PHYSICAL REVIEW C, VOLUME 65, 024604

Measurement of the angular correlations for the 1%0(e,e’n)°0 reaction
in the giant resonance region
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Angular correlations have been measured for tf@(e,e’ny) and *%O(e,e’n;) reactions in the energy
regionw=20-31 MeV at a momentum transfer of 0.33 i They indicate dominance of the giant dipole
resonance. The data are compared with a random-phase approximation calculation. A predicted backward-
peaked angular correlation in the neutron decay, due to interference betwekes thandT=1 resonances,
was not observed. Legendre coefficients extracted from the angular correlation data suggest the existence of a
broadE2 resonance over the giant dipole resonance region. The opposite signs of the correlation pabameters
andbs for the 1%0(e,e’ng) and *%0(e,e’p,) reactions suggest that tii2 resonance below about 22 MeV is
isoscalar. Above about 22 MeV, large positive valuestipandb, in ®0(e,e’p,) compared to small ones in
(e,e’ng) reflect the contribution resulting from the direct-knockout proces®jr’f,). The angular correla-
tions for *%0(e,e’'n;) and ’C(e,e’ny) were confirmed to be similar as expected from the similarity of their
particle-hole configurations. The good agreement including the fine structure between the form factors for
160(e,e’'ny) and ®0(y,n,) confirmed the dominance of the giant dipole resonance in this energy region.
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[. INTRODUCTION The (e,e’p) and (e,e'n) coincidence reactions might
provide information on the IS-GQR and IV-GQR. Recently
The giant dipole resonan¢&DR) region of 1°0 has been Cavinato et al. reported a random-phase approximation
extensively studied. Much effort has been made to investi{RPA) calculation for the'®O(e,e’x) reaction[8—10]. They
gate multipole resonances other than dipole. This has beeshowed that as a result of interference between the IV-GDR
done using various probes. The isoscalar giant quadrupolgnd I1S-GQR, the angular correlations for the g’ po) and
resonancélS-GQR which has a centroid energy of about 21 (e,e'ny) reactions were quite different ab=21 MeV,
MeV has been observed in the'®O(a,a’) [1,2,  while the correlations were similar at=30 MeV because of
%0(a, e’ @) [3], and*°O(e, e’ @) [4] reactions. On the other interference between the same IV-GDR and IV-GQR. Thus
hand,E2 strength above the IS-GQR has also been observegformation on the IV-GQR may be obtained from compari-
in the ®0(y,no) [5] and *N(p,y,)'®0 [6,7] reactions. son of the €,e'p,y) and (,e'ny) angular correlations. Al-
However, these reactions are sensitive to both isoscalar aribough @,e’'p) coincidence experiments have been exten-
isovector(IV) excitations, so that it is possible that the IV- sively performed, there are only a few,&'n) experiments
GOR strength might be present in the higher-energy regiopl1-18 because of the experimental difficulties associated
of the GDR. In reality there is still significant ambiguity as to with the hugey-ray background in electron scattering. The
the magnitude and distribution of the IV-GQR strength be-1%0(e,e’p)*°0 angular correlations have been measured by
cause of the low momentum transfer in experiments using@mitriev et al. at Novosibirsk[19] and by Zimmermann at
real photons. Mainz [20], but no data for the'®O(e,e’'n) reaction are
available. The present paper reports a measurement of the
angular correlations for thé®0(e,e’'ny) and °0(e,e’ny)
*Present address: Faculty of Engineering, Tohoku Gakuin Univerreactions in the giant resonance region and compares the
sity, Chuo, Tagajo 985-8537, Japan. results with those of the®O(e,e’py) and °0(y,n) reac-
TPresent address: Hitachi Software Engineering Co., Nakasdjons and the RPA predictions.
Mihama-ku, Chiba 261-0023, Japan.
*Present add_ress: 5th Research Center, Technical Research & De- Il. EXPERIMENTAL PROCEDURE
velopment Institute, Japan Defense Agency, Nagase, Yokosuka 239-
0826, Japan. The experiment was performed using the 129-MeV con-
Spresent address: Tohoku Institute of Technology, Kasumichotinuous electron beam from the 150-MeV Tohoku University
Taihaku-ku, Sendai 982-8577, Japan. pulse stretcher ring21]. The duty factor and beam current
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FIG. 2. Missing energy spectrum for tHO(e,e’'n)*0 reac-
were ~80% and~100 nA, respectively. A disk of 100.6 tion at6,=69.5°. Arrows corresponding to tig, ny, ny, ng, and
mg/cm’- natural Li,O (92.5% "Li and 99_8%160) was used N4 transitipns are indicated. The peaks for, Nz, andn, were not
as the target. In order to take into account the contaminatiofice" 2bviously. Neutrons with lower energies than 2.5 MeV are
due to Li, several measurements using a natural Li ta@get ©<cluded because of the low detection efficiency.
mg/cn?) were done under the same experimental conditions.

The scattered electrons were detected and momentumaximum of 0.36 at about 3 MeV. It varies between 0.29 to
analyzed by a double-focusing magnetic spectrometer at @.36 depending on the neutron energy, up to 15 MeV. A
scattering angle of 30°. The spectrometer has a solid angle ofetailed description of the neutron efficiency is presented in
5 msr and a momentum resolution of 0.05% within an ac-Ref.[23].
cepted momentum bite of 5.3%. After passing a magnetic
field, electrons were detected by a vertical drift chamber
(VDC) which was located on the focal plane to provide po- [ll. RESULTS AND DATA ANALYSIS
sition and momentum information for each electron. Three
layers of plastic scintillators of thicknesses 5, 5, and 8 mm
located behind the VDC produced fast signals, and their co- The experiment was done in the excitation energy range
incident signals were used as a trigger for the electron armfrom 20 to 31 MeV at a momentum transfer of 0.33"fhn

Neutrons were detected using ten liquid-scintillation This covers the entire GDR region 6O. Figure 2 shows a
counters placed in the scattering plane around the target &tpical missing energy spectrum for th€O(e,e’n) reaction.
the distance of 1.05 m. The angles of these detectors werEhe contribution from Li was subtracted using the missing
49.4°, 69.5°, 89.7°, 112.2°, 133.1°, 155.6°, 208.6°,energy spectra obtained by thé"Li( e,e’n) reaction taken
228.9°, 249.5°, and 269.8° to the beam direction. Each dednder the same experimental conditions. There are two peaks
tector consisted of 2.540f NE213 and a 5-in. photomulti- at 15.7 and 21.8 MeV in the spectrum. The lower one corre-
plier. The detectors were shielded from the hugeay and  sponds to neutron decay to the ground state of fi@ re-
neutron backgrounds by lead, paraffin, and concrete blocksidual nucleus. The higher one is considered to correspond to
The scattered electrons andrays from the target were ab- neutron decay to the third excited stafd € 3/2"), which is
sorbed by 4- or 6-cm-thick%®Bi plates, which were set in known to be a ps;, neutron-hole state based on tHeO
front of each detecto”?Bi is a superior absorbing material ground state. The dominance of these two decay channels
because of its high attenuation for electrons angys, and  might imply that the giant resonances in light nuclei tend to
its low and energy-insensitive neutron-absorption coefficientdecay directly from coherent one-particle—one-hdlp-1h
In order to removey-ray events we used pulse shape dis-€xcitations. No obvious peaks are seen that correspond to the
criminator (PSD modules and the charge comparisonfirst, second, or fourth excited states, which have positive
method. Figure 1 shows that they worked well. The neutrorparity. This feature is very similar to the situation for
energy was determined from the time of flighfOF) be-  '°O(e,e’p) experimen{19], which also shows the main de-
tween the target and each neutron detector. cays to the ground and third excited states. Tf@(y,py’)

The detection threshold of the neutron detectors was chaand °0(y,ny") reactiongd24] also show dominant decay to
sen to be 3/4 of the pulse hight of tHé’Cs y-ray Compton the third excited state in each residual nucleus.
edge, which corresponds to a 1.27 MeV neutron. The neutron
detection efficiency was obtained by a combination of two B. Angular correlations
methods. The energy dependence of the efficiency near
threshold was determined by measuring neutrons from a
252Cf source. The relative efficiency as a function of the The angular correlations for the'®O(e,e’n,) and
neutron energy in the higher-energy region and the absoluté’O(e,e’n;) reactions are shown in Figs. 3 and 4, respec-
efficiency were calculated by a codeTerF[22]. The result- tively. The data were fitted with Legendre polynomials as
ing efficiency increases from the threshold and reaches described below.

A. Missing energy spectrum

1. Data analysis
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The (e,e’x) reaction cross section is represented as folture functions. The angleb between the scattering and
lows [25]:

dwQ 0,

dic

+ VWi cog24)},

= oot VLWL + ViWr+ V7 W 1 cog o)

(3.9

reaction planes has an effect on the interference terms

VWt andVW+t, and is# in the present experiment.
First, we assumed that the main contribution to the cross

section isE1, and the other excitations can be observed in

the angular correlation through interference wit. This

E1 dominance has been studied experimentally by electron

scattering measuremenf&6]. Each termV W, V;Wr,

Where L and “T” stand for the terms co_ntributed by the VisW,7, and Vi1Wrr can be expanded assuming a maxi-
longitudinal- and transverse-polarized virtual photons, "®mum excitation multipolarity of 227]:

spectively. The kinematical factok% are defined by the in-

cident and scattered electrons, and are the nuclear struc- 8
VLWL+ VW= 25 biPy(x),
25.0MeV 26.5MeV 29.0MeV
150 ir ir 3
1001 ' 11 11 i VLTWLT:Z C|P|1(X), (32)
50| 4 F ¢ 1F E =1
M' * /\/’\
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FIG. 4. Angular correlations for th&O(e,e’n;) reaction. The

1 Here, P|(x), Pi(x), and P(x) are Legendre polynomials
and their associated functions, abg, ¢;, and d, are fit
parameters which reflect the transition matrix elements. The
ratio of the reduced matrix elements for transverse transitions

solid lines are the same as in Fig. 3.
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to longitudinal ones is estimated from Siegert's theof2s]

to be 0.5 and 0.43 foE1 andE2, respectively. The kine-
matical factorsV; andV+ are smaller thaV, or V| under

the present experimental conditions, so that the ratios
VW /V W, and VW1 /V W, become of the order of
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0.1-0.2, and we ignored them. We also regarciedndc; as SO— . . . . .
terms small enough to be ignored, because theyEar&0 $ (e
or E2 interference terms in which at least one of &t or %‘40- @ { eeny ]
E2 transition is transverse. F&W  the following relation = ¢ (ee'py
betweerc, andb, results from Siegert's theoref@8] in the % 3o} ° T (ee'py) direct-knockout
long-wavelength limit approximation fdg1: E -

w 520_ o, ¥ o O;o ° 0 ]

o
Co=——bh,. (3.5 E o % 1%
q ,5 10 H } T_LA N § § ]
= o %'UH { { [ird ,=L o,

Finally, including the kinematical factoig; in the redefined oS L.LF I : ) ) :
parameters, we get the following representation for the an- 2| (b) 595 a s @ 2 _

gular correlation: = s 33 g % .

\—Fovos
d3o i i i i i i
R L ( 9 o .
Joa.a, ~Po| 1HDiP1(0 +b2P(X)+ bsP5(X) o Ilgess frnzg ¢
—— g
0
VLT w 1 L L L L L I
+__b2P2(X) , i I(L T T T § T T ]
Y ()
L S0 HT§§5$I§ §_T_§§ é%g%
3 A
x=cog ). (3.6) 1 T . % . . . ]
20 22 24 26 28 30 32
Excitation Energy (MeV)

Here, 4A, represents the total cross section. The solid lines
in Figs. 3 and 4 are the results of least-squares fits using the g, 5. comparison of the form factor and angular correlation
above equation. coefficientsb; for the *%0(e,e’'n,) reaction (solid circleg with
those for the'®O(e,e’n,) (solid triangle$ and %0(e, e’ p,) (open
circles [19] reactions. The open diamonds are the extracted contri-
bution of the direct-knockout process fae,€'pg) [19].

2. 1%0(e,énp) and *%0(e,€n,) angular correlations

The angular correlations for the'®O(e,e’'n,) and
1%0(e,e’n3) reactions as shown in Figs. 3 and 4 have for- _ _ _
ward and backward peaks. This correlation indicates that th¥iding a 1+0.8P5(x) correlation pattern with weak transi-
GDR is the main process and is reproduced byhj,(x)  tions similar to those oh,. o _
term in Eq.(3.6). There is a small forward and backward  The peak at 24 MeV has been historically assigned to
asymmetry. This is due to interference between the GDR antgsult mainly from the s, 1p3;) configuration using the
other excitations with even parity. This asymmetry is repro-shell model approach{29]. But from the analysis of
duced by thév; P1(x) andbzP3(x) terms in Eq(3.6). These llB(|5,y0)1ZC [30], it has been stated that the main configu-
peakg shi.ft towards .Ia_rger. angles from the momentum trangation is ds/2,1p53) and the spin-flip §3,,,1p55) component
fer direction or antidirection, respectively. This is causedis small. The shift of the peaks in the present angular corre-
by interference between the strong longitudinal and weakations, described before, is well reproduced by the

transverse transitions, which is
(Vi7/V)) (w/q)b,P3(x) term in Eq.(3.6).
Figure 5 shows the fit parameters for tH©(e,e’'ny) and

reproduced by thdongitudinal-transverse term, which indicates that the spin-

flip component is not dominant fot?O(e,e’ny), either.
The parameteb; indicates interference betwe&i and

180(e,e'n3) angular correlations together with those for E2 resonances. The nonzebg value represents the exis-

1%0(e,e’py). Then, form factor shown in Fig. &) has two

tence of theE2 strength. Thdv; value forny remains almost

peaks at 22 and 24 MeV, which agrees with the typical struceonstant up to near 28 MeV, which suggests that B2
ture of the 10 GDR. Thenj; strength obtained above 25 strength is broadly distributed. This is consistent with Ege

MeV is similar to that ofng. The parameteb, reflects the
particle-hole configurations of the GDR. qu,(,_,lpl‘,%) and
(d3,2,1p1‘,21) configurations are assigned for thg transition.
The observed, value ~0.5 can be reproduced by mixing
the main dg,z,lpl’,é) longitudinal transition providing a 1
+1.0P,(x) correlation pattern with a Weakdg,z,lpl’,é)
transverse component providing a —1.0P,(x) or
(31,2,1p1’,§) transition which is isotropic. The case o§ is
more complicated. Configurations  of 51(2,1p;,21),
(dsj2,1p33), and ds1p45) are assigned for theg transi-
tion. The observedt, value ~0.5 for n; can be reproduced
by mixing the main d5,2,1p3_,%) longitudinal transition pro-

strength obtained by th&N(p, yo) O'® reaction[6,7].

IV. DISCUSSION
A. Comparison of the angular correlation with the theory

In a previous pap€drl5], we compared the angular corre-
lation for the 2C(e,e’n,) reaction in the giant resonance
region with the predictions by Cavinatt al. [25]. In their
calculation, the €,e'ng) angular correlation shows a behav-
ior that is nearly symmetric abouw,=90°. On the other
hand, the ¢,e'py) displays a strong forward-backward
asymmetry as a result of interference between therd 0
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Fig. 5. However, the present result does not have a strong
"*0(ee’ny) @ "*0(ee'ny) © backward peak which has been theoretically predicted.
P ®=230MeV . 1 g ©=3L0MeV One of the reasons of the disagreement for tae'(,)
o reaction might be excessively strong excitation of the GQR
in the calculations. This RPA calculation does not take into
account the spreading width of the 1S-GQR, resulting from
more complicated particle-hole configurations thgm 1ih.
M ‘ ' ' Some RPA calculations includingp22h [31,32 have shown
| OEe'py) @ | broadening of the 1S-GQR if°0. Another possibility might
®=33.2 MeV be the effect that the--decay channel is not included in this
calculation. According to Faesslet al.[33], decay by alpha
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2 H }% emission might be favored because of the large overlap be-
# w7 S tween the IS-GQR it®0 and the’*C+ & channel. The frac-

N TR N tion of decay by proton emission has been experimentally
% o % 1 20 % o 9% e =z  found to be very small from thé®O(e,a’p) measurement

6 (deg) 6 (deg) [3]. And recent theoretical calculations have shown that the

) ] ] _ '2C+« decay channel even modifies the structure of the
FIG. 6. Comparison of the experimental angular correlation WIthGQR for the €,e’py) and (e,e’ps) reactions[34]. These
calculations. The solid circles i@ and(c) are the presen&(€'no) o, gqast the same situation for neutron decay. On the other
data and those itb) and(d) are (e,e’ po) data[19]. The solid lines hand, the asymmetry of the, channel in Fig. &) seems to
in (& and(c) are the same as in Fig. 3. The dashed lines are th%e réproduced well, but it changes drast.ically around 22

predictions by a self-consistent RPA calculation with a SK3 inter- . ' . . .
action [8]. The calculations in(@) and (b) are done ate MeV as mentioned in the next section. This change in the

, ; o
=21 MeV and those iric) and(d) are done ata=30 MeV. Scal- (e,e’pg) angular correlation makes it difficult to compare

ing factors 0.5, 0.1, 3.0, and 1.3 have been applieddorb), (c), ~ With the theory. . ,
and (d), respectively. In Figs. §c) and &d), the calculations for€,e'ny) and

(e,e'pg) are scaled up by 3.0 and 1.3, respectively. They
Rredict a similar correlation forg,e'ny) and (e,e'py) due

to interference between the GDR and IV-GQR. The experi-
mental forward-backward asymmetry of,€'ng) is repro-
duced well. On the other hand, the correlation feye( py) is

in agreement at forward angles but is poor at backward
angles. The momentum transfer for the, & py) data is
higher than that in the calculation. This disagreement might
be due to the direct-knockout process as discussed in the
following section. The predicted character of the forward-
backward asymmetry, which depends on the isospin quantum
Humber of the GQR, was not clearly observed through
E1-E2 interference which was seen in the present angular
correlations.

modes, where the latter is calculated to be strongly excited i
(e,e'pg). However, the predictions fail to reproduce the ex-
perimental angular correlations for bothe,&'ny) and
(e,e'pg); predicting the opposite pattern to that observed.

Similarly Cavinatoet al. have calculated th&°0(e,e’n)
and %0(e,e’p,) angular correlations in a self-consistent
RPA model with a SK3 interaction for similar kinematical
conditions to the present experimé¢8i. They show a differ-
ence between thee(e’ng) and (e,e’ py) angular correlations
depending on the isospin quantum number of the GQR. Sp
cifically the (e,e’pg) and (e,e'ny) angular correlations are
quite different atw=21 MeV due to interference between the
IV-GDR and IS-GQR, while they are similar at
=30 MeV because of interference between the same IV- . . 16 , .
GDR and IV-GOR. B. Comparison with the ~*O(e,e’p,y) reaction

Figure 6 compares the measured angular correlations with The form factor andb,, b,, andb; parameters for the
the calculations. The dashed and solid lines in the figure aré®O(e,e’ p,) reaction[19] are shown together withe(e’ny)
the calculations and Legendre polynomial fits, respectivelyin Fig. 5. The €,e’p,) form factor shows two peaks in the
The single-particle energy predicted by the HF-SK3 calculaGDR, which is dominant even at the higher momentum
tion is about 2 MeV lower than the experimental val®,  transfer ofq~0.53 fm ! than that in the present experi-
so the calculations are compared with the experimental rement. Above 22 MeV the peak at the momentum transfer
sults at an energy about 2 MeV higher. In Fige)@&nd &b),  direction in the €,e’'py) reaction has been interpreted as
a strong backward peak irefe’ny) and a strong forward being due to the direct-knockout procd4$)]. Its estimated
peak in €,e’py) were predicted due to interference betweencontribution is shown by open diamonds in Figas The
the GDR and IS-GQR. In Figs.(® and Gb) the calculated large increase in that process above 22 MeV has been attrib-
values have been scaled down by factors 0.5 and 0.1, respagted to suppression at lower energies as a resudt ofus-
tively. The forward shape is well reproduced in theeg ng) tering[19]. On the other hand, the present paramegrand
reaction in Fig. €a). The unique correlation with three peaks b,, which lead to forward peaking, are small comparedgo
of the theoretical curve may be the effect of the interferencérhis is consistent with the fact that the direct-knockout pro-
term P5(x) in Eq. (3.6). This peak shape means that the signcess for neutrons is much smaller than for protons in the
of the P3(x) term—namely, the sign of the; parameter—is present scattering conditions where longitudirfeharge
negative, which is consistent with our result as shown intransitions are dominant.
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Below 22 MeV theb, values are similar but the, andbs SO—— . . . . .
values are of opposite sign, with nearly the same amplitudes .
for both reactions. Although thee(e’p,) data have poor % 40} @ $ “°Ofese'ny) 1
statistics, the trend is supported by good-quality data from.,.,g & 2Cese'ny)
Mainz[20]. This might be explained by interference between & 3o} 3 ]
the GDR and IS-GQR, which was pointed out by Safu 5 @@ R
as follows. g 20l o4 ]
The longitudinal transition amplitude for a decay particle = Ho
o . . Fe g W
with isospin73; is related to that of the resonance with iso- & ot KT, ]
. . = R+ g te4
spin T [10]: . o L,
LS(s)=_2, > 2 T —7 | T OJLYT) (1) (b:) | | | | | 1
| . —
=012 2 AP S —$—
4. 0 %@g—i—[ﬁ{" LA S
. . - 1+ (¢) 1
Here,c represents a reaction channel ahd the total angu- & EOMEIE X o
lar momentum of a resonance. The structure function of the %%@@ -
longitudinal transitionW, is proportional to the product of 1 : s : s s :
L.j(rgi)*Lj,(rgi)+L‘j(rgi)Lj,(rgi)’.* and the Legendre func- \ @  aE o
tion P;(x). The observed opposite signs for the and b, = *?*@w @% [ S A AN
terms for ,e’'pg) and (e,e'ng) as a result of interference al , . . . .
between the IV-GDR and IS-GQR can be easily derived. In a 20 22 4 2 28 30 32
Excitation Energy (MeV)

macroscopic view, this effect reflects the out-of-phase vibra-
tions of the proton and neutron groups for the IV-GDR, while

these are in phase for the 1IS-GQR. TB@ excitation which
can also contribute to thie; parameter in*0 has not yet

FIG. 7. Comparison of the form factor and angular correlation
coefficientsb; for the %0(e,e’n;) reaction with those for the
2C(e,e'ny) reaction under the same experimental conditions.

been experimentally confirmed in the present energy region.

C. Comparison between the'®O(e,e’n;) and *?C(e,e'ny)
reactions

A comparison between th¥O(e,e’n;) and 12C(e,e’ny)

D. Comparison with the photoneutron reaction

The cross section for the photoneutron reactias,38
has been transformed into the form factor by the usual
method[14], which assumes that the photoneutron cross sec-

reactions is interesting as they have the same particle-hol#on is completely arE1 transition. They are compared with

configuration: namely, ads, neutron hole. The fit param-

the present data in Figs(&@ and 9. Both®0O(e,e’n,) and

eters obtained from the measurements under the same expefO(y,n,) form factors agree well not only in strength but

mental condition are compared in Fig. 7. The GDRC
has two peaks at 22.5 and 25.5 MeV similar 0. The
form factor for %0(e,e’n3) is a little smaller than that for
12C(e,e'ny) in the overlapping region of the excitation en-
ergy. The parametels for both reactions agree well in both
value and trend. Theb, values for %O(e,e’p;) and
12C(e,e'py) [35] are very similar to the present value
around 26 MeV.

The '%C(e,e'n,) reaction has a strong forward peak in
the GDR[15,17, and the possibility of a0 resonance has
been shown by multipole expansion analy$is?]. The
12C(e,e'p,) experiment[36] has a localized monopole
strength near 20.3 MeV resulting from a large negatiye
value. A recent*?C(«,a') experiment37] has obtained an
EO peak near the same energy. The latge value for
12C(e,e'ny), which may reflect thi€0 state, reduces as the
excitation energy goes up and connects smoothly tobthe
data of °O(e,e’n;). On the other hand, thb, value for

160(e,e’'ny) shown in Fig. 5 looks smooth at lower energies,

which suggests a different interference frotfC(e,e’ny).
The b; parameters for®O(e,e’n;) and *C(e,e’ny) are in

also regarding the GDR fine structure. This implies that the
(e,e'ng) strength is almost exhausted by the GDR. On the
other hand, the form factor fore(e’ns) is about twice as
large as that for ¢,ny3) in the overlap region. Even if the
(y.ny1,) and (y,ny,) form factors add to {,nys), the
form factor for electron scattering is still a little larger than
that for the photoreaction.

The angular correlation parameters a,, andas used in
the photoreaction analysis can be related to the parameters
b;, b,, andbs for coincidence electron scatterifg7]. The
a, parameter can be transformed directlybtoif only E1 is
excited. The transformations fay andas to b; andbs can
be achieved through interference betwé&shandE2 asEO
does not contribute in the photoreaction. Using Siegert's
theorem[28], the transverse transition matrix element was
transformed into the longitudinal one at the same momentum
transfer. The momentum transfer dependencgégR) and
i2(qR) (R is the nuclear radiyswere assumed foE1l and
E2 form factors from the Goldhaber-TellE89] and Tassie
[40] models, respectively. Using them, the transition matrix

agreement and seem to be negative. This may imply a corelement was transformed into oneggt 0.33 frmi ! from the

tribution of E2 strength in both reactions.

photon point. Consequently, for the preseeje(n) experi-
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< ol ity e FIG. 9. Comparison of the presehfO(e,e’n;) strength with
pra v (@ %0(y,n1,), (b) (7,n4), and(c) (y.ny4) reactiong24]. The
)5 (d:) : : : : : extrapolation for the photoreaction data is the same as in Fig. 8.
i i, |
_n'" 0 '”]:I] !] Ill l..}hllh .o iy
UKL A “;”‘H}[ ergy range of 20-31 MeV at a momentum transfer of 0.33
25t 20 23 : 23 26 23 30 32 fm~1. These angular correlations were fitted with a series of
Excitation Energy (MeV) Legendre polynomials in order to compare with other reac-

tions. These angular correlations, which are very similar, in-
FIG. 8. Comparison of the form factor and angular correlationgicate the dominance of the GDR. From an analysis obthe

e 1 , : .
Soemc'entSbi f.or the "0(e,e'ng) reaction with those for the values fomy andnj transitions, their main configurations are
®0(y,ny) reaction[38]. The (y,ny) data have been extrapolated to

. _1 _1 .
the present] value by the method described in the text. aSS|gned to beds;,,1py;) and ds;,1pg), respectively.
The interference parametens andb; suggest the presence

ment, the following relation was obtained for an excitation©f E2 strength up to 28 MeV. A predicted backward-peaked

energyw and a momentum transfer angular correlation in the neutron decay due to interference
between theT=1 GDR andT=0 GQR was not observed.
40 The isoscalar nature of theE2 resonance for the
b1—§ —ay, (4.2 160(e e’ 16 ' :
o) (e,e'ng) and “°O(e,e’py) reactions below about 22
MeV is suggested by the opposite signs of the paraméters
b,=—2a,, (4.3 andbs. Above about 22 MeV, large positive valuestmfand
b, in (e,e’py) compared with small ones ire(e’ng) reflect
b —Zﬂa (4.2 a contribution due to the direct-knockout process in
3 0 ' (e,e'py). The ¥0O(e,e’ny) and *°C(e,e’n,) angular corre-

. lations were confirmed to be similar as expected from the
The comparison of the parameters betwé¥d(e,e'ng) and  similarity of their particle-hole configurations. Good agree-
1®0(y,no) is shown in Figs. &)—8(d). The b, values for  ment including the fine structure for bof§O(e,e’n,) and
both reactions agree fairly well. This implies a similarity for 160+, n,) form factors, confirmed GDR dominance in this

the E1 excitation and the decay mechanism for both reaCenergy region_ Th@l and b2 parameters for both reactions
tions as indicated in the form factors. One of the interferencgree well, but the behavior &f; is quite different.

parameterd, is in good agreement for both reactions, but
for by the fluctuation in ¢,ng) was not observed in
(e,e’ng). A smooth b; behavior is observed for the
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