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Projectile D and target Roper excitation in the p„d,d8…X reaction
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In this paper we compare a model that contains the mechanisms ofD excitation in the projectile and Roper
excitation in the target with experimental data from two (d,d8) experiments on a proton target. The agreement
of the theory with the experiment is fair for the data taken atTd52.3 GeV. TheD excitation in the projectile
is predicted close to the observed energy with the correct width. The theory, however, underpredicts by about
40% the cross sections measured atTd 5 1.6 GeV at angles where the cross section has fallen by about two
orders of magnitude. The analysis done here allows us to extract an approximate strength for the excitation of
the Roper@N* (1440)# excitation and a qualitative agreement with the theoretical predictions is also found.

PACS number~s!: 25.45.2z, 14.20.Gk
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I. INTRODUCTION

The (a,a8) reaction on a proton target measured
Saclay@1# has been instrumental in setting the question
the mechanism ofD excitation in the projectile~DEP!, which
was introduced in Ref.@2# in order to describe the (3He,t)
reaction inp andd targets@3#. That mechanism plays a neg
ligible role in the (3He,t) reaction on proton targets but
quite important in the same reaction on neutron targets
was predicted to be dominant in the (3He,3He) reaction on
proton and neutron targets@4#. Prior to the (a,a8) experi-
ment the relevance of the DEP mechanism was a subje
debate@5,6#, particularly because of the small strength of th
mechanism in the (3He,t) reaction on proton targets, whic
allowed interpretations omitting it@7,8#. The (a,a8) reaction
on a proton target is ideal to isolate the DEP mechan
since, because of isospin, theD excitation on the proton
target is forbidden. This allowed us to test the ideas int
duced in Ref.@2# and indeed the large peak in the experime
@1# corresponding to DEP was well reproduced@9#.

In addition to the issues discussed above, the (a,a8) ex-
periment @1# observed a smaller peak at higher excitati
energies which was attributed to the Roper excitation. T
mode of excitation of the Roper is novel, since it involves
isoscalar source, and can be relevant in determining
strength of three body forces@10# and providing new tools
for the comprehension of theNN→NNpp and related reac
tions @11#.

The strength of the isoscalarNN→NN* transition was
determined empirically from the experimental data in R
@12#, where the model of Ref.@9# for DEP was used and th
interference of the two mechanisms was also considered.
analysis proved consistent with the present knowledge
position, decay width and partial decay widths of the Ro
and helped to narrow the experimental uncertainties on th
magnitudes.

The issue of strong isoscalar excitation of nucleon re
nances has captured more attention after the first inclu
(dW ,d8) data were obtained@13#. The T20 data obtained a
0556-2813/2000/61~4!/044605~7!/$15.00 61 0446
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Dubna on the proton and12C, are given in Ref.@14# and the
final data tables are published in Ref.@15#. In Ref. @16# po-

larization observables for the (dW ,d8) reaction on proton tar-
gets are discussed bringing new information on electrom
netic form factors of the deuteron and on mechanisms
strong excitation of nucleonic resonances. The descrip
done in Ref.@12# was extended to higher energies of arou
10–15 GeV@17#, showing that the magnitude of the Rop
excitation can be increased by about one order of magnit
and the relative strength of the Roper signal to the one of
DEP mechanism becomes of the order of unity, much big
than in the (a,a8) experiment@1# where it is about 1/4. In
Ref. @18# polarization observables in the (pW ,pW 8) on a 4He
target are studied with its view towards possible experime
to be carried out at the Indiana Cyclotron.

The program of nucleon resonance excitation using ba
onic interactions is thus catching up, and certainly will bri
complementary information to the one obtained with elect
magnetic probes or meson induced excitation.

The present work, DEP and Roper excitation on t
(d,d8) reaction on proton targets, should be considered a
complement to the one of the (a,a8) reaction@12#. The fact
that the deuteron has an isospinI 50 makes the two works
similar sinceD excitation on the proton target is forbidden
both cases and only DEP and Roper excitation are allowe
the region which we study. However, the fact that the d
teron has a total spinJ51 induces some differences wit
respect to the (a,a8) reaction and sets different constrain
on the theoretical models. With new experiments on this
sue coming, the need to have reliable theoretical model
extract the relevant information becomes apparent, and
this sense our present work is a valuable one. We have ta
advantage of the existence of experimental information fr
Saclay measurements of the (d,d8) reaction and we presen
here a paper where the theoretical ideas are exposed, the
are presented and a discussion is made from compariso
theory and experiment.

Early work on the present reaction at different kinemat
is done in Ref@19#. We will compare the theoretical result
©2000 The American Physical Society05-1
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of the model with recent (d,d8) measurements done a
Saclay @20# and older (d,d8) measurements@21# done at
lower energies and larger angles.

II. FORMULATION

In this section we consider a theoretical model of t
(d,d8) reaction on the proton target. We include two pr
cesses,D excitation in the projectile and Roper excitation
the target, which are shown in Fig. 1 and are the domin
processes in this energy region@12#. We include both thepN
and 2pN decay modes of the Roper resonance. Since
need to take care of the interference between the projectiD
process and the target Roper process decaying intopN, we
treat the Roper→pN and Roper→2pN processes sepa
rately. We take the same model which was used to ana
the (a,a8) reaction at 4.2 GeV and use the same values
all parameters@12#.

The cross section for the 1p decayD and Roper pro-
cesses is given by

d2s

dEd8dVd8

5
pd8

~2p!5

Md
2M2

l1/2~s,M2,Md
2!
E d3pp

1

EN8 vp

3S̄SuT1pu2d~Ed1EN2Ed82EN8 2vp!,

~1!

wherel ~•••! is the Källen function ands the Mandelstam
variable for the initialp-d system, and momentum conserv
tion, pW d1pW N5pW d81pW N8 1pW p is already implied. The projectile
D mechanism (TD) leads to apN through the decay of the
D. Part of the Roper excitation mechanism leads to the s
final state through the decay of theN* into pN. We call this
latter pieceT

*
1p . Hence the sum of the two mechanisms lea

ing to pN is given by

FIG. 1. Diagrams for thep(d,d8)X reactions considered in thi
paper. They are~a! the D excitation in the deuteron and~b! the
Roper excitation in the proton. Thes exchange must be interprete
as an effective interaction in the isoscalar exchange channel@12#.
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T1p5TD1T
*
1p . ~2!

The nucleon and deuteron spin sum and average of e
uTu2 and plus the interference term can be written as

S̄SuTDu25
16

27
Fd

2S f *

m D 4S f

m D 2

uGDu2S 2q2

qW 2 D @~Vl 8
2

15Vt8
2

!pW D
2

13~Vl 8
2

2Vt8
2

!~pW D•q̂!2#, ~3!

S̄SuT
*
1pu2512Fd

2S f 8

m D 2

gsNN
2 gsNN*

2 uG* u2uDsFs
2 u2pW

*
2 ,

~4!

S̄S~T
*
1p* TD1TD* T

*
1p!

52 ReH 16

3
Fd

2 f 8

m S f *

m D 2 f

m
gsNNgsNN* Ds* G

*
* GDFs

2

3@Vl 8~pW * •q̂!~pW D•q̂!1Vt8„p
W
* •pW D2~pW * •q̂!

3~pW D•q̂!…#JA2q2

qW 2
, ~5!

whereGD and G* are the propagators of theD and Roper
resonances,Ds the propagator of thes meson,Fs thesNN

vertex form factor. The momentapW * ,pW D , andqW are the pion
momenta in the Roper rest frame, pion momentum in theD
rest frame, and momentum transfer between the nucle
respectively.Vl 8 andVt8 stand for the longitudinal and trans
verse parts ofNN→ND effective interaction which includes
p, r, andg8 contributions, whereg8 is the Landau-Migdal
parameter which is meant to account for short range cor
tions to thep andr exchange. Thef 8s andg8s are coupling
constants. All details, including parameter values, are sho
in Ref. @12#.

The functionFd is the deuteron form factor defined as

Fd~kW !5E d3rw* ~rW !eikW• rW/2w~rW !, ~6!

where w(r ) is the relative wave function of the deutero
obtained from the Bonn potential@22#. The momentum trans
fer of the deuteron is denoted bykW5pW d2pW d8 taken in the
initial deuteron rest frame. We have included only t
s-wave part of the deuteron wave function for simplicit
The contribution from the target Roper process decaying
2pN is calculated separately as

d2s

dEd8dVd8

5
pd8

~2p!3

2Md
2M

l1/2~s,M2,Md
2!

S̄SuTppu2uG* u2G
*
pp

~7!

with

S̄SuTppu254Fd
2gsNN

2 gsNN*
2 uDsFs

2 u2 ~8!
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PROJECTILED AND TARGET ROPER EXCITATION IN . . . PHYSICAL REVIEW C 61 044605
using the partial decay width,G
*
pp , whose explicit form is

shown in the Appendix of Ref.@12#. This contribution is
added to the 1p contributions incoherently.

III. DISCUSSION OF EXPERIMENTAL RESULTS

We compare our theoretical results with two independ
experimental data sets. One has been obtained recent
Td52.3 GeV at Saturne@20# and another was measure
some years ago atTd51.6 GeV@21#.

First, we consider the new data which were obtained d
ing a short run at Saturne with a deuteron beam of 2.3 G
The deuterons were directed onto a 4 cmthick liquid hydro-
gen target with thin Ti windows (15mm). After going
through a 40 cm thick lead collimator, the scattered deu
ons were momentum analyzed at very small angles using
SPES4 spectrometer@23# with a momentum acceptance o
63% and a resolution of'1023. In the focal plane of the
spectrometer, the scattered deuterons were detected usin
three front wire chambers of the extended vector polarim
POMME @24#.

In this experiment, special care was taken to minimize
possible experimental backgrounds. A missing mass s
trum was measured at 1.1° in five different momentum bi
respectively, centered on 2.6, 2.8, 3.0, 3.2, and 3.45 GeVc,
covering an excitation energy region up to 600 MeV. T
spectrometer acceptance is 15% of the central momen
leading to smaller momentum bites for higher excitation
ergies. In order to get the most out of the limited beam ti
in terms of number of counts in each bite and range of c
erage in excitation energy, the momentum bites were se
follows: two overlapping bites around 200 MeV of excitatio
energy, where the excitation of theD resonance in the pro
jectile is expected, and, three non overlapping bites span
the excitation energy range from 300 to 600 MeV, where
wide Roper resonance is expected~the kinematical limit is at
680 MeV of excitation energy!. The target was located ou
side of the magnetic field of the spectrometer so the us
SPES4 corrections for correlations between scattering a
and scattered momentum were not necessary.

The cross section spectrum was binned in 10 MeV st
of excitation energy. For each setting of the spectrome
empty target measurements were taken for background
traction. The ratio of full to empty target was in the range
8 to 10 dropping to 2 for the lowest setting of the spectro
eter ~corresponding to high excitation energies!. We could
not get clean measurement at momenta smaller than
GeV/c because of the large background due to rescatte
through the lead collimator. When present, this backgro
shows a strong angular dependence; taking into accoun
shape of the collimator, different cuts on angular accepta
lead to substantial changes in the shape and slope of
spectrum. For all momentum bites shown in Fig. 2, the o
line analysis of full versus empty target spectra and softw
cuts on angular acceptances showed no changes in the s
of the spectrum; only overall scaling of the spectrum con
tent with the changes of the solid angle, were observed. T
extensive off-line analysis led to the conclusion that no s
nificant experimental background was present for these
04460
t
at

r-
.

r-
he

the
er

ll
c-

s,

m
-
e
-
as

ng
e

al
le

s
r,
b-

f
-

.4
g
d
he
ce
he
-
re
ape
-
is
-
o-

mentum bites. Absolute cross sections were determined
ing monitors calibrated with the Carbon activation meth
@25#. This is the well tested standard method of normaliz
tion used at Saturne.

The measured missing mass spectrum shown in Fig.
dominated by a large structure centered around 200 M
This structure has been identified as the excitation of
Delta resonance in the incoming deuteron. The cross sec
drops sharply between 200 and 300 MeV of excitation
ergy. Between 300 and 600 MeV, there seems to be an
cess of cross section above the high energy tail of theD
resonance. There seems to be a discontinuity in the meas
cross section around 500 MeV of excitation energy. T
corresponds to the highest excitation energy bite that we
cleanly measure and could be affected by the subtraction
relatively large empty target contribution.

In Fig. 2, we compare our theoretical results~including all
reaction mechanisms described in Sec. II! with these experi-
mental data. We have plotted on the same figures the dif
ent curves corresponding to the excitation of theD alone, the
excitation of the Roper alone and the total cross section
ing into account the interference between the two. For
excitation of the Roper, the contributions for thepN and
2pN channels are also shown. We see that the projectilD
excitation makes a large contribution to the cross sec
around 200 MeV. The calculation correctly reproduces
excitation energy of theD and its width, however, it over-
predicts the cross section at the maximum by at least 2
The excitation of theD in the projectile cannot account fo
the observed cross section between 300 and 500 MeV.
range of excitation energy is where we are expecting
Roper resonance to be and the calculation indeed pred

FIG. 2. The double differential cross sectiond2s/dMIdV is
shown as a function of excitation energy of the proton. TheMI is
the invariant mass of the target system. Solid circles indicate
experimental data obtained in Ref.@20#. The theoretical calculations
are also shown in the figure, which are total spectrum~solid line!,
contribution fromD excitation~dashed line!, and contribution from
Roper excitation~thick dotted line!. The Roper contributions decay
ing into pN andppN are separately shown as thin dotted lines
5-3
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S. HIRENZAKI, E. OSET, C. DJALALI, AND M. MORLET PHYSICAL REVIEW C61 044605
this excess of cross section to be due to the excitation of
Roper resonance. The calculation again overpredicts
measured cross section in this region.

In order to extract the excitation of the Roper in the 200
600 MeV region, we assume that the shape of the calcul
DEP is correct and we normalize it to the experimental sp
trum at the maximum of theD. This leads to an overal
normalization factor of 0.85. We then subtract from the m
sured data the calculated differential cross section for
excitation of theD and the interference between Roper ex
tation andD excitation in the projectile, as described in E
~5!, also multiplied by the same normalization factor 0.8
What is left should mainly correspond to the excitation of t
Roper resonance plus some physical continuum. In Fig. 3
plot the measured data points, the predicted calculations
malized by 0.85 and the excess of cross section left once
DEP and interference contributions are subtracted. The
cess of cross section has a maximum around 400 MeV
width at half maximum of about 230 MeV, and an asymm
ric shape with a long low energy tail. The calculation of t
Roper contribution, normalized by the factor 0.85, agre
qualitatively in shape and strength with the experimen
cross section left once we have subtracted the DEP and
interference. Only the theoretical peak is shifted to hig
excitation energy by about 25 MeV. The total experimen
excess cross section, up to 540 MeV, is 3268 mb/sr to be
compared to the predicted cross section of 28 mb/sr for
Roper resonance. As mentioned earlier, this experime
cross section should be in principle an upper limit since
underlying continuum corresponding to other physical p

FIG. 3. The double differential cross sectiond2s/dMIdV is
shown as a function of excitation energy of the proton. TheMI is
the invariant mass of the target system. Solid circles indicate
experimental data obtained in Ref.@20#. The theoretical calculations
normalized by a factor of 0.85 are also shown in the figure, wh
are total spectrum~solid line!, contribution from D excitation
~dashed line!, and contribution from Roper excitation~dotted line!.
Solid triangles are Roper contribution extracted from the data
subtracting the calculatedD and interference contributions with
normalization factor of 0.85.
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cesses has been subtracted. However, in Ref.@12# other pos-
sible mechanisms were studied, and they were found to
small, leaving only theD excitation in the projectile and
Roper excitation in the target as responsible for the reac
cross section in the energy region studied here. Accordin
this, the signal obtained here for the Roper excitation, wit
experimental and theoretical uncertainties, should be ra
fair.

An empirical way to subtract the DEP contribution w
done in Ref.@20#, and this is shown in Fig. 4. The shape
the excitation of theD in the projectile is taken from the
measurements of Baldiniet al. @21#. The assumption being
that atTd51.6 GeV, the measured spectrum is mainly dom
nated by the DEP mechanism and therefore its shape
good empirical shape for this excitation. This shape is n
malized to the data obtained atTd52.3 GeV, at the maxi-
mum of theD resonance. Once this empirical DEP contrib
tion and also the interference contribution evaluated as in
previous case are subtracted, a wide structure is left, cent
at 350 MeV with a width at half maximum of 230 MeV. Th
total cross section in this structure~up to 540 MeV of exci-
tation energy! is of the order of 3468 mb/sr. This value is in
agreement with our previous determination of the exc
cross section. The shape of the excess cross section is
symmetric than on the previous case and this is possibly
to the fact that the empirical spectrum taken from Ref.@21#
already contains some contribution from the excitation of
Roper.

We have also compared our theoretical results with d

e

h

y

FIG. 4. The double differential cross sectiond2s/dMIdV is
shown as a function of excitation energy of the proton. TheMI is
the invariant mass of the target system. Solid circles indicate
experimental data obtained in Ref.@20#. The solid line indicates the
D excitation contribution extracted from data obtained in Ref.@21#
and normalized to present data at the peak. The Roper contribu
calculated by our model and normalized by a factor of 0.85
shown by dotted line. Solid triangles are Roper contribution
tracted from the data by subtracting theD contribution shown by
the solid line and the calculated interference contribution with
normalization factor of 0.85.
5-4
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PROJECTILED AND TARGET ROPER EXCITATION IN . . . PHYSICAL REVIEW C 61 044605
at 1.6 GeV@21#. The data measured at 6.59° and 8.05°
respectively compared to our predictions in Figs. 5 and 6

Our calculated results reproduce the overall shape of
spectrum well. However, the theoretical results are ab
30% smaller than the data at 6.59° and about 40% at 8.

FIG. 5. The double differential cross sectiond2s/dpdV is
shown as a function of the emitted deuteron momentum atTd

51.6 GeV. Solid circles indicate the experimental data obtaine
Ref. @21#. The theoretical calculations are also shown in the figu
which are total spectrum~solid line!, contribution fromD excitation
~dashed line!, and contribution from Roper excitation~dotted line!.

FIG. 6. The double differential cross sectiond2s/dpdV is
shown as a function of the emitted deuteron momentum atTd

51.6 GeV. Solid circles indicate the experimental data obtaine
Ref. @21#. The theoretical calculations are also shown in the figu
which are total spectrum~solid line!, contribution fromD excitation
~dashed line!, and contribution from Roper excitation~dotted line!.
04460
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This discrepancy has to be looked at, however, in the pro
perspective. Indeed, the angles where the cross section
measured in Ref.@21# areu>6.6°. At the smallest angle th
cross section has fallen by a factor of 30 from the forwa
direction. This fall down is mostly due to the deuteron for
factor which involves large momentum transfers. In this ca
our neglect of thed wave in the deuteron is not justified
This, and other approximations could explain these discr
ancies. In view of the fact that they represent only about 1
of the integrated cross section, we pay no further attentio
these discrepancies, but the qualitative agreement found
gives partial support to the model.

In what follows we would like to make some estimates
the theoretical uncertainties in the present analysis of
data. One of the sources of uncertainty is our neglect of thd
wave in the deuteron wave function. The other one is
possible effect of Fermi motion in the deuteron. These t
factors could change the shape on theD excitation strength
and hence lead to uncertainties in the Roper excitation a
the DEP strength and interference are subtracted from
data.

We begin by the effect of Fermi motion. The deuter
Fermi motion is considered here in the same way as don
Ref. @9#. It affects theD propagator which enters the evalu
ation of the DEP mechanism. This propagator is given b

GD~s!5
1

As2MD1
i

2
GD~s!

, ~9!

where the variables is taken as

s5~q01M !22S qW 1pW p

2
D 2

, ~10!

whereq and pp are the momenta of the exchanged mes
and the emitted pion, respectively, taken in the frame of r
erence where the deuteron is at rest. In this approxima
the momentum transfer is shared equally by the initial a
final nucleon in the deuteron. The fairness of this appro
mation to account for Fermi motion of the nucleus was w
established in Refs.@26,27# in the study of coherent pion
photoproduction with similar momentum transfers as he
However, in order to see the effects of Fermi motion a
have a feeling for possible uncertainties from this source
have conducted new calculations in which in Eq.~10! we
assume the initial momentum of the struck nucleon of
deuteron to be zero. This replaces (qW 1pW p)/2 in that equation
by qW .

We can see the results of the new calculation in Fig.
We can see that the strength of theD excitation is increased
by about 20%. The prescription followed here to account
Fermi motion was found in Refs.@26,27# to be rather accu-
rate, but even then we see that the effects of ignoring
altogether do not bring drastic changes in the cross sec
The possible uncertainties from this source are further m
mized if we normalize the theoretical results to the expe
mental cross section, as we have done in the analysis of

in
,

in
,

5-5
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work. Indeed, if we do so we obtain the results shown in F
8, which are shown superposed to those of Fig. 3. As we
see there, the differences found between neglecting
Fermi motion, or taking it according to our prescription, a
very small up to 500 MeV of excitation energy, once t
normalization of the cross section around the peak of
delta resonance is done.

As for thed wave of the deuteron we have proceeded
follows: In the evaluation of the deuteron form factor of E

FIG. 7. The double differential cross sectiond2s/dMIdV is
shown as a function of excitation energy of the proton. TheMI is
the invariant mass of the target system. Calculated total spec
~solid line! andD excitation contribution~dashed line! are shown.
Thin lines are the same results as shown in Fig. 2. Thick li
indicate the results obtained neglecting the Fermi motion of nucl
in the projectile, see text.

FIG. 8. Same as Fig. 7 except for the normalization to the
perimental strength. Thin lines correspond to the calculated res
in Fig. 3.
04460
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~6! we have taken only thes wave of the deuteron so far
Inclusion of thed wave into our scheme would lead to tw
parts. One with the same structure as we have, which g
with the j 0(kr/2) component of the exponential, but subs
tuting u2 by u21w2 in Eq. ~6! (u and w are thes- and
d-wave parts of the deuteron wave function, respective!,
and another one which goes with thej 2(kr/2) component of
the exponential. Detailed evaluations of these two parts
the deuteron form factor can be seen in Ref.@28# and there
we see that up to 500 MeV/c the j 2 part of the form factor
contributes less than 10%. On the other hand the differe
between thej 0 component evaluated with just thes-wave
~normalized to unity! on thes plus d-wave parts of the deu
teron wave function are smaller than 4% up to this mom
tum. In our case 500 MeV/c momentum transfer correspond
to an excitation energy of around 550 MeV in Fig. 2, just t
tail of the distribution beyond the Roper excitation regi
which we have studied here. On the other hand in the cas
Fig. 5, 500 MeV/c would appear atpd around 2.25 GeV/c
and in Fig. 6 one has already 500 MeV/c momentum transfer
around the peak of the distribution. Hence, our neglect of
d-wave part of the wave function would induce more unc
tainties, in the line we discussed above when we discus
the Baldini’s data.

Altogether, we can safely say that in our analysis of t
Roper excitation the uncertainties coming from the theor
cal model and approximations done are at the level of 1
15 %.

IV. CONCLUSION

With the help of a theoretical model previously used
analyze the (a,a8) reaction on the proton, exciting theD in
the projectile plus the Roper, we have analyzed data on
(d,d8) reaction on proton targets at a deuteron energy
GeV. The use of the model becomes necessary because
is an important interference between the mechanism of d
excitation in the projectile and Roper excitation in the targ
~followed bypN decay!. We observed that the model gave
good reproduction of the shape of theD excitation in the
target, but the normalization exceeded the data by ab
20%. In view of that in order to subtract this contributio
and obtain the strength for Roper excitation, we found
justified to normalize the theoretical results by a factor 0
which leads to good agreement with the data in theD exci-
tation region. Similarly we multiplied by the same factor th
interference term, calculated theoretically, and these
pieces of ‘‘background’’ were subtracted from the measu
data in order to obtain the Roper excitation strength. W
found a qualitative agreement with the theoretical predictio
for Roper excitation of the model, also normalized by t
same factor.

In order to estimate uncertainties due to the use of a
oretical model in the analysis we compared our results
those obtained in Ref.@20#, where an empirical approach wa
used to subtract the DEP contribution using the shape of
D resonance excitation from a previous measurement at
lower energies, where there should be a small contributio
Roper excitation. The results obtained with both metho
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agree qualitatively, the integrated strengths obtained
similar, only the peaks of the Roper strength appear a
shifted with respect to each other in the two analyses.
estimate that considering statistical and systematic errors
latter ones from the model dependence of the subtracti
the strength of the Roper determined here is accurate w
25%, and within these errors the agreement with theory
be claimed acceptable. The shape and the width of the R
strength are compatible with the empirical information ab
the resonance.

The present analysis confirms the substantial strength
NN→NN* transition in the scalar channel which has be
shown already to have important repercussions in differ
physical phenomena at intermediate energies. These re
.
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04460
re
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nt
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and the importance that the isoscalar excitation of the Ro
is bound to have in other processes, should stimulate fur
experiments at higher energies.
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