
1,27IÅ}O.190

li
iillilil li 038Å}O.

528Å}O.
247Å}O.
03SÅ}O.
S43Å}O,
137Å}O,
31aÅ}o,
ozÅ}o,
427Å}O.
107Å}O.
114Å}O.
179Å}O,
027Å}O.
521Å}e.
474Å}O.
409Å}O,
397Å}G.
e3BÅ}e.
OIOÅ}O.
:56Å}O.
075Å}O.
50TÅ}O.
72BÅ}e.
S38Å}O.
32t+-O.
e76io.
etgÅ}o,
17ZÅ}O.
es6Å}o.
S74Å}O.
S91SO.
a66Å}D.
gg2to,

11li

lllvb O' elastic IUvb 2' (Ex m O.07S MeY)

Angle
<o,, )

Cro$s seetien
  (rnblsr>

Anaiyxing power
   (Av)

Angle
(e,. )

Cross seetien
  {mblsr}

Analy:ing
   (Av)

pever

iililiigig 1.584thO.O03 Mle4
9,931Å}o.o2s xto3
5,718Å}O.OI6 xio3
3,ea6Å}o.olz xlG3
1,445Å}o.oo7 xle3
6.871Å}o.o3s xfo2
4,192Å}O.025 xtOtt
4.36tÅ}o.o2s xto2
5.948Å}o.o3s xIo2
7.13gÅ}o.o33 x!ol
e,262Å}O.D28 xlOe
8.392Å}o.023 xtet
T.796Å}o.o2s xto2
6,592kO.027 MlOe
5.167Å}O.OIS xlOZ
3.763Å}O.023 xtOtt
2.430Å}o.O14 xlo2
l.415Å}o,ol5 xle2
6.529Å}o.06s xlol
2.728Å}O.Dle xlOl
1.570Å}O.026 xtOl
2.15;to,o32 xlel
3,B3:Å}O.045 xlOl
5.524Å}e,D26 •slGl
6.84gÅ}o,osg xlel
7.750Å}O.OSI xtOl
7.729Å}O.022 xtel
7.5:8Å}D,o21 ptIel
6.selÅ}o,o2g xtol
4.216Å}o.O13 xtol
l.9BaÅ}D.O14 xlol
7.4ojÅ}o,osg xlee
5.424Å}O.063 xlee
7.8B3ko,o65 xIeO
l.el3to,Do7 Mlol
t.o37t. o,oo't Mto:
g.gliÅ}o.o7o xioe
7.52lÅ}O,069 x1ee
4.459Å}O.039 xlOe
2.3MitO,S28 xlOe
I.3g6t. o,o2o x1ee
l.4o3t. o.o2o x1oe
1.579iO.02t xlOe
I.S981O,e22 x1Oe
1.4s3fio,e2o y.1oO
1.o63Å}e,e17 xloO

-O.Q33Å}O.O03
-O.O?9Å}O.O03
-O.136Å}O.O04
-O.201Å}O.O06
-O.274Å}O.O07
-o.241Å}o.eo7
 o.o6oÅ}o.ee6
 O.346Å}O.OOB
 O.380Å}O,O:O
 O.325Å}D.O07
 e.zsgÅ}o.oos
 O.189Å}O.O04
 o.11eÅ}o.oo4
 o.o4'rÅ}o.oos
-O.042Å}O,O05
-- o.iooÅ}o,ooe
-O.24BÅ}O,O08
-- O.427Å}O.Ot5
-O.700Å}O,OM
-o.sg2Å}o.ooe
-• O.049Å}O.02t
 o.eeoÅ}o.ot7
 O.896Å}O,O:3
 S.749tO.O06
 o.s27Å}e,otl
 O.5t8thO.OIO
 O.454tO,O04
 o.3ssÅ}o.oe4
 O.2651-O.O06
 o.e"Å}o.oo4
-o,2fgÅ}o,ooe
-O.331Å}O,OtO
 O.611Å}O,Ot4
 O,964Å}.O.O09
 D.s33to,ooe
 O,754Å}O,O08
 O,638Å}O.O08
 O.442Å}O,OtO
 O.205Å}O.Oil
 o,ooode• e.o16
 o,lg6Å}o.ols
 O,733Å}O.OiS
 O,977Å}e,O12
 O,970t•O.Ot2
 o,sgsle.o13
 o.74ete,o17

liiliiiiit11 t.14oÅ}o,ogg
1,S23Å}O,104
1,A92thO,099
t.4A8Å}O,e25
1,406Å}O.020
1.200Å}O.Ol4
9.520Å}O.l24
7.t69Å}O.Og4
4.613Å}O.091
2.61sÅ}o.o6a
l,310Å}O,042
6,982Å}O,309
8,2e3-ke.368
l.380ke.050
2.Z85Å}O.048
2.925Å}O.072
3.954Å}O.057
4.:82Å}O,082
4,aslto,eso
4,222Å}O.02I
3.614Å}O,e3S
2.903Å}O.035
2.155Å}e.031
1.4t4-hO.Ot3
8.882Å}O.208
5.468Å}O.17G
4.e25 Å}. O.054
a,757Å}O.055
5,691Å}O.095
t.e2gÅ}o,cos
l.38tthO.el2
1.2goÅ}o.oes
9.664Å}O.081
5.333,tO.050
2.804Å}O.037
2.296s•O.034
Z,342Å}O,034
3.150Å}O.040
3.g31Å}O.e3B
d.07IÅ}O.038
3.250Å}O.030
2.176tO,024
l.26SÅ}O.O19
8,4g3Å}O,156
9,303sO,163
l,096Å}O.O18

liii
igiii

liiil1tiigil.iiii'1ij
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LT4yb 4` <Ex = O.253 MeV} MYb 6' (Ex = e. 526 MeV}

Anele
(e. }

Cross seetion
  (Mt)!Sl')

Anaiyzing
   (Au >

poVer Angle
(e,. )

Cross section
  <fiÅ}b/sv)

Analyzing
   (A, )

power

illllliiik'  ,8
1iilill

2,722Å}O.
2.e97Å}O.
3.709Å}O,
2.el2so,
2.993Å}O.
3,575Å}a.
3.2t5Å}e.
2.6I5a,o,
Z.f46Å}O,
2.i44Å}O.
2.079Å}O.
2,043t,e.
t.978tO,
t.984thO,
l.619.t.O,
1,453!O.
1.Z51•sO.
1.e74d•O,
9.562,t.O,
8,31StO,
6.722Å}O.
S,S621.0.
5.38610,
5.7961•O,
7,glsÅ}o.
y.ao3Å}o.
6.24VÅ}e.
4.4t8S,O,
3.I21Å}.O,
2,287Å}•O.
1,964Å}e.
2.34910,
2.515Å}O,
2.781j.O,
2,43'r =+ e,

 1,s rj rJ t- o.

 t.zs5g.o,
 l.09?.,t•O.

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

,lg,iiii  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

o#iilllll, o.esTÅ}o,oTg
O.245 Å}• O.e67
e.2o7Å}e.o66
G,237Å}e,OSI
O.259Å}•O,e52
O.!31Å}O.056
e.e7sÅ}o.ev3
O.033thO.064
e,224Å}e.loo
O,T72Å}O,071
O,090Å}O.tOO
O.;}8,tb.062
O.175Å}O.029
e,312I.o.oss
o,26a,t,o,os2
O,295Å}O,OS4
O.286i},O,e35
O.2•t7i. O.e61
O,317Å}O.079
g,332ii,o.os3
O.38610,03[
o.4en Å}o.orJz
O.5841.e.032
o.s7rJt,e.o"
O,489i.e,029
O,4ss-.s. o,e3rJ
O.36Vt.O.032
O.215.+.O.039
G.230=;e.O,l6
e,364Å}O,052
O,733Å}O,OA2
O.789 :+ O,e37
o.?G2Å}-o.e3z
e.717Å}o,os3
O.51B.f.O,03?
o.Aes,+.o,eri4
o.3s4 .{• o.orj4

e.462i•O.056

ii11ilil ili ,tS8Å}O.
.096Å}O.
,258Å}O.
.358.-,O,
.3G9Å}O.
.oga.to.
.3e9s,O,
.gl6Å}o,
.371Å}O.
.136tO.
.638Å}e.
.61Si,O.
.987=i•e.
,200Å}O.
.757ti,O,
,070rc.
.440 =+ O.
,54'lÅ}.O.
,e7A •.t G,

,23IÅ}O.
.167S.O.

iliiiill UIO-i
glO'Å}

xlO'l
Nlo-l
xlo'1
xlo'1
   -rtle'k
   -xlO'"
xlet
rt to':

xtO':
xio-Z
x1o'2
xlO':
   extO-
   'xtO'"
   extO'"
xlo'2
   exte'"
itto-2
vtO':'

i: 229Å}O.084
230Å}O,t64
l72Å}O.179
:80iO.130
148Å}O.23e
463iO.073
77'lÅ}G,094
601iO.072
622Å}e.090
510th•O.078
412Å}O,088
4sei•o.oge
5e2s•O,113
484Å}O.113
5e5,t.e.117
8e3Å}O,076
ge3t.o,o7s
67GÅ}O,089
536,!,O,103
444S.O,i02
276t,O,126

I?Gyb O' elastic 17eyb 2' (Ex m e. OBZMeV)

Angle
(e.. )

Cress sectlon
  (mb/sr)

Ana!yzi"g
   (Aw }

pover Angle
<e..')

Cross seetion
  (mblsr>

Anaiyzing
   (Au )

pever

i•iiiliiiill1111 iiill .359Å}O,
.374Å}O.
.925thO,
.629Å}O.
.302Å}O.
.045Å}O,
.5t5Å}e.
.538•f,O.
.6?4Å}O.
.844Å}O,
.576Å}O,
.732t•O.
.318Å}O.
.41]Å}O.
.231Å}O.
,104Å}O.
,971Å}O.
.143iO.
,424 i.•e.
,i15Å}O.
,862Å}e.
,550s•O.
.276Å}e.
.747Å}O,
.833 =i O.

.827Å}O,

.X3Å}O.

.968Å}O.
,90S,LO.
,341Å}O.
.421Å}e.
.sot tt e.

.95}Å}O.

.o41-Å}e,

.I35,i,O,

.080Å}O,

.3G5,t•e,

.42es,e,

.276Å}O.

.OT7Å}O,

lii
iiii

iiiliiiilliiii iiilL o27Å}o.ooa
OT2Å}O,O04
123Å}O.O04
197Å}O.O05
262Å}G.O07
252Å}G.OOe
039Å}O.O09
3eeto.oog
382tO.e08
335Å}O.e07
254Å}O.Oe6
:89Å}O.O06
133iO.Oe6
os2Å}e.oo6
o2gÅ}-e.ooT
133Å}O.OIO
264,te.olo
42gÅ}e.oEo
7oeio.o14
84eÅ}O.Oll
851Å}e.e07
728thO.O07
496t.O,D05
294Å}O,e03
osoÅ}o.ee3
:93Å}O,O05
415Å}O.e06
445tO.OIO
971Å}e.O09
s42,t,o.oo'r
6Tj rc.O08
"78Å}•O.OOB
234t•O.OIO
O03t•O,Ot2
1361•Q.O16
672Å}O,Ola
959tO.Oti
97ittO.O09
88ZÅ}O,OtO
T55k.O,et3

ii'IIiii11 iligl"iiiiili1:il 11
lli 'i

li GG7Å}O,06e
044Å}O.04t
tegÅ}o.o33
etgÅ}o,o2g
G3?.to,o2n
O561•O,O2t
f20i,O.02I
!88,t,O.O23
258p,O.032
4eltÅ}o.o44
331Å}O,Oel
l95-Å}O,09e
702Å}o,osro
726t-O,060
503Å}O.04t
49eÅ}O.038
374Å}O,027
388Å}O,03g
223,,;O,Ot7
t5SÅ}O.O17
o32Å}o.eos
254=+•e.O07
235Å}e.Ola
810Å}O.e13
835Å}e.ee9
623LFe.G07
A27Å}e,G07
242Å}O.e07
as4.Å}•e.oog
087.tO.Ol4
4sveÅ}o.esS
889Å}O.el2
871iO.OII
7e6Å}•o,eeg
643aiO,OtG
456Å}O,O12
227Å}-O,O16
177•Å}O.Ot9
541Å}O,O17
807Å}O,O13
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nSYb 4' <Ex = O,272 MeY) Å}76yb 6' <Ex = O.565 MeY)

Angle
(e.Å} )

Cress fieetien
  (mijlsr)

Analyzing
   'A, }

pover Angle
(e., )

Cress sectien
  {mb!sr)

Analy:ing
   {A., >

pover

20.14
2t.t4
22,15
24,15
25.15
26.1e
27,t6
2S.t7
29.l7
3o.fg
32.2e
34.21
36.2:
3S.22
40,23
42.24
44.2di
46,2S
"e.26
50.26
52,27
54,27
ss.2e
58,2e
6o,2g
e2.29
64.30
66.30
ss.3e
?O.31

4.l84-+.o,276 xleO
A.093Å}o,23o x1eO
4.0T7Å}O.228 xtO"
2.997Å}O,t97 xlOO
2.T33Å}O.;82 xlO"
2.290Å}O.204 xlOO
z.2olÅ}.o.t6s xloe
Z."2TÅ}O.2?4 xloO
2,129Å}O.109 xlOO
l.s4eÅ}o.olg xtoO
!,ssoÅ}e.olg xioe
t.254Å}e.el7 M!Og
8.59fÅ}O.IA3 xlO'1
7.oseÅ}e.13z xto'1
6,323Å}e,123 xto'i
6,6?6Å}O.126 xto't
7,038Å}O.126 .v.!o'l
7.2:5Å}.O.127 N;O'l
5.897=io.113 xlo'i
4.494s,O.ogs x;o'i
3.eesÅ}o,o7g xlo-I
2.3S6Å}O.o13 xlo'i
2.069Å}D,oes x1e'l
2.2SOto.o63 xle'l
2.464Å}o.esG xlo'l
2.470Å}e.o64 xlo'l
2,i40Å}o,esg rtto'i
1,616.Å}O.G45 xlO'I
1.242;tO.04o rtlo•1
9,2g7i•o.34G x1o'2

'illg l41Å}O.07g
eseÅ}o.o6g
G55Å}O.080
OG9Å}O.081
:20Å}O.082
G83Å}O.I07
O?OÅ}O.090
orJ3Å}o.l33
091Å}D.Oe3
124tO.O14
189Å}O.Oi4
323Å}O.Ol6
385Å}O.Ot9
496Å}O.020
565Å}O.02t
4e4Å}o.e2e
4i9Å}O.02G
330Å}O.020
283Å}e.022
21SÅ}e.025
3ooÅ}o.e2g
Asgxo,e33
643Å}e.ij32
786Å}O.024
739Å}. O.024
63eÅ}O.026
52510.029
44tÅ}O.030
S29dO.035
562Å}O.038

30.20
32,20
34.21
36,2t
38,22
40.23
42.24
44.24
46.25
"8.26
50.26
52,27
54.27
56.2S
5B.29
60.29
G2.2e
64.30
66.30
68.31
70.3]

:.89?Å}O.068
l.932Å}O.062
l.947Å}O.062
2.oogÅ}o.ess
1.71eiO.05B
1,356i•O.052
1.f98Å}O.04g
1.036i•e.045
9.e53Å}O,447
9.577Å}O.435
7.8StÅ}O.3S4
5.S87Å}O.348
4.915Å}O.322
4.265Å}O.295
4.0tOÅ}•O.247
3.960Å}e.247
3.504Å}O.233
3.f8Gi-O.220
2.83aÅ}O,l91
2.372O,O,177
1,637Å}O,l4i

x;O'I
xto'i
x!o-1
xto'i
xto-i
xIO-i
xto-l
xle'i
x1e'2
xle'2
xlo'2
xlo'2
y.1o-2
x;o'2
x1o'a
ufo'2
xto-z
xlo'2
xle'2
xle'2
xlo'2

O.l73Å}O
o.2eoÅ}a
O.431Å}e
o.4es-Å}e
O.5tStO
e.444Å}O
O.445Å}e
O.562Å}O
O,476Å}O
O.576Å}O
e.479Å}O
O,461Å}O
O.471Å}O
O.588Å}O
O.624=l•O
o.6e.3Å}o
o.gt3to
O.S54Å}O
O,775Å}O
O.577Å}-O
O,475Å}O

.oa2
,037
,035
.036
,038
.042
.e44
.e4s
.os]
.048
.052
,062
.o6e
.ou
,059
,osg
.054
,ose
.059
.D78
.092

l7SYb 2; {Ex = l.26t MeY} l?eYb 4; {Ex ts ].42e MeV)

Angle
(e. }

Cress seetiofi
  {mblsr)

Analyzing
   (Ay >

pover Angle
(ee- )

Cress seetion
  {mblsr)

Analyzing
   (Av )

pouer

I4.l7
16.t?
18.t?
20.17
22.t7
24.T8
26.t8
27.I9
30.20
32.eo
3e.22
38.22
40.23
42.24
44,2a
a6.25
48.26
50.Z6
52.27
54.27
56.28
5B.29
60.29
62.30
64.30
66.30
6B.31
70.31

1.A34to.otg xleO
I.23oio.ots xloe
8.724Å}O.155 Hto-I
5.131Å}O,1!4 xte'1
2.725Å}D,Ds3 xto'i
2.8Z2tO.083 xtO'l
4.401Å}O.le3 xlO"
5.135Å}O,ns xto't
6,O12Å}o.122 xle'i
A,647Å}o,lel nte'i
l.45ZÅ}O,054 xfO' t
e.o7oÅ}o.43e x;o'-
f.105Å}O,047 "tO-t
l.625-.e.05e xle'l
i.notho.oss n;e4
l.790tO.05S xfO'1
t.269Å}O.o4g xle'1
7.127Å}O,3e5 NlO'Z
3.488Å}O,274 xlO'e
3.323,+.O,2sg x:e'2
3.3e5to.276 yte'2
5,a51Å}O,2S6 xlO :'
4.525Å}o.26o xto'2
4.291Å}O,246 xlG'1
2.4e6io,zol ilo'2
l.656.Å}O.i48 Nlo•2
t.320Å}O.132 xiO':
:.302Å}o.12s xle'2

-D,oe6Å}e.
-o,ooaÅ}o.
-O.O02Å}O.
 O.022Å}O.
 O.075t-O.
 O.242Å}O.
 O,23tÅ}O.
 O,250Å}•O.
 O.043Å}O.
-- O,023Å}O.
-O.097Å}O.
 O.3StÅ}O.
 O,640Å}O.
 O,48tÅ}O.
 O.340Å}O.
 o.p-ssÅ}e.
 O.OllÅ}O.
-O.020Å}O,
-O.039Å}O.
 e.T64tO.
 O.949Å}e.
 O.B40Å}O.
 O,S86Å}O,
 O.61BÅ}D,
 O.S44Å}O.
 O.161Å}O,
 O.420Å}O.
 O.564Å}e,

iilLig l6.I7
18.I7
20,l7
22.17
24.IB
26.18
27.19
28,a9
32.eo
34,21
38.22
itO.23
42.24
44.24
46.Z5
48.26
50,26
52.27
54,28
56.2a
58.29
6e.29
62.SO
64,3D
66,30
68.31
70.31

f.SOOÅ}O.068
t.693thO.074
1.9I9Å}O.075
l.639Å}O,e68
1,549Å}O,Oe5
9.474Å}O.499
8.431Å}O.662
S.8e6i•O.662
5.22aÅ}O.774
6,4aSÅ}O.424
8.835Å}O.44e
7.785 =I O.417
3.7Sl Å}• O.2T6
2.E35kO.ZaO
2,032-Å}O.226
2.534Å}O,242
3.718se,297
3.163Å}O.259
2.921•Å}O.25e
f,935Å}O.206
I.4e3Å}O,t57
8,B57Å}1,249
9.239i•1,443
1.021=}•O.133
1.084Å}O.119
l.o41Å}o.]og
?,697Å}l.027

ii
il -o.es2Å}o

 o.o6gÅ}e
 o.o26Å}e
 o.o32gt,o
-O,023Å}O
-• O.222Å}O
 O.034Å}O
-O.028Å}O
 O.200Å}O
 O.370Å}O
 O.344S,O
 O.328,L•O
 O.05TÅ}O
 o.a67Å}o
 o.7ozÅ}e
 O,6lO,tO
 o.se6Å}o
 O,669Å}O
 e.499Å}O
 O.263,F,O
 O.540,tO
 O.449tO
 O,750Å}-O
 1.102tO
 O.812Å}O
 O.558Å}O
 O.915Å}O

lllllil
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1?8Hf e' elastie l7a}{f 2' {Ex = O,093 MeV)

Ang}e
<e,- )

Cte$.s sectien
  (mblsr)

Amalyuing pover
   (Av >

Angle
(e.. )

Cross section
  <mbl,sr}

Anely:ing
   (Av )

pewet

iilk111 t.a33Å}o,eo? xlo4
e.781Å}o,e37 xlo3
5.206Å}o.e26 xlo3
2.G61Å}o,ett xlo3
t,3ssÅ}o,eog xto3
6.239Å}o.e" xloE
4.072Å}O.G32 .!o2
4.069Å}o.o2r" xtoZ
S.199Å}e.o3s nloZ
6.S2oÅ}e.o3o xIo2
7.lseÅ}o.o2A xtoX
rr.336Å}e.o32 flloZ
6.84SÅ}e.024 xtG:
s.e7tÅ}•o.o2s xfGZ
4.66gÅ}e.o16 },toZ
3.192="G.ols xto2
2.18tÅ}e.oll xle2
1.le6Å}o.oos xla2
6.223Å}O.o6s xiel
2.5e2=-e.o3o ,,tel
1,455Å}O.02t xlOÅ}
2,059Å}O.023 xtOÅ}
3,457Å}O.027 HIOI
5.22fÅ}.O,030 xlOS
6,a75Å}o.o3't Kiol
6,91diÅ}O.02t xloi
S,33oÅ}o,ote xlol
4,360Å}O.OIZ xlol
2,037t.o.oeg x1ol
s.27iÅ}o.erJs xtoe
s.i2oÅ}.e,e76 gtoe
4.699Å}O.035 x1OP
s.41gÅ}o.o71 xtoe
6,g46t,e.e4a xloO
9.596.i,e.osl ytoO
e.662Å}e.e4T NfOO
'i.6ooi•e.o3s NloO
4.72eÅ}e.o27 xtoO
2.439Å}e.o2o xleO
;,4eeÅ}•o,ot4 HloO
1.393xO,o14 xleO
j,662Å}iO,OI6 xlOO
1,785Å}O,ol6 li100
1,rJ46t•o,olz ,tloO
T,13si.o.ole vloO

-o.o2tÅ}e.oos
-O.07lÅ}Q,O06
-O,IZ7Å}O,O07
-- O.1S8th. O,O06
-O.254thO.O09
-O,233Å}O.O09
 O,029Å}O.OU
 o,333Å}o.oeg
 o,37gÅ}o.oeg
 O.3:4Å}O.O07
 O.254Å}O,O05
 O.l7WÅ}O.O06
 O.tt8Å}O.O05
 O.G42Å}O.O05
-o.o32Å}o.eos
-o.nlÅ}o.eo6
-O,2'ilÅ}O.O07
-o."gÅ}o.e:o
-O.679Å}O.et4
-O.864Å}O.e16
-O,178;FO.020
 O.623Å}O.e{5
 e.s6sÅ}•o.els
 e.T36Å}O.ell
 G.605Å}O.OIO
 e.463Å}e.oo7
 e.267Å}o.oos
 o,oslÅ}e.oo4
-o,22sÅ}e,ooe
-o,4zs =1 e,o1o
-O.150Å}O,020
 O,448Å}O,Olt
 o.e63te,ols
 O.972Å}O,O14
 O.838Å}O.O12
 O,657Å}O,OIO
 o.4s6Å}o.ees
 o.22sÅ}o,oes
 o.enÅ}o.ol!
 e.to]Å}o.ot2-
 o.67oÅ}o.ei3
 O.950Å}O.GM
 O.961Å}O.el4
 e,sesÅ}o.ol3
 e.762t,O.el3

lillllllkliillli lllii .444Å}O.265 xlOl
.308Å}O,265 x1OÅ}
.490Å}O,17o xlol
.8f7g•O.146 xfet
.e2sÅ}o.ogl xtel
.t77Å}O.084 xlOl
,767Å}O,056 xlOI
,OOtÅ}O.036 xlol
.t74Å}•O.435 xlOO
.533Å}O.325 N:OO
.e09Å}o,o67 x1el
.667Å}o,o42 xlet
.293Å}o.o4B xtol
.S3fÅ}O.046 xtOl
.242Å}o.o4; xlol
,406Å}o.Mn xtol
,156iO.069 xlol
.466Å}o,o4g xlol
.C4lÅ}o,o2g xlol
,536io.otg xtet
.o61Å}o,o14 xtor
,4gGÅ}. e.s31 xlee
.s7gÅ}o.o4s xtoe
,514Å}e.045 xlOe
,S68Å}O.e52 x1DO
.4osÅ}o.o64 xloe
.943Å}O,OS6 M1oQ
.813Å}O,103 MfeO
.4osÅ}o.o44 xlee
.944Å}o,o'tl xtoe
.578Å}O.033 HTOe
,203Å}O.023 xloO
,562Å}O.OI9 MIOO
.058Å}O,022 x1OO
.69tÅ}O,023 x1OO
.026Å}D,025 xlOO
.626Lio,o2o xleO
.805=fo.o16 ntoe
,QsiÅ}e.o12 xtoe
,S52Å}.O.Ogs .]o-b
.290Å}e.G7g xlo-l
,65eÅ}o.os2 "1o'1

 e.oTaÅ}e.
 e.oosÅ}o.
-o.el2io.
-o.gsso.
-• O.U6•Å}O,
-O,277Å}O.
-o,37eio,
-O,40tÅ}O.
-O.O05Å}O.
 O.513=+•e.
 O.676Å}O,
 O.600Å}O.
 O.428Å}O.
 o,3g2Å}o,
 O,28G Å}• O,
 O.t92=+•O.
 o.14gi-e.
 e.os3Å}o.
-O.036ti,O.
-O.ll9Å}e,
-O,t95Å}e,
-O.322Å}O,
-O,148Å}O,
 O.768Å}G.
 O.834Å}e,
 o.6e4Å}o.
 O.418Å}O.
 O.346tO.
 O,223Å}O.
 O,t38 =j O.
 O,026 1. 0,
-o,tolÅ}e.
 e.426Å}O.
 e.885Å}e.
 O.897Å}e.
 o.7sss,e.
 O.641 LL e.
 O,437Å}O,
 O,24f,t,O,
 O,201Å}O.
 o.4gsto,
 e.827Å}e.

llii

i78tlf 4' (Ex .. o.3o'r nev} 1?e"f 6' {Ex ts- O,632 MeV)

Angle
{Se. )

Cross seetion
  {mblsr)

Analyzing power
   (Av }

Angle
(e,# )

Cro$$ s'ection
  <n,bls}'>

Analy:ing
   (Av)

power

illiiili: a,529zlo,lol x;oO
?..16eÅ}e,os4 xloO
1.72gse,oge xtog
1.4ti9tD,045 ,,10e
i.236Å}O.033 xlOe
1.2tlÅ}O,03? xlO"
7.463tO.5G5 xlO'1
4,427•Å}.O.t84 fta-
4,B14Å}e.f65 xtO'l
4.796Å}o,ts3 xto'l
5.430.tO.I52 xlo-l
5.T32Å}o.E'rr" y,tG'l
5.451t•O.3o3 yle'I
5.]85i.o,I3g ,<te'l
4.909iO.265 xtO'Å}
5.333Å}o.264 xto'l
3.742Å}O.tlO xlO'Å}
2,V83IO.l86 zaIO'Å}
l.70g,t,e,e7a x-fe'l
l.a4s.to,e63 H;e'l
I.9g6Å}.o.o67 x1o'l
2.121Å}O.OS9 xlO'Å}
2.10oi,o.os'r ite'l
l,'r85i.e.e53 xlO'i
:,248=FO,e45 xle't
9,555,!.e,32e stO':
'i.90Foto.274 x1O':

e.o71Å}o,o,s2
o,12'r,t-e,o4g
o.o4oÅ}o,oes
o.t24t,o.e4e
O.123j.O,e35
O,l75Å}O,03S
o.ls'tto.eg?.
0,406thOA55
o.5ee/t.o,o"z
o.s44a,o.eso
e.asos,o.e36
O.420•tO.G39
O,461Å}O,067
e.333,t•O.035
O.R30Å}O.07:
o.33oÅ}o.esT
o,26cJ1•o.e3'r
e.2ss.L-o.ess
O.472Å}•O.050
O.736S.O.038
o,7g2,to,e3s
O.736-tO.029
o.6ag,t•o.o2g
e.s2o•1,o.e34
e.399Å}O.e44
e.347Å}e.044
e.3s2 L+ o,oa?.

42.2a
44.24
45.e4
46.25
47.a5
48.26
50,27
52.27
5t.28
56.29
58.29
60.30
62.31
64,3t
6G.32
6B,32
70.33

li 232Å}e.530 xlO':
354Å}1,270 xtO'#
75GÅ}. 2.23o x!o'2
31ltÅ}O.426 xlQ'Z
540Å}1,4so .to-2
95SkO,9tG x1O-Z
442th-O,3Ig nto'2
73?.Å}e,2?8 xtO':
212Å}o,236 xto'2
527=+•O,21l x1o'2
522Å}O.215 xlO':
23gÅ}O.2i4 xlO':
679Å}o.2o2 xfo'2
256.+•o.Isl rtto-2
9E7Å}O.167 .to-2
S78Å}O.1n2 x1e'2
543tO.142 MIO•2

556Å}O.t2a
622Å}.O.2ZO
441 th. O,403
466 LI O.095
a66",O.378
s2e:.e,2rls
4t9 =, O,080
aa4•Å},e.ost
5Mi,O.I05
766Å}O.l29
842Å}O.l34
81g =I O.I50
a73S,O,t17
73tÅ}O,123
617iO.126
488Å}e,10S
543Å}O.132
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1eeUf O' elastie' leeHf 2' <Ex p. o.og3 MeV}

Angle
(e.. )

Cross sectlen
  <mb,/sr)

AnalyaÅ}ng
   (Av)

pover Angle
<e,- )

Cross 3ectien
  <mS..tls-, )•

Analy:i"g
   (Av }

pover

iillliillliilllll' 1.270Å}G.O06 x1o4
7,sTeÅ}e.o31 xiol
4.56eÅ}o.o]T slo3
2.37eÅ}e.e:: xlol
1.IS3Å}e.eo6 xlol
5,63eÅ}O.G30 x1O:
3,638Å}o.o2p- .x1o2
3,838Å}O.e25 F.1eZ
4.9a4Å}o.o22 vlo2
e,o77Å}o.o21 xlo2
6.640Å}O.O19 slOZ
6,676,Å}O,Ol7 MI02
6. 18t "Å}o.on xlo2
5.124Å}.O.O15 slOZ
4.003,tO.O15 xlo2
2,81em e.e16 xlo3
1,Bt3Å}o o" xlo2
9.9t9so.e73 xloi
a,746•s,e.e4s xtol
2,O04Å}e.e21 xlob
1,33aÅ}o.o14 xlot
1,985iO 036 xl09
3.422Å}o.o2g xlob
4,872iO.033 nlei
6.tf3t. O 033 nlO:
6.475tho.olg xlol
5.629Å}.O.O19 MIOI
3,759Å}O,Oi2 xlO:
1.732Å}o.oog xie:
6.473Å}O,OS2 x1OO
A.ngoi-o.o3s x1oe
4,4e9iO.036 li1Oe
6.7tsÅ}o.osl rtloe
9,29f t. O,050 M1O"
6.87et.O.045 NIOe
6,ecrJ3Å}o.o3o xtoe
4.072Å}O,022 Mt04
2.togko.orr xloe
1.selio,o13 Mloe
l.34SiO.O13 lilee
t.584Å}O,D16 ,{tOP
t.678tO,O13 tstOe
l.4egto.om xloe
!.eloÅ}o,olo xTee
6.263Å}o.os't -sto'i

-o,o3oÅ}o,oe6
-o,es3Å}e.oos
-O,14IÅ}O.O05
-e,2ooÅ}e.Do6
-o,zs3Å}o.oo'r
-e.2o3.Å}e,oo7
 e.oe3Å}o.ooe
 o.34e=,o.oog
 O.367Å}O.O07
 o,3osÅ}.o.ooe
 O.243t.O.O05
 o,le4Å}o.oo4
 o.lo4=-e.oe4
 O.032Å}O.O04
-O.057Å}O.O05
-e.lssÅ}e.oo7
-o.2e6Å}e,oos
-o,46sie.on
-e.74t =' o.otd
-o,anÅ}o.ols
 O.112Å}.O,O14
 o.se2so,o21
 o.s2gi•o.oi3
 o,7osie.oll
 O.579Å}O.O09
 O,463Å}O,O06
 O.274Å}O.O05
 O.03?Å}O.O04
-o,262Å}o.eo7
-O,438te.Olt
-O,020 Å}. O.Oll
 O.59lÅ}•e.O11
 e,973Å}O.O14
 e.slo=+-o,o"
 o,63e,te.eog
 o.42s,to.eo'i
 o.isgso.oo7
-O.048Å}.O.Oll
 o.lesÅ}e.o13
 O,76310.013
 o.e4stto.otA
 O.947Å}O.O13
 o,ess.te.o12
 O,723Å}O.OIS
 O,519Å}G.O17

iilliilliileili 8.746Å}O.255
8.227Å}O,f79
7.16SÅ}O.;;O
5.614Å}O.090
4.073 Å}. O,089
2.55eÅ}O.056
1.S08Å}O.038
7.356Å}O.2e4
4.484 Å}. O.Z20
5.077thO.303
8.9G7Å}O.365
1.373Å}O,037
1.867Å}O.048
2.4oeÅ}o.o4s
2.644Å}O.e42
2.695:f O.e36
2.565tiO,e35
2.265.tO.021
1.729tQ.e21
1.347Å}O,ete
B.729!O,f43
5.489Å}e.fOO
3,2o6,so.ea2
3,{59,kO.054
s.egs=, o.es7
8.345t. O.e67
8,452Å}O.059
T,sseÅ}o.oso
6.366Å}.O.e4S
3.749Å}O,03a
1.S83sO,G21
1,378•tO.e4i
1.896Å}e.O17
2,430kO.Ot9
2.731:.e.e21
2,266•te,e!8
1,525tO,Ol4
a.655=, O,112
5,BI2ke.076
5.446Å}e.e7?
6.e662,O.OS4
7,827Å}O.101

111
iiliili  O.e45Å}D.e38

-O,029Å}O.028
-O,084dO,Ol9
-O,O$4Å}O,021
-O,178Å}O,D28
-O.243rkO,028
-O,38tÅ}O,e32
-O,345Å}O.050
 O.099Å}O.063
 o,7t4Å}o.o'r6
 O.60lÅ}O,060
 e,567Å}O.035
 o.4saÅ}.o.o36
 e.3seÅ}o.o2s
 e,277Å}o.ozD
 e.2olto.o17
 O.132thO,Ot8
 e.os7Å}o.e12
-O,059 -!. O.O16
-O,133thO.OIT
-e,2o3Å}o,o22
-e,2sgÅ}o.o2s
•- e.118ki O.O17
 e,B14t. o,o2o
 O.785s,e.O14
 e.596Å}e.Oil
 o,a16Å}o.olo
 O.Z97Å}O.O09
 e.21ste,oog
 o,oosL, e.o12
-e.o6gÅ}e.ols
 o.4se..t e.o27
 O.883t.G.Oi3
 e.s7"i=}•o.ol2
 O.775Å}e.Oi2
 o.6o4Å}o.on
 O,435Å}. e.O12
 O.220sO.O16
 o.ts4se.o16
 o.se7Å}e.ot6
 V.B66tO.Ol5
 O.932Å}O.el5

moHf a' (Ex = O.309 MeV} IeeHr 6' CEx t O.64: MeV)

pm
Angle
<ee. }

Cress. seetion
  {mbfst'}

Analy:ing
   (Av )

pever Angle
(e.- }

CreGs sectio"
  <mblsr)

Analyzing
   {A, )

pOwer

lg.ll
24.14
2e.15
28,16
30.17
31.la
32.18
3it.;9
36.20
3B.21
40,22
42,23
4a,zrf
45.24
46.25
48,25
50.26
52.27
54.28
56.28
58.29
6e.3e
62.3e
64.31
66,3t
G6,32
70.32
72.33

2,4D4so.15ii •ssgO
z,6s3Å}e.f" xleO
2,691Å}o.os4 nloO
2.o3oL+o.o73 .toe
l,6]9Å}o,e47 xloO
;.269Å}O.e71 xleO
I.226;+O.037 xIOe
8.165Å}O.246 xte'1
5.573Å}o,lg2 xlo'b
5.92atho.23o xlo'1
6.082tO.187 xlo-1
6.e29Å}o.P-es xle'l
6,772Å}e.18I MIO'l
6,486Å}o.163 xle'I
5,378..o,us xto'I
3.7TltO,172 it{o-I
2.768Å}O.116 li-to-1
2,e37Å}o,ege xno'l
2.067e,O,059 xlo•1
2.06],}.O,057 xlo-1
2.a83ao.o6s xio't
2.l62so.OSg xlo'I
2.IOS•Å}o.e53 xlo'i
1.570to.os; xlo'l
1,2e3•j.e.036 yIO'}
8.812j.o.323 xlo'2
7,775Å}O.295 xlG'2
T.928Å}o.343 xIo'2

e.288Å}O,084
O,086•Å}•O,053
g.o31Å}o.e4o
o.o44Å}e.o47
o.os6Å}e.oa7
e.043 :E O.e71
e.191,tO.e37
e.314Å}O.039
O.571Å}O.039
O.566Å}O.042
O.S07Å}O.035
o.47e =+ o.o34
D,375Å}O.034
O.228Å}O,031
O.172Å}O.034
O.t22Å}e.057
e.112j,o.os3
G.334Å}O.e56
O.S18Å}O.032
O.814•Å}O.027
O.795iO.029
o,6egso,o2g
O.6t2Å}O,OZ9
O.437Å}O,038
O,374tO,03S
o.37aÅ}o.o44
O.604Å}O,O"
O.748Å}O,041

42.2G
44.24
45.24
46.25
4S.25
50.2fi
52.e7
54.28
55.2B
58,29
60,30
62,30
64.3t
66.3t
68.32
70.32
72.33

8.7g4 Å}• O,507
7,939Å};,250
7,542iO,453
e.?7SÅ}O,349
5.959Å}t.340
4.436.Å}O.339
3.960Å}O.24e
3.265Å}O.308
3.305Å}D.216
2.857Å}O,203
3.637Å}O.259
3,094t.O.2e6
2,603Å}O.2GI
2,22gÅ}e.la4
].791Å}O.13i
l.425Å}O.132
l.098Å}O.SZ2

xtg'2
x1o'2
xto'Z
xto'2
xlo'2
.t 1e-2

s1e'2
xle'2
xlo'E
x1o'2
x1O':
xlo'2
xto'2
xIo'2
xlO•X
x1o'2
xlo'2

e,3rJss•o
O.34TÅ}O
O.515Å}O
O.302Å}O
O.224Å}O
O.228Å}O
O.271Å}O
O,329d•O
O,720i. O
o.sosÅ}e
O.62BÅ}O
O.714Å}O
e.657Å}O
o.assÅ}o
O.S23Å}O
e.362=FO
O.539SO

,072
.161
.079
.064
.333
,tel
.078
.126
.OS9
.1OO
.099
.ege
.113
.086
.tee
.126
.389
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tacw o' elastie ieev 2" {Ex r- O, Ioo Mev>

Amgle
(e.. )

Cross section
  (mblsr)

Analyzing
   (Au)

pover Angle
{e. )

Cross secLion
  {mbfsv}

Analyzing
   (Au )

POver

ilillilkill 1.499Å}o.oorJ xfo4
9.346Å}O,024 xlO:
5.361Å}o,ou xto3
2.972tho.oog xto3
t.44sÅ}o.ooe xlo:
7.088tho.o3o xro2
4.325Å}e.02t MIOZ
4,295iO.02e K1O:
5.462Å}o.g22 xto2
6.640Å}O,025 x:o2
7,441Å}O.021 xfO:
7.496Å}o,D2o xto2
6.9S9Å}O,O14 xlOt
5.90iÅ}o.o17 xfo2
4.6S2Å}O.OIO xfO!
3.298Å}o,otl xto2
2,10GÅ}o,oto nto2
1.186tO,O08 xlO:
5.4AlÅ}o.o43 xtol
2,414Å}O,027 rttol
1,687iO.o27 xfol
1,52tÅ}O,O19 xtOi
2.20tÅ}O,021 xlol
S,OS3Å}O.032 xtol
3,767Å}o.o2? xtol
5.37gÅ}o.o34 xlol
6,73gÅ}o,o3'r xtQl
7.440Å}O,02Z MtOÅ}
T,733i•o.o3s ntol
6,912Å}O.o13 xtol
5.690Å}O,030 lifOÅ}
#.427Å}O,Oll xlO:
2,277Å}O,O06 xtOt
1.296S,O,Oll xtOÅ}
7.804Å}O.048 HtOO
5.0SOIO,036 xtOO
7,92tÅ}O,052 xtOO
9.433Å}o,o7e xtoO
t.OrJ6=+•o.oo4 xtol
t,OT4Å}O,O05 xlOt
S,358i-O,032 xtOO
4.859iO,022 litOO
3.534Å}O.027 xtOO
2,630,tO,O17 xtOO
t.530tO.O13 xtoO
1,564Å}o.ot2 gtoO
1.9t,lÅ}O.Ol5 utoO
2,043to.et2 xioO•
1,7e3i,o.o12 v.:oO
1.26SÅ}o.oeg x1oO

-O.034Å}O.O04
-o.e76Å},e.eo3
-e.l28kO.Oe4
-o.lg2Å}e.oo4
-o.244Å}o,oorJ
-O.222Å}O.O06
 O.042Å}O.O06
 e.312Å}e.oo6
 o,36tÅ}e,oo6
 o,313Å}e.oo6
 o.2slÅ}o,eo4
 o.!s3Å}o.eo4
 o.noÅ}o.eo3
 o.o32Å}o,eo4
-o.o47Å}e.oo3
-o,laoÅ}o.oos
-o.2goÅ}g.oe6
-e.47sÅ}o.oog
-O.753Å}O.Ol3
-O.884Å}O.el5
-O,538Å}O,e2t
 O.Q58Å}D.Ol5
 o.esoL} o,ot4
 O.883Å}O,ON
 O.859Å}O,Ot2
 O,713Å}O,OtO
 O,5?2Å}O,O09
 o.4esd•o,oeG
 O.371Å}•O,O07
 O.278.+,O,O04
 o.1s4Å}o,oee
 O.046Å}O,O03
-o.2aÅ}o,oe4
-O.404Å}.O,Oll
-o,"7Å}•o,ooe
 o,"6j.o,oug
 o.gre7Å}o,o13
 o,g16Å}o,o13
 o.s36Å}o,elo
 o.626 =l o,ooe
 O,434Å}O,OOG
 O,l54Å}-O.OOS
 O.031Å}.O,O09
-O.05BÅ}O,O08
 O,i63iE, O,OIO
 O,716SO,Oll
 O.952te.et3
 e.949Å}e.Ol2
 e.8ri8i•O.el2
 e.7ooÅ}o.ole

illl 6.osoÅ}o,34I xtel
s.24oÅ}o,2el xtol
5.I4oÅ}o.}s4 xTol
3.9iS,tO,068 xtOI
2.603LIO.051 stOl
t.549,1,o.o4'r xlQl
8.E33tO,272 xtOe
5.I04tO.237 tloe
5.49as.o,lss x.ioO
8.790Å}O,2'T4 -xtOO
t,443Å}O.Oa4 k,10i
t.e26iO.032 tt10i
2.41G,f ,O.035 zaloT
2.65g.te.o3G rtlot
2.745i•O.033 v.101
2,5SB,t,e.O?.7 •s.ioi
2,412s/e.o32 u.lo:
2,265,te.o23 xlol
1,so7to.olg ulel
1,570tO.022 xtOt
1,331,l,e.o]s ,{Iel
9,101Å}e,I36 yleO
5.373Å}o.fe2 nteO
3.27tÅ}o.Oa2 xtoO
2,749g.o.o76 vtee
3.014,l,O.e28 xIOe
4,37'lk.O.e96 xtOe
5,936Å}•o,o4g nloO
8.295tiO,04? xlOO
s,g?.gÅ}o,egl xloe
s,74oÅ}.o.es4 xloe
e,783:, O.041 xlO-
3.srJgs.•o,o?.s f1oe
2.752io,o3g xloO
2.0i9to.ote ,,loO
1.4eoif,o,o16 xloO
t.e2rJ.t o,ols xloO
2.n3rJto.olg xloO
2.7e'r,L•Q.o2e i"oO
2.666j,O.O19 y.]OO
e.3esio.o16 xloo
t,eo,",,o.o12 li1oO
e.1'rh,o.ogs t1o'i
5.994,te.063 klO'Å}
5.7';lf•,o.06ro ..so'i
7.1s5 f. e.o'io xlo'l

 e.o13i.o.o6B
 o.oo4t•e.o.Bo
-O.124Å}O.037
-o.:soi..o.e22
-O.2SS:tO.024
-e.3oGÅ}o.o3s
-O.330i•O.04i
 o.orJoÅ}1o.orJ6
 O,5561.•O.040
 O,634Å}O.e35
 O.542Å}O.e2I
 o,46aÅ}o,olg
 O,364Å}O.O:7
 o,2g6ito.ol7
 o,2eei,o.eu
 O,132Å}O.O13
 O,095sO.O17
 o,e't ta.e.oi3
-e.o21•s,o,o13
-O.09U,O,Ot7
-o.tti t• e.oi4
-e.263,;,e.Ot9
-o.2ao,t,o,o24
-e.t57Å}O.O16
 e.298Å}.O.031
 o.T2gs,o.eT6
 e.szsj,o.o23
 O,783 ,t,O.O]3
 o.6ooÅ}.o.eog
 e.4gaso.o:3
 O.42'1,,,O,G08
 o,22'Ttio.ee7
-O.O:Ot,O.O09
-O.044 t, O.O!7
-o.le3 i,. o,elo
 O.429Å}O.Ol3
 O.8a3t,O.OI2
 O,8B4a,O,OI3
 O.828s.iO,OI3
 O,76S Å}. O.Oll
 O.6lOs,O.OIO
 O,429Å}O,OIO
 O.l92iO.O{R
 o,t7•ti,o.oa2
 o,rozO e. O.O13
 o,sog.Le,elz

lettw 4' (Ex = O. 329 NeV> teev 6' (Ex y O, 68! MeV)

Angle
(e,. >

Cress secLion
  (h+blst')

Analyzing
   (Au )

pover 'Anele
 (e. )

eress $ection
  (rablsr)

Analy:.Sng
   (Av )

pover

i:•ft.'ii:• 3.226so.125 xloO
3,086Å}O.127 xlOe
2.707=IO,e45 tr100
2,59"/o,1to yieO
i,46t•s..O.eBG v.tG"
I.43i,t,o,o'r3 y•to"
l,032t,O,032 ,tlO"
9.880i-O.48s x:O't
8,204Å}O.2X xlO't
7,439,ro.4ZI glO'i
v,o6gÅ}o.lgo uto'+
7,oos,{,o.f2s ,u.Io-l
7,OOO.iO,3gs xfo-I
7.607,Å},o,ls5 v.te'i
7,974k-O,145 HtO-I
7.134Å}o.27't rie'l
7.592tO,166 },to-l
6.4G4,+•o,12s xlo'I
A.7e6Å}o.lo3 trte'l
ij.060kO,153 vlo-I
3.393.to,o67 xlo'l
2.466t,o.o6'r x1e'l
2.:72Å}O.os4 ,{lo-l
2,l62t.O,os3 xto'l
2.23lto,o'i2 x1e'l
2.336i•O.057 x1e'l
2.322I.O.053 NtO'1
2.og4,i.e,odi xlo'1
t.526iO.040 EIO':
1.t6S!O.028 xlO'1
9,602Å}O.262 "10':
8,93gl,O.2n4 xlO':

-- e,oalÅ}o.o4?
-O,063Å}.O,051
-e.o22so,o2o
 e.eo7Å}o,os2
 G.194•1,G.OTg
 e.tBlt.O.063
 o.ls6Å}o,o3'r
 e.237Å}o.o6a
 e.351t,O,033
 G.4i5 ,. O.062
 o.ro23Å}o.o2e
 o.6o3j,o,o2a
 e.T09,tG.05G
 O.567Å}.e.025
 O.451•tO.020
 O.443iiQ.e45
 e.3sos.o.e2s
 O.238f.O.OZ3
 O.216.t.e.e2'5
 e. i6'" o, e.t ro
 G,l91 i+ e.e23
 o.42ss.o.e2g
 O.656Å}•O.024
 o,B27Å}.e.oz?,
 O.846Å}e.029
 O.V83 Å}. O.022
 O,660,}iO.023
 O.535,LO,e23
 O.3S3i.O,026
 O.35G,j.O.O27
 O,328kO.03I
 O,56#t,.•O,O27

40.22
44.24
46,24
48,25
50,26
52.27
54.27
58.29
60.29
62.30
6E.30
66.3I
68.31
70.3Z

8.00BÅ}•O.929 xfo-X
7.6S2Å}O.661 xlO-2
e.367Å}o,6eg xto-2
5,77tÅ}O,298 xlO':
4,G20t,o,atz v.to':
3,562Å}O,200 x1O':
2,8tOÅ}O,15S xlO'!
2.805Å}O,154 xlo•2
3.t66Å}o.ls6 xlo'2
2.B3eÅ}e.14s xlo'2
2.454Å}O.133 MIO-2
2.f09Å}e.lo3 !to'2
t.674Å}o.Io4 xte'Z
1,492Å}o.og2 xlo'2

o.agoÅ}o
O.466Å}O
O,337Å}O
e.13sÅ}o
e.2aoÅ}o
e.286Å}O
e.634Å}O
O.T41Å}O
O.690Å}O
O.TI6d,O
O.533Å}e
o,a'n Å}o
O.302i•O
O,480Å}O

.t22

.I03

.ego

.e62

.t26

.06B

.062
,060
,073
,053
.06t
.OS5
.075
.e73
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IeeW 2; (Ex = l,22i MeV) teev 4; (Ex =• 1.443 MeV)

Ang}e
(e.. )

Cress seetion
  (mblsr)

Anaiy:ing pever
   (Ay)

Angle
<e.. )

Cro$s sectien
  {mt)lst')

Analyzing
   (Au }

pever

,ia
iilllS'

2.t65}o.2" xloe
2.402Å}O.245 xlOe
2.j72Å}O,139 xtOO
2.126Å}O.234 xlO"
1.7S7tO.106 xlOO
l.482Å}O.I05 xlee
;.es4Å}o.o74 x1eO
8,979Å}O.768 xlO"
6,o37Å}o,s4e x:o"
4.769iO.4t4 MIO':
3.9g9.i.O.359 xle-1
3.174Å}O.247 xlO'I
4,07TÅ}o,397 Hlo-l
4.710Å}O.302 xSO'i
5,950Å}o,414 x;o'1
8.:6eko.eg2 xle'1
6.7e9te.3s2 ,,le'1
3,383iO.215 y,IO-
1.941Å}O,133 xlo'l
t.77220.053 HIO'i
;.IO!io.leo xlo'1
i.oieÅ}o.o42 x!o"
1,613-Å}o.os2 xto'l
2.960so.oeg xlO"
2.589Å}O.058 xlO'I
t.529ao.o4g xlo'1
9.73T•ito.2T6 xle'2
4.742Å}o,22o x:o'2
4.57eÅ}o.1go x1o'2
s.g6gx,•o.23o ptlo'Z
7.di62t-G.2s6 xle'2
6,988thO,231 Ato-2
4.5t2Å}o.17s v.:o'2
2.V07Å}o.tfs xlo-2
:.879iO.Ie7 x1O' Z
1,97tÅ}o,:oo xlo'c

 o.t3iÅ}o.12g
 O.070Å}O."5
 O.024Å}O.075
-O.129Å}O.124
-O.046Å}O.07t
-O.1;2Å}O.G90
-o.ogBÅ}o.ose
-O,072xtG,098
-O.IMÅ}O,103
 O.044Å}O,101
 e.!6BÅ}O.IG3
 O,206Å}O.089
 O,278Å}O.10S
 O.t57Å}e,075
 o.231Å}o.e6e
 o.24oÅ}o.tee
 o.es6tho.e6t
-O.167Å}O.075
-O.D73Å}•O,e82
-O.II6tO,036
 e.os3Å}o.teG
 O.296Å}O.e48
 O,674•Å}O.03I
 O.445Å}O.026
 O.320Å}O,02S
 o.e27Å}o.o36
-O,135Å}O.e34
-O.051Å}O.055
 O.453tO,045
 O.SOOÅ}O,031
 O.682•S•O.034
 e.slDÅ}e.ess
 o,36aÅ}e.o44
 o.2teÅ}o,osl
 O.301thO,065
 e.6ssÅ}e.ese

16.13
;7.13
la.13
IS.I3
2G.IO
eo.t4
2j.14
e2,14
23.15
24.15
25.t5
37.20
88.22
4e.22
42.23
44.24
fie.25
50.ZG
5e.2G
54.2'7
56,27
5B,28
60,28
62,Z9
66,29
fiS.30
7e.3o

8,97Z;if3,334
f.40gÅ}O,345
1.I24i. O.279
1.3TlÅ}O.321
2.n451.•O.Z"I8
1.071Å}O.277
1.Ze8,Å},e.22G
t.Ol7Å}e.174
1.06eÅ}e,165
t,;50tO.220
9,t02tl,di61
5.895,s.O,760
5.i45is.10.301
3.758tO.2'i6
1.96l,l•e.189
1.547il O,182
2,770.l. e.393
2,952 •,F O.152
2.l63sO.l48
1,565.iO.:lO
8.793sO.85e
7.348.}O.T5'i
7.070,l O.83a
B.3{OiÅ}e,793
1.008iO.072
8.622iO,743
6,S39.iO.579
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ileli
il

igi,O02i•O.358
.Z3e ;F U.a74
,1o6 k• e.zrJs
,049,te.2a3
.oa4 •kg o,t2g
. 336.,' O . 2S9

.062Å}O,16B

.l34Å}•O.l88

.:gg,to.:To

.083Å}e.207

.l3tt•O.179
,4soj. o.t4e
,26B t. O.e68
.26S,1O,eBl
.068j.O."O
.349.}.O,l2S
.a73,tO.;5i
.6DO,t,O.052
,321,I O,07S
,lsro l. o.oso
.1Iei•O.1t1
.415iO,tle
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.72s,!o.o6'r
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.484Å}O.09t
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l.935z,•o.oo'i yio'l
1.Z19•1.0.002 xlO'
7,26"Å}o,olg •s1o3
3.821t.o.ol3 ..le3
2.e42se,oo'r •,1o3
8.98kO.048 sc10U
5.666to.o22 v1or
5.770Å}o,o23 x]e2
6.969to,o24 H1o2
8.67l•Å}o.o2T •xIe2.
g.46eÅ}o.o23 vto:
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s.758io.ote xlO;
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2.025.Lo,023 ,do1
3.1191.0.029 xtO:
5,167Å}o.e3s v.tol
7.4o6ve.o4D x!el
8.9Z3.tG.G45 .-,iO}
e.v411o.o24 xloi
8.434tO.O17 xie:
5.369Å}O,Ol3 xlO:
3.816y.O.023 xlOl
2.478,t•o,eos xlel
1.53ate ols xlol
g.3rJgjo.os2 x1oO
6.S93t. O.Os2 x1oO
6.61oto,o42 vloe
t,e33!•o.oorJ ptlol
l.255Å}o.ole ,tloi
1.405te,oo6 ,tlol
1.4a5t.o.oog xlol
1.346.t•e.oero xto`
9.868iO,035 ,,tOO
s,'r42io.o2s x1eO
2.855to.en vtoO
1,89.63o.e2o xloO
2.t31tO,O16 .tSO"
z.spese.olg yloO
Z.604sO.O16 y.100
2.lvoso.o13 .leC
1.485Å}O.Oll xlOO
8,96aÅ}o.ogo xte'l
5.5S3Å}e.069 ylO':
4.971Å}o.oT6 xfo'i

-o,orJ3.Å}o,eos
-o.o6s.t.e.oo3
-o.H4,+,o.ee3
-e.Iss,io.oos
-o.23'r,f.e.eos
-o.2osi"o.eo'r
 o,el7,to,eos
 o.321iÅ}o.ee6
 o.3s4•I.o.oef)
 O.30Bi.O.OD5
 o,2ae, ,t o.oo4
 O.1701,O,O03
 D.te6 .+ o.eo3
 o.oz3•Å}o.ee3
•e.orns ]. e,oo4

-e.162 t, o.oo4
-O.293.i.O.O06
-O,5tO.t.O.OOB
-O.751a,O,OII
 O.226,+O.eM
 o.es4•l,o.eln
 O.837Å}O.OS2
 O,684.tiG.OtO
 o,ss},Å}.o.eoe
 o.4a3i,o.oee
 O.243iO.O03
 o.o2o•s.e.eo3
-o,11t.Å}e.oo7
-O.2S6Å}O.O05
-- O,407.t,.Q.OI3
-o.3g7to.ees
 o.e36t.o.ols
 e.6s2.z.o.olo
 e.9G2•tO.el2
 o.go3ie.o13
 O,7S3t,O,Oll
 o.6g4•s'.o.eIo
 o.so3io.oes
 O.381Å}.O.O06
 o.12B.to,eo6
-O,087i,O.O08
 o.26eÅ}o.o13
 O.S2210,el2
 O.97l•Å}O,OI3
 O.933Å}O,Oi2
 e.s17I,o.oll
 e.649Å}O,Oll
 O.4tSÅ}O.O12
 o.3t2s-e.ols
 O.486Å}e,O18

iiii! 9.71aÅ}O.258
8.684Å}O,190
4.226Å}O.1e4
2.914Å}O.OS6
1.6aoÅ}o,o"
8.752Å}O,301
6,722thO,193
S.804t•O,236
1.oaTÅ}e.o32
l.600Å}O,033
2.276Å}O.D34
2.672f.O,039
3,064Å}O.033
3.T43iO,033
2.516iO,02G
f,938Å}e.02t
t.3g3iO,OT9
9.240Å}e,t30
5,386,ke,tl2
3,4531iO,e42
3.524iO.038
6,909Å}O.057
S,412;,.O.lf6
9.548,tO,OSD
1.e35Å}O.O13
1.elsio.eo6
8,946•k. O.e99
7.203-.FO.e4I
4.217Å}O.029
2.799Å}O.044
2.0S7Å}O.020
1.558Å}O.029
1.539sO.Ol6
2.a5620.018
2.880rkO.e23
3.052i•O.021
2.so7Å}o.e24
t.7t6Å}O.O14
9.821Å}O.104
6.2ZÅ}O.073
s.4sBÅ}e.o'ro
8,28TÅ}G,087
9.530Å}O,097
g.o2o.e•e,og3
6.909:liO.Og3
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O19Å}O.e27
l81tO.031
265Å}O.024
350iO.033
409Å}O.044
122Å}O.037
542•LO.039
630Å}O.036
596Å}e.027
420Å}O.O19
374Å}O.Oi9
267Å}O.Oi4
202Å}e.Ol3
038sO.Ot3
04tÅ}O.O14
133tO.O17
247ie.OIS
244Å}O,027
13SÅ}O.O16
783Å}O.O14
794Å}O.O12
670Å}e,O16
61ose.olo
513=I O,O15
443Å}O.Oe8
339Å}O,Ot3
205Å}O,O07
elsÅ}o.oos
lt3sO.O:9
og7Å}o.ef2
l37Å}O.023
a72Å}.O.Ol2
se4Å}o.ei3
859Å}O.e13
734Å}.O.Oli
588Å}O.e12
370Å}O.OtO
s76eo.o13
21tÅ}O.O14
617Å}O.O13
8Z8Å}e,O13
899Å}.O,Old
B62Å}O,Ot4
7esso,ols
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Å}caV 4' (Ex y- O. 364 HeV) 1utV 6' (Ex = O,7a8 MeV)
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iilli111i 3iiilsiilll 4.os2ko.tte v.soe
3.a"Å}o.l" xloe
3.S88Å}O.089 x1OO
3.ot7Å}e.o63 xloO
2.sglÅ}e.o4s xloe
2,assÅ}o.Ioa x1oe
i.Ao6Å}o,o4a xlo"
1.t37Å}O.024 n1OO
9.754Å}O.32A ytO"
8,g55tO,22a x1O"
9,747Å}o,2oa xlo'l
9,298Å}O.t79 x1O't
9,S17Å}o.2e6 xlo'l
t.O09LlO,041 x1OO
9,938Å}O,17s x1o'l
9,667Å}O.410 xlO'Å}
9,S64Å}O,184 MIO-l
e.394Å}o.3Ts xlo'I
7,052ui.O,134 xte-
5,416,}-o,loT xto'I
4.32ito.172 xte'I
3.8raÅ}O.e85 ittO"
3.2XÅ}O.i34 xtO'l
2.926+-e.C69 v.le'I
2.757Å}o,e6o xlo'1
2.gtGÅ}o.ov xlo'1
3.e25Å}e.G63 xle'I
2.763Å}e.o7g KTo'1
e."4Å}e.es2 xto'1
1.744Å}e.e44 xlo'l
1.3eIÅ}e.o33 x1o'1
t.072Å}O.02s xlo-1
1,027Å}O.029 x'10'i
l.079iO.032 xlD-l
1.t39.tO.032 xlo-l
g.823=iO.347 x1O'a

-Q.o32Å}s.g3e
 o.oeIto.o35
-o,o"Å}o.e3o
-O.047tO.026
-o.olGÅ}o,e22
-O,tG7Å}O,050
 O,196Å}O,037
 o.3egÅ}o,o26
 e.431Å}O,039
 e.532=+O.029
 O.637Å}O.OZ3
 o.6o7Å}e,o22
 e.4soÅ}o.o23
 e.489Å}-O.045
 O.A22Å}e.021
 O.332Å}O.049
 e.328SG.02Z
 O.23iÅ}O.045
 O,237,}.O.022
 o.lszÅ}e.o24
 O.253Å}O.047
 o,24ss,o.eas
 o.a2s,}.o,e46
 o.s22=,-o,gzs
 o.72gt•o,oa2
 O,82Ss.O,021
 O,?4tÅ}O,02G
 O.626Å}O,030
 O,A53Å}O,023
 O.350i-D,O?.9
 O,376i-O,029
 e.47tÅ}O.029
 O.659thO.033
 e.885the.027
 O.887Å}O.07.6
 O.846Å}O.033

41.22
42.22
46.24
48.25
49.25
SO,26
52,26
54.27
56.28
58.2e
60,29
62.29
64.3e
66.30
68,3t
70,31
72.32
7G.32
76.32

1,3S4Å}O.192 •HIO't
9,385Å}O,7s3 xlo'2
7.6o7Å}o,63o xio'e
5.470Å}O,563 x1O"
8.54gÅ}t,loe xlo'2
4,5x Å}o.2zo x:o'2
3.e44Å}O.519 ulO'Z
3,409Å}e.l83 Nle'X
4.823s,o,241 xto'2
4.282Å}O.2i6 Klo•2
a.556Å}O.365 y.1O':
3.3I5Å}o.17e xlo'2
2.8Sij,o.I6d xle'L'
2.33gÅ}O.{24 xlO':
t.9Ss.to.Io7 xio-2
1.943thO.123 xSO':
2.oezÅ}o.14g xlo'Z
2,241t.o.154 y,:o'2
2,:85io.2e7 ,to-2

g.299,te
O.l76tO
O.t93ttO
O.2291,O
O,325,l•O
Q.874Å}e
o.s'loÅ}e
O.832Å}g
O.729tO
o.7s6se
O.687Å}O
O,S91 i- O
O.402Å}O
O,234 xd O
O,259 i• O
e,557tO
O.TIIÅ}O
O.688S,O
O.V42Å}O
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.loe
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.108
,21t
.orJ6
.245
.059
.oss
.063
,i04
.062
,068
,064
,OS6
.077
,093
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Angle
(e.. )

Cross section
  <rabfsr}
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'lilliii 2.760Å}O,217 if100
2.3sa=+•e.1so xtoO
Z.447Å}e.l41 xtee
2.309Å}O.tl3 xlOe
2,047Å}O.t56 x1Oe
1,939Å}o.1e2 x1oO
i,660Å}O,095 x1OO
1.168Å}O,071 x•lOO
8.21TÅ}O,581 xlO"
5.260Å}o,36'7 xfo'l
4.527LFe,268 xle'{
9.A"tO.lso xlo'i
8.25BÅ}O.4oo xio't
6.423Å}o,t66 xto'1
4,764Å}O,t28 ylO'I
3.B02Å}O.116 xto-t
1.S3idi.O,o6o xto-l
2.7:3to.o6s xte'l
2.9?3S.O.e69 xle't
Z.ID6iD.e$6 xtS'l
2.088iO,o4s xloA
1,100.LO,036 xlo-1
5,1231.0,202 y,1O'Z
5.SSOdo,2o3 xto-2
T.S861e.274 xlO'U
g.07oÅ}o.263 "io'2
e,966Å}o.4o6 x1o'2
7,260Å}O.235 x1e'Z
4.572Å}O,IS6 tr10':
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 O.145Å}O,090
-o,oe1Å}o.o6s
-O.020Å}O.068
-C.C06,t•O.059
 o.elg-Å}o,eg2
 O.074,tO,062
 O.OG8-HV. O.069
 o,oelte,o7a
-V.OIVj,O,084
-o,og6Å}e,osl
-O,190Å}e.069
 e.os7Å}o.o23
 e.oloÅ}o.ess
-o.aszt•o.a3t
-o.te2.l,o,o32
-o.e73Å}•e.o36
 O.7I5s,O.033
 O.S44:f -O.027
 e.364ti,O.G27
 o.1go•so.o24
 o.osgÅ}o,oe6
 o.oe4,te,o3g
 O,05!Å}G,047
 O,80tj,o.o3ro
 e.e64Å}o.o3o
 e,74gÅ}o.e2s
 O.59jÅ}O.046
 o.4osi•o,e37
 O.177Å}e,048
 O,I35i,e.orJ4
 o.293to.ero't
 O.75ZÅ}O.046
 o.sg4,t•o,oa3
 o.e34,to,o43
 o.eDBi- o.os1
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19.13
2e.i3
2t,14
22,td
23.14
e4,15
34,20
35.20
36.21
38.21
4e,24
50.25
52.26
54.2fi
58.27
eo.2s
62.26
64.29
66,29
66,29
7e,3o
72.30
74.30
76.30

1,681Å}o.37z xlo'L
2.013-.L.O,33t xlo-l
l.7B4Å}O.308 xlO-i
1.693Å}.O.Z07 x{O'l
t.7t8Å}O.Z20 xlO':
t.507Å}o.t73 xto'1
t.d20Å}O.228 xiO'1
6.437Å}e.5e7 klo'2
7.42sÅ}e.57s xlo'2
7,7a7Å}O.39; xlO'Z
7,040Å}O,4Sl xlo-2
2.89oÅ}o,t72 xto'2
3.381tO,176 xle'2
3.3e6i,,o,163 xlo'2
2.a59Å}O.IS6 NIO':
1.16sie.Ie6 xlo'2
t,04oie.t62 xio'2
1.093Å}e.og: xlo'2
1,349.1.o,1ea nio'2
1.2t53so,os4 x!e'2
j.lo3jo,orls NIo'2
9.2ezÅ}o.72s xlo'3
6.e82,•o.714 xto'3
5.327Å}e.636 ylO'j
a,434Å}o.6ss xlo'3

.048tO,239

.esgso,tso

.037LtO,191

.oesÅ}e.137

.053sO.IA6

.IS6Å}O.f2?

.ogaÅ}o,t76

.Z28Å}O,t03

.327Å}O.O?6

.32gÅ}O,e58

.391•Å}.O,073

.446,l,O,066
,375Å}O,OS8
,4I3t•O.055
.246,tO.07G
.s4ei-o.eg6
.di43iO,le3
.612 Å}. O,084
,534,t,O,079
.55ekG.072
.545S.O.072
,so3,{e.oe3
.414tf.,e.ll5
.35H,O.t30
.524Å}O.157
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Imos e' elastie 1enOG 2' (Ex = O.Z06 MeV}
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Analyning
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Analy:ing
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111iiiilk,' ,O i,682 =+ e.O05
1.ogsÅ}e,oe3
6.eA8Å}O.Ol9
3,98aÅ}O.et6
2.oe6Å}e.oe3
1.o73Å}o.oes
5,262Å}O.e:5
3.2eoÅ}e.o{2
3.066Å}O.Ol?.
3.548Å}O.O:4
4.4S2Å}O.Oi5
4,g{6Å}o.ol6
4.geGke.Oll
4,5g9.t.O.Oll
3,826sO.OOT
3.a36ko.oce
e.lo2j.o.oos
t.370.tO.O04
7.2e3so.033
3.526,L•O.023
t.373!.O.O13
9.370tO.07B
1.629 i. O,Ot2
2.72SÅ}-O.Ot6
3.998Å}•O.O18
4.B83Å}O.021
S.Z95Å}O,O19
4.713t.O,O15
3,044.t.O.OIO
1.392•sO.O07
4,as'rto.o34
3.S83t,O.026
s.geoÅ}o,o37
S,Z26 x+ O,O47
8.21S,s,O,039
6,049i.e,038
3.443.te,02S
1.G5SÅ}O.Oi7
1.083i.O,O12
l,313Å}e.Ol5
t,e61.Å}e.Ol5
1,681dO.el7
t.AI6.tiO.OI6
g,e6eie.Mo

'illll  O.Oi8SO.O04
-e.Dlgt.o.oo4
-o.ossÅ}e.oo3
-o.lo2Å}o.oes
.- O.171•Å}O.OG2
-O,216.kO.O07
wo,ls3Å}e.oo3
 o.D34xf te.oe4
 o.2grr•ke,Gos
 O.357Å}O.O05
 O.306=E•O.O05
 o,24rJ.Å}o.oo4
 o.t73Å}o.eo3
 o.lo7Å}e.oG3
 O.027tO.O02
-o.ost•L•o.ee3
-O,158•Å}O.O03
.o,2s6 .. o.ooa
-e,solt,.e.oGs
-o,77eÅ}e,oes
-o.s7ss.o,oog
 O,t78=i•O.O"
 o.e7g,a,o.eos
 o.s3e Å}. o.oo7
 o.67'rÅ}o.ees
 o.ss'r•llo.Gos
 o.4sne.eos
 D.251 ?. O.O04
 o.o26.t.o.eon
-o.2sfÅ}o,eo6
-O.475Å}O,eG8
 o.64sto.eog
 o.s6s.t.e.oo7
 o.Bo7.lo,eo'r
 O.596.1.0,O06
 o.37s =+ o.oes
 o.eg'i,Å}.o.olo
-O.143.EO.e13

 e.3osÅ}o,o:s
 e.873t•O.O12
 e.ge3t•o.ooo
 e.g26it,o o1o
 G.808.t.O.O]2
 o.6on.to,ols

iillli'i il 263Å}O.030
ggo =, o.o2a
426Å}O.e90
6f2-Å}O.020
356Å}O.154
354tO.116
115it. O.te6
44eÅ}O.071
163sO.e17
851Å}O,e72
6el-Å}O.111
t32.-O.D32
sMte.o12
l87Å}O.e22
l78Å}O,099
245f,O.e61
77]•Å}O,046
544•iO.031
6tS).O.025
915Å}e.170
964Å}O.l29
561+O,OiS
259,+,O.e21
3B2d,O,e22
gel+o.ots
167Å}O.Ot3
74oÅ}e.osv
634Å}O.06Z
779 i• e, 074

878i•O,ee6
7a4Å}O.I03
940Å}O,D92
720tO.075
777Å}G.050
elei.o.o3s
527Å}e,039
o7roÅ}o.Gso

iliii
1ti

ii /i
ti Q28Å}O,Ol7

07SÅ}. O.D15
e21Å}O.077
og7dee.ots
187•Å}O.026
171Å}O.e33
074Å}O,e26
333,l,O.e20
508t.G.023
417Å}O.Ot5
357Å}e.O16
341Å}O.02e
432Å}O.O09
309Å}O.020
1#2Å}O.e17
oe6 =} o.ols
o9tÅ}e.o:5
!91Å}O,Ol6
221Å}e.otg
i87kO.022
73aÅ}o.ola
783Å}O.e;2
582Å}O,OIl
398 Å}- O.OII
209Å}e.O12
e18Å}e.O15
175Å}e.O19
3t2Å}O.021
896thO.O15
886Å}O,O:2
737Å}O,Ol4
589Å}O.Ot6
378.+.O.02I
130Å}O,024
05SÅ}O,031
534•Å}O.e32
890Å}O,G24

tge-os 4' <Ex = o.58o MeY) lcaos 2; (Ex = O. 489 MeV}

Angle
{e. >

Cross seetion
  tmtJ!sr>

Analy:ing
   CAv )

pover Angle
<e.. )

Cross section
  Cvatst'sr}

Analyzing
   <Ay )

pover

illiliiill11i 1,823Å}O.e39
1.8e3Å}e.e44
i.346Å}O.029
1,127Å}O.02a
1.0tS,-•O.029
8,479Å}O.222
5.SS3Å}•O.212
e,B7TÅ}O.t73
5,S40it•O.184
3.832Å}O.t60
4,141Å}O.:23
3.g63Å}O.l29
3.8e8tO.t05
4.4S6Å}O.t39
7.426i,D.ate
3.I93Å}O.072
2.789Å}O.Oe7
2.716•Å}O.072
2.3GlÅ}O,082
S.279.1.0,111
t.36TL+,O.042
9.997iO.335
e.Ot2•t•O,284
8.269sO,27t
7,776Å}O.a59
5.82IrkO,225
4.45e•s.G,SB4
3,03g ti O.153
2,746Å}. e.161
2,876Å}e.171

ill
ii2

111i 031Å}O,027
o73Å}e.o3o
036•Å}e,028
oess•o.o31
o64Å}e.o3s
046Å}O.033
le3Å}e.045
3noÅ}e.o3t
485Å}O.e39
4M Å}. O. 052
585Å}O.G34
5S8Å}O.e37
590Å}a.G33
581Å}O.e38
41eÅ}O.e36
33IÅ}O.028
148Å}O.030
199.Å}O.032
394Å}O,D40
932Å}O.021
729Å}O.033
772Å}e.03S
845•bO,032
68TÅ}O,037
470tO,042
391Å}O,050
Z33Å}-O,053
34Bj,O.064
"gÅ}o,o'r3
81SÅ}. O.e83

22,l3
23,14
24.14
25.14
Z6.f5
27.15
2e.15
2g.16
30.16
31,l6
32,17
33.I7
34.1S
36,l8
38,20
40.21
42.22
44.22
46.23
48,23
50.24
52.24
54.25
56.26
58.26
60.26
G2.27
64,27
66,28
68.28
70.28

8.e33tG.
9.3631•O.
6.355Å}O,
8.297Å}O.
I,e991 0.
9.42gÅ}O.
1.e95tO.
f.3flÅ}O,
S,536Å}O,
s.z3sse.
7.953Å}O.
8.087sO,
4,225Å}O.
1,35610.
1.278.s.O.
2.Z20tO.
4.i59lO,
5,l50.LO.
8.259•l•O.
2.402.,.Q.
f.lelto.
6.033.t,O,
6.013 ,tt e.

8.t50Å}O.
f.o6aÅ}o.
I.Ol9t,O.
8,O!2L•e.
4.854Å}O.
S.225.Å}O,
2.2feto,
2.530 .+. O.

Iliill
iili

liiiili
iii

llii Z19Å}G,069
     065oa2Å}o
2i7Å}o l' osi

31etho,o55
e97Å}O,033
lSi •.F e, 035

ls3io.o3e
15sÅ}o.e2?
e7z•Å}o.o36
e7oÅ}io,o2g
044Å}O,03t
OIOtO.035
o7gito,o4A
429,te,O:8
Z94Å}O.056
6oos.o.e33
4B8te.e48
414dO,e31
589Å}O.Ol7
1391-D.032
179Å}O.e42
059Å}O.e52
722Å}O,045
s3eÅ}e.o3s
785Å}O.03e
629Å}O.e35
4?3tO,e42
20StG.05]
l41Å}e.063
253Å}e.084
964Å}O.062
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ige-os d; (Ex = O.910 MeV> Z32Th O' elastia

Angle
(e" )

Cress sectien
  (mblsr)

Ana}yzing power
   (Av)

A"gle
(ee. )

Cross $ectior
  {mblsr>

Analyzing
   (Av )

pover

30.t6
as  ,l7
  ,l7
gfi'i lg

ggilg

2:r;?

21i::

2g12,3,

ggi:g

ggigg

g:12,g

g?:;
gg12,8,

7e,28

6.005Å}O,92g xlo-2
S.87:thO.550 xlo-2
5.g37Å}o,s22 xto'2
S.307Å}o.s24 xle'2
5.e18Å}O.lt67 HtO'r
1.02oÅ}o.o6o xle'I
8.t42Å}o,52s x1o'2
6.632Å}o.432 xlo'2
2.3ssÅ}o.e7s xto'I
3,B76Å}O.287 xte':
1.612Å}o.2z6 xte'2
t.897Å}O,i61 xlo'2
;.4MÅ}O,187 xlo'2
7.685Å}o.6es xlo'2
1.T42tho.l3s xto't
1.46Sto.t2e xte'2
1,520Å}a.117 HIO':
2.a99Å}O,2s6 x1o'2
5.S8elo.233 xlo'2
2.IOOsO,2o6 x1o-2
1.103iO.I21 xlo-2
7,44'rÅ}t.osB xlo'3
5.S42-Å}e,gol ifG'3
3.754Å}o,67o glo'3

O,236Å}O.t75
O.544Å}O,103
O.t88Å}O,109
O.478Å}O.e96
O.659=LO,088
O.591Å}O.068
O,599Å}O,072
o.223Å}o.ose
O.571Å}O.e35
o.36eÅ}•o.ogi
O.063t,e.164
O.504Å}O,097
e,S37Å}e,115
O.856Å}O.075
o.7nÅ}e.oss
o.22aÅ}o.Ios
O.367Å}e.e93
O,B49Å}O.074
e.74oÅ}•e.o46
e,7seÅ}. o,12o
O.6t6Å}O.127
O.462LFO,t74
O.684Å}e.153
e.925Å}O.S89

il111 2.974Å}O.OTI xle"
i.8goÅ}e.o3o xto4
1,z3sÅ}e.oo6 xtot
6.277Å}G.o3s xte3
3.3igÅ}e,o3t xto3
2,063Å}o,olg xlo3
t.?!3Å}o.OtB xlol
t.69sÅ}o.olt xao3
t.808Å}O.O13 xlO:
f.e24Å}o.oe7 xlo3
t.7t3Å}o.oos xlo3
:.523Å}O.O05 xlOS
t.t7TÅ}o.oos xlo3
8.f7:Å}O.036 KIO:
5.683.rO.OSI EIO!
3.iesu+•o.o24 za1o:
:,656Å}O.of6 xlo2
7,:56Å}o.te2 slol
4,394t,O.G7S nlO]
5.482Å}O.097 xlOI
e,722j.o.nz xtol
1.ao7Å}o.on xte2
i.542ti.e,O14 Mtee
t.599Å}o,o1t xle2
1.615Å}o.o13 xlo2
i,363Å}e.ooB xto2
t.168Å}o,oos ste2
7.941Å}o.os4 xfoi
5.6e?Å}-o.o6s xtol
2.973Å}o,Ds2 xtol
t.654Å}o.o2s xlol
e.22sto.tlg yfoO
t.045Å}O,Olfi x;ol
t.96tt.o.o24 xtoi
2.396i•O.o2s xtol
2.t09Å}O.02G xlOi
l.3IlÅ}O.oM xlol
5.839Å}D.096 ElOO
2,480,tO.Q63 xtOO
2.347Å}O.e7i xlOe
3,69Sti,O.106 v.1OO
4.3ogte.og6 x1oe
3,816Å}Q.e96 xlee
2,612Å}O.OT4 xlOO
1.327t. O,04B xtea
6.5B3..o,34s h•te'I

-• O,042Å}O
-e.osoÅ}.e
-O,097Å}G
-- O,t16Å}O
-o.oseÅ}e
 o,oogÅ}.e
 O.t93Å}O
 O.247Å}O
 O.228Å}•O
 O.192SiO
 O.l27Å}O
 O.059,LO
-O.O{8Å}O
-O.tt3Å}O
-o.22GÅ}o
-O.388d,O
-O.573Å}O
-O.'l68 ,t O
-o.22roÅ}o
 O.573Å}. O
 O. 67 i =l D

 O.574Å}O
 e.468th-O
 O.360tO
 e.259Å}O
 e.141Å}O
 O.024Å}O
-e.togie
-O,285 k• O
-O,565Å}O
-• O,833 =+ O
-e.716tO
 O,80S,L-O
 o.silÅ}e
 o.6o2Å}•e
 O,349Å}O
 O.06BtO
-O.357i,O
-O .4M =, O
 e.6og.Å}o
 o.gseÅ}o
 e.s3s =l o
 O.669Å}O
 O.428Å}O
 O.064Å}.O
-e,3oo Å}•o

lllil,

Z32Th 2' CEx =- O.04g MeV} Z32Th 4' {Ex =. O,t62 MeV)

Angle
(e.. >

Cross sectSon
  (mb!sr>

Ana!y:ing pover
   (A, )

Angle
{e.. )

Cress secL2on
  (meblsr)

Anzalyxing
   (A,)

pover

illiilEill 2.o73Å}o.4el xloa
t,og4Å}o.e27 NtoZ
5,154.i e.596 xlOI
2,la2Å}o.4ss xlol
9,337Å}1.974 xtOe
8.987Å}l,639 xtOO
2.27lt•o,ls3 y;ol
3.602Å}o,12g tiel
4.555Å}o,i24 xlol
rJ.os6Å}o.io6 xloi
5.066Å}O.OB7 xlol
4,42gÅ}o,efi6 xtol
3,895Å}o.o63 xtol
2,sgroÅ}e.eso Mlol
t.s23•Å}o.oas xtol
9.903Å}O.411 nlOe
5.547Å}G.384 xlOe
3,ols!. o.27e xtoe
4.slsio.3go xtee
7.g6taiQ.240 MiOe
l.l4iÅ}. O,02S xlG+
1.405Å}•O,024 xlol
S.63tÅ}o.o4e wtel
i,636Å}O.02I xlOÅ}
l,5Tli-o.oa xlol
T,3eOÅ}O,02I HIel
1,350Å}O.OI3 xlol
7,383Å}O.096 sc100
2,850Å}o.o7o itloe
1,ge'tÅ}o.o6s xloe
3.699iO.08T vlOe
5,32810.091 xlOO
4,g6oÅ}o.22: xloO
3.go61o.a7g xloe
2.27tjÅ}.o.os6 slog
l.tU1i. e,056 N1Oe
I.l32!O,048 xlOe
:.509l•O,049 ittOO
i.702a.o,os3 li:eO
l.59uo,o5fi y.teO
1,164=IO,042 xleO

-O.25BÅ}O.224
 O,149Å}e.230
-O,190Å}O.:42
-o,s4gÅ}o,z4g
-O.49Gd,O.24T
 O.7t8th.O.270
 O.5t6Å}O.115
 O,276Å}O,050
 O.255Å}•O,D36
 e.u4,lro,o2g
 O.f23Å}O,022
 O.046Å}O,02G
-G,041Å}O.020
-o.17oÅ}o,e26
-• o.2s4Å}o.ezT
-O.449Å}O.e63
-O,447Å}e.089
 O,050Å}O."8
 O,686,L-e.I07
 O,782Å}O.G41
 O.6691O.034
 O.523Å}e.023
 O.468Å}e.G29
 D.3{tt.G.Ol8
 O.262f.O.O18
 O.t23ttO.021
 O.l37Å}O.Ot2
-o.2o2tho,ol'g
-O.393Å}O,036
 o,4s3Å}o.eat
 O.84TÅ}.O,026
 e,713Å}, O.022
 o.ss2t•o.oel
 O.340tiO,026
-o,e2oto,o33
-o.orJgÅ}o,063
 O,463i•O,e42
 O.833Å}e.e33
 o.g2'rÅ}e.e3e
 O.753Å}e.G34
 O.587i•O.038

31.14
32.t4
33.t4
34.t4
35.f5
36.l5
3?.l5
3B.16
39.16
40.16
41.18
AZ.18
4d.18
46,i9
48,lg
50.ZO
52,20
54,20
se.zl
58,21
60,21
62.22
64.22
66.22
68.23
70.23

1.729Å}O.229 xlOe
2.357Å}O.t59 x1Oe
2.927Å}o.!so yloe
3.43eÅ}O.t53 xlOe
3.178iO.M3 slee
2.967Å}o.og3 vloe
2,67oÅ}o.lio xToe
1.945Å}e.OT7 xlOO
l,36tthG.lo4 xteO
9.d34Å}e.514 xlG-I
7,382Å}O,4gg xte'I
5,836Å}e.3oo xfo'I
8.3I7Å}o,31s xte'l
1,124thO,035 xfOO
t,2t2Å}o,o3e xloO
t,ttst. o,os4 xfoe
6.692diO,2S2 -tO-l
3,84dÅ}O,2Z9 xtO'Å}
2.833Å}O.2o2 xto'I
4.7'i9siO,236 xtO';
5.194s.O,2SO xlo-l
4.e6eÅ}O,2Ie sc10-1
4.e65Å}o.2t7 xlo'1
2,319Å}o.t64 xlo'1
t.53eÅ}o.t42 xlo'1
!.fT5iO.t2? x1o'i

 O.551Å}G,l75
 O.390Å}O,096
 O.416Å}e,062
 o.t3gÅ}e,o61
 e.t961O,Ofi3
 e.egsit•o,o4t
 o.oles,o,os3
-e.t32=+•O,052
-• O.2G7Å}O.095
-o.4o3Å}o,e72
 e.221Å}O.085
 O.316Å}O,064
 O.7lt3Å}O.044
 e.719,I.O.035
 O.448Å}O.e36
 e.234=O.e39
 O.083i•O.055
 e.026Å}e.f46
 e,3soÅ}-e.es7
 O.778=+-O.e53
 e.715Å}O.053
 G,554 =I O.046
 o.4e4=+•o.o62
 O,24lÅ}O.083
-o,o27 Å}. e. n4
 O.464Å}.O.hiO
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Z}ZTh 6' cEx = o.333 MeV) zlev o' ela$tic

Anele
{e.. )

Cres$ seCt;en
  {ml]fsv}

Analyzing
   {Av)

pover Angle
<e" )

eress Gection
  (mblsr}

Analyzing
   {Ag )

pever

44.
46.
48.
50.
52.
54.
58,
58,
60.
62.
64.
66.
68,
70.

ilkll 1.065j,O,114
T,39gÅ}O.8!9
6,1t4Å}.1.020
1,031Å}O,I09
1.17tÅ}O,107
t.423=t g,t27
i.16SIO.1!O
e,e12Å}o.e41
4,9B3Å}G,77;
5.t32Å}O.637
5.064Å}O,801
6,B77Å}O.848
4,740Å}t.!53
5.S17Å}O.773

xlo'l
N1o-2
xlo'2
vlo'1
xtO':
v,lc'I
xio'l
x1o'2
xtO':
xIe•Z
xto'2
xlO':
x1O'?
x1o'2

ilg1.2zaÅ}o.t3s
.02SthO.l37
,so7Å}o.lal
,2gOÅ}e.123
.552,Å}O.t05
.464t.g.te2
.SOO•Å}-O.tl6
,065Å}O.l53
.ooeÅ}o.ls6
.4MÅ}O.139
.#51Å}O,192
.S69Å}O.:3B
.668•SO.336
.253i•e.:S4

iiillilliiiliili iill o7sL-o,oe7
265i•e.O06
857Å}O,053
673Å}O,e38
3dlÅ}O.e23
B35kO.e2!
7g5Å}O,Ol6
868Å}O.O07
S25Å}O,O06
844Å}O.e06
744Å}.O,e05
475thO,Oe5
;e6L, o,oo4
2E6Å}O.035
f8BÅ}O.e29
991,Å}iO,e23
5541,O.Ol3
S03SO.090
730,LO.e7f
6nsi•e,Dsa
895 ,E O,ll2
349Å}•O.OH
sgoie.eto
6B7tO.OtO
563iO.O08
337 =t O,D07
e37Å}e.D06
aogtho,os2
410i•O.037
536s,e.029
230Å}O.020
593,te.OS9
152i.O,O12
039Å}O.OtS
3381,G.Otg
82g=F e.O13
o4slte.oog
a31•+o.o6o
99ej,O.039
476Å}O,052
641,te.071
996Å}O.086
293j.,O.055
o64.Å}.o.o4e
057iO.027
T26ie.203

iill
iiliill

iill
iliilliiiliiigliililiiliiliiilliii

li

z3eu 2' <Ex =. O,045 MeV) .L3Su 4' {Ex = O, M8MeV}

Afigle
<ec. )

Cross seetlon
  {tr:})lsr}

Analy:ing
   {Ae }

pover Angle
(ee. >

Cross section
  Cmbl$r)

Analy:ing
   (Av)

pover

ll•iiik 1.490.I•O.a26
1.t29sO,099
7.t6TÅ}O.894
2.2el =s g.2g3
6.a46Å}1.671
1.A28-Å}O.I64
2.498Å}O.l43
3.989:+,•O,t22
5,299Å}O.113
5,75fithe.te6
6.os4Å}o.eso
5,280Å}e.072
4.313.Å}e.o65
3,oeoÅ}e.os7
1.896Å}O.044
1.073i.O,036
4.6k-F O,214
3.53elO,226
4.503Å}O,2Tl
9.901=l•O,2e9
f,35Us,O,OZT
l,730tO.025.
t,942tO.025
2,065tO.024
l.828Å}e.e21
1.548iO.Ot3
s,otgsio,oeA
3.247,t•O,OT7
2.775sO.082
a.sg3Å}.o,os7
6.393il-O,085
6.235t,O,073
A.3S6J.O.05S
2.4011.0,e4S
1.21aÅ}. O.045
l,170 i, O.G55
1.687tO.G39
2.007Å}G.G39
1,864ite.035
1.349se.030

illlliii

iiilll
iillli .115Å}O.IT9

.IS5Å}O.I08

.099Å}O.147

.440,;.e.l81
,609•the.294
.538=FO,13e
.429Å}O,074
.365t.O.043
,264t•O.029
.229Å}e,024
.125Å}O.Ot7
.0521O.Ol8
.081 =I O.el9
.25tÅ}O.025
.351Å}e.e32
.499,.LO.e51
.sossie.e6s
.359ikO,e77
.861 =" e,074
.787,te.037
,68BjO.02G
.565kO,D1e
,a23,l,e,O17
.318,LO.O15
,lga•to,ots
,e98tO.Oll
.2:9,tO.O14
.345Å}O.03S
.rJ7o,to.o32
.840iO.021
.68610.017
,4T5Å}O.el5
.23e•i,iO.e16
.oBo,Å}e.o2},
.155,tO.049
.578,te.046
,8e7 ;l O.02i
,set1o,o2o
,736,i.o,o?.e
,51O,t•O.025

11llil 2.t84Å}O,
3,050Å}O.
S.M8Å}O.
3.tTOÅ}O.
3.oolÅ}e.
2.4#2Å}e.
1,ssoÅ}e.
1.274 =I O.

7.720tO.
5.441SO.
3.670=•FO.
5.4iOÅ}O.
9,207Å}O.
t,270Å}O.
t.222t.O.
e,633so.
4,754iO.
2,837Å}O.
3,teo.sie.
4,541 LF O.
4,992S e.
4,7gs•e.o.
3.135 ,+ O.
1.736tO.
1.079Å}O.
1.354 .Å} O.

il
il

fi
1fi .S79Å}O

,406Å}O
.356thO
.25?.xg
.187th•O
.072 ,h O

.13t,Fe

.l87Å}O

.32t•ke

.436•Å}O

.os4.Å}e

.572Å}e
,76oÅ}e
.572Å}e
.413dO
.193iO
,057tO
.148Å}O
.S78,kD
,7B9.tO
.725Å}O
,sao•io
.269 s. O

.072rc

.196Å}O

.ssrof.e

iiII



248 T. ICKIHARA

Z3gu 6+ (Ex =. o,307 MeV)

Angle
(ee- )

Cros# seÅëtion
 {tnlJfsr)

Analyzing pover
  (Av }

41,16
42.l6
44,IB
46.f8
48.19
5e.f9
52.20
54.20
56.20
58.21
60,2t
62,21
64,za
66,22
68.22
70.22

1.642iO.l50 lt10'I
l.244Å}O.U8 xlO'I
I.053th•O.064 x1o-1
9.407Å}O.533 Klo-2
t,03tÅ}O.05B ptlo-l
t.551Å}o.o71 xle'I
I,596Å}O,076 rt1O'{
t,165Å}o,oel sc3e'l
8.401Å}o,6os ,{:e'2
6,542Å}O,sss xte'2
4,s't4Å}o,4s3 xte'e
5,?77Å}O,6il xtO-Z
7.299Å}O.506 xlO':
7.l42Å}O.a92 xiO'a
6."6io.a67 xto'2
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