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Roper excitation in a-proton scattering
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We study the Roper excitation in ther(«’) reaction. We consider all processes which may be relevant in
the Roper excitation region, namely, Roper excitation in the target, Roper excitation in the projectile, and
doubleA excitation processes. The theoretical investigation shows that the Roper excitation in the proton target
mediated by an isoscalar exchange is the dominant mechanism in the process. We determine an effective
isoscalar interaction by means of which the experimental cross section is well reproduced. This should be
useful to make predictions in related reactions and is a first step to construct eventually a microscopic
NN—NN* transition potential, for which the present reaction does not offer enough information.

PACS numbds): 25.55.e, 14.20.Gk, 14.40.Cs

[. INTRODUCTION approximations and assumptions were done to determine the
shape of the\ projectile contribution, and the strength was
We investigate theoretically thex(«') reaction on a pro- fitted to reproduce the peak. In R¢b] a more elaborate
ton target at intermediate energies in order to obtain newnicroscopic evaluation was done and both the shape and
information on the reaction mechanism and the properties ahagnitude of the cross section were determined. As a conse-
hadron resonances, especially the Roper resonance. The faglence there are some differendest too large in the A
that the« particle has isospim=0 is particularly useful, background evaluated in Refd] and[5], and the strength
since, due to isospin conservation, it reduces the number @ff the Roper resonance at its peak is about 20% larger if the
reaction mechanisms which contribute to the reaction an%ackground of5] is subtracted instead of the one[i.
allows an easier interpretation of the results. In the present paper we study the different mechanisms
The experimental study of thex(a’) reaction on the pro-  that can lead to the Roper excitation in the,&’) reaction
ton target was done in Refl]. Two clear peaks were ob- on the proton. However, instead of extracting the Roper sig-
served there: a large one, which was associated in[Ref. nal by subtracting thé background from the experimental
with A excitation in the projectiléDEP), and a small one, at  cross section, we use the theoretical model of fgf.which
higher excitation energies, which was attributed in REfto  provides theA excitation, and add to it the new mechanisms
the Roper excitation in the target. This latter assumption rethat excite the Roper resonance. This includes also the inter-
quires the Roper resonance to be excited by the mediation @&rence term between the target Roper and projeatilex-
an isoscalar interaction which stimulated the authors of Refgjtations, which are found to be the dominant mechanisms.
[1] to interpret the Roper resonance as a monopole excitatiofyith this global model we obtain cross sections which are
of the nucleon. _ compared to the data in order to extract new information on
The idea of the DEP mechanism was suggested theoretihe Roper resonance. We find that the reaction provides the
cally in Ref.[2] in connection with the {He,t) reaction on  strength of an effective isoscalar exchange for the
nucleons and nuclei. It was found there that this mechanisryN— NN* transition.
produced small changes in théHet) reaction on proton In Sec. Il we calculate all processes which may be rel-
targets with respect to the dominant mechanism @Xxcita-  evant in the energy region of Rdfl], namely, Roper exci-
tion in the targeDET), but the changes were important in tation in the target, Roper excitation in the projectile, and
the reaction on neutron targets. Thanks to this mechanisngouble A excitation processes. We compare the calculated

the excitation function of the®He,t) reaction on deuteron results with experimental data in Sec. IIl. We summarize this
targets[3] was well reproduced4]. However, the clearest Paper in Sec. IV.

proof of the DEP mechanism was found in the experiment o

Ref.[1] since, for reasons of isospin conservation, the DET

mechanism is forbidden and aII' the strength Aipexcitation IIl. MODEL FOR THE (a,@') REACTION

comes from the DEP mechanism. A theoretical study was

done in Ref[5] along these lines and the large peak corre- In this section we consider a theoretical model of the

sponding toA excitation was nicely reproduced. (a,a’) reaction on the proton target in th® and Roper
Another interesting aspect of the work of REf] is thatit ~ energy region. The reaction mechanisms which we consider

provides an accurate tool to evaluate the “background” ofhere are summarized in Fig. 1. We include all processes

the (a,a') reaction which is necessary in order to obtain thewhich may be important in this energy region. In Figa)l

strength for the Roper excitation. Given the fact that thiswe show theA excitation in the projectile. Since thke can-

background is much larger than the Roper signal, the precisaot be excited in the targgf], this is the only process to

determination of the background is important in order to as€xcite the single in the reaction. We can find the detailed

sess the magnitude of the Roper excitation. In REfsome  description of the calculation and the results for this channel
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FIG. 1. Diagrams for thed,a’) reaction which we consider in
this paper. They aréa) A excitation in the projectile calculated in
Ref.[5], (b) Roper excitation in the targetc) Roper excitation in
the projectile with decay interN, (d) Roper excitation in the pro-
jectile with decay intorwN, and(e) double A excitation. Theo
exchange must be interpreted as an effective interaction if @
exchange channésee text

in Ref. [5]. All the other channels are new and they are

discussed below.

We consider the diagrams for the Roper resonance exc

tation depicted in Figs. (b)-1(d). In Fig. 1b) the Roper

resonance is excited in the target by the exchange of so
isoscalar objects between tleand the proton. Because of

isospin conservation of the, the isovector mesonsm(and

p) do not contribute in this process. The cross section for this; 7 —

process is given by
d?c
dE, dQ

Par ZME!M < D~k ke | 2Tk e
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wherel (- - -) is the Kallen function an&* (s) is the propa-
gator of the Roper resonance defined as

G*(s)= @

\/E—M*+|§F*(s)

where M* is the mass of theN*, M*=1440 MeV, and
I'* (s) is the energy-dependent Roper widf,

3
F*(S):F*(SZM*Z)qqc.m_(S) "

g.m.( M * 2) '

with T'* (s=M*?2) =350 MeV andq m(s) the = momentum

in the center of mass frame efN system with the energy
Js. Equation (3) assumes for thes dependence that the
dominant decay channel N* —7N. We will modify the
width in the next section as described in the Appendix in
order to be more consistent with the experimental data. In
what follows, for simplicity, we construct a model assuming
o exchange alone as responsible for the isoscalar part of the
NN—NN* transition. Further on we shall reinterpret the
meaning of this phenomenologically derived™exchange.
The spin sum and average |df|%> can be written as

33| T|2=16F2g% e 92nnI Do (@ F2(a)]2,

a 4
where we are assuming couplings of theto the N and

N* of the typeg,nntv¥¢ and g nn ¥n+ v+ H.cC. In Eq.
(4), D,(q) is the propagator of thee meson defined as

D,(q)= m, 6)
with m, = 550 MeV, andF ,(q) is the o form factor[7],
A2—m2
Fo(a)= fi_—qg, (6)

with A, = 1700 MeV. In Eq.(4), F, is thea-a’ transition
form factor which includes the distortion effects and depends
on the momentum transfer betweenand a’. The form
factor is the same as that explained in R&f.and accounts
for the distortion of the nucleon wave plus the distortion of a
ion wave from the point of production of the pion. It thus
anlicitly assumes that the resonance will decay into the
7N system. The pion distortion is slightly changed here. We
use the same eikonal form as in Rdb] but take
—p,op with o the 7N experimental cross section
and p the nuclear density. This is appropriate at the higher
energies met in the present problem where the model of Ref.
[5]is not meant to be applied. TheNN coupling constant is
taken from the Bonn potenti@V], g2y\/4m=>5.69, and the
oNN* coupling constang,yn+ iS an unknown parameter
which we shall determine from the experimental data. We
should, however, bear in mind that we are constructing an
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effective isoscalar interaction and those couplings have not I*(s*) E* ,
to be taken literally as the meson baryon couplings of a mi- ~ 8(Ea+En—Eor—E*)—=——— 5 [GX(s)[%, (7)
croscopic model like ifi7]. Yet it is useful to takey,,yn as in

the Bonn model since it already provides the appropriaté© as to include all decay channels of the Roper resonance.
scale of the interaction strength In the process shown in Fig(d, the Roper resonance is

excited in the projectileg particle, and decays inteN. The
n qrder to ge.t Eq(l) we have replaced the energy con- Roper resonance is excited layandp exchange between the
servationé$ function in terms of the Roper propagator a”dtarget and the projectile. We include batti and#° for the

width as follows: final state. We can write the cross section as
|
&o  _ P MaM? fd3 L SSITPS(E,+E(-E, —E 8
dEa, an,_(z,n_)5 )\1/2(S,M2,Mi) pﬂ—EN'wﬂ— | | ( a+ N~ Ea ™ N’_wﬂ')' ()
The spin sum and average |df|? for this process is
. 2 2f2f’4**2 2 2 > ~\2 2 =2 _q2
S3[T|=48F 2\ |G* (s*)[HIV () = V{ (D I(Prem: D+ V(D) Prem) & | ©)

where q=py—Pn's Prem. iS the pion momentum in the (10), (11) is taken in the Roper rest franig]. The invariant
Roper rest frame, antf/4m=0.08, f' =0.472[6]. The fac- Massy/s* of the Roper resonance is approximated to be
tor (—qzlﬁz) arises from the relativistic invariantNN ver- . -2

tex [5]. V|, V| stand for the longitudinal and transverse S*:(qo+M)z_<q+pﬂ) (12)

parts of theNN— NN* interaction. We have taken 2 '

52 ) using the momentum variables in therest framg5]. In this
Vi(@=| =3 F=(+g" |, (100 approximation the momentum transfer is shared equally by
A —q —nu the initial and final nucleon in the.

Now we consider the process of Figd}, the projectile
(11) Roper excitation which decays into the nucleon and the two

' pions in theT=0, S-wave channel, which carries a certain

fraction of the Roper widtH8]. We have again only the
where F(q) and F,(q) are the pion andg-meson form isoscalar exchange contribution because of isospin conserva-
factor in the form of Eq.(6) with A,=1300 MeV and tion, which is accounted for by means of the effective
A,=1400 MeV,C,=3.96(7], andg’, the Landau-Migdal exchange used for diagrafi). The cross section can be
parameter, is taken to be 0.60. The momentyrnn Egs. expressed as

q° )
V’(q)=(—a Fo(a)C,+g’
t q°2—q2—m§ p p

|
&o __Pu M M2 fd‘* 1fd3 L SSITI?5(E,+Ey-E, ~E 13
dEar an/ - 2(277)8 7\1/2(S,M2,Mi) pfrrzw_ﬂ_2 p7T1 EN’w'n'l | | ( @ N a' N’ wTrl w‘ITZ)' ( )
|
The spin sum and average |df|2 is now with the momenta in thex rest frame.
We omit details of the effective Lagrangians and cou-
E_2|T|2=§64F2C292 g2 1G*(s*)[2D (q)Fz(q)|2 plings used for the different vertices. All of them are com-
27" @ FoNNZoNN o piled in Appendixes A and B of Ref6] and we follow them

(14)  strictly. The factors in front of Eq.(14) is an isospin factor
which sums the contribution of the™ 7~ decay channel and
the 7°#° decay channefwhich has the facto$ of symme-
try).

In addition to this decay channel we could add the
N* — A channel which carries a fraction ¢20—-30% of

(15) the N* decay width. However, as we shall see, the projectile

’ Roper excitation mechanism with the dominait decay

whereC is the coupling constant of thg* —N+ 27 decay
and C=—2.66u"! [6]. The variables* is obtained in a
similar way as in Eq(12),

- > > \2
4+ Pyt Pa,
2

s*=(q°+M)2—
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channelN* — 7N [Fig. 1(c)], which we have studied before, where the propagator and the width of theare defined as
gives a negligible contribution, basically because of the
small #NN* coupling. Since in this case one has again the

1
exchange ofr andp mesons as in Fig.(&), and the fraction Ga(s)= - (17)
of theN* — A decay is smaller than that & — 7N, this Js—M+ I—FA(S)
mechanism should give even a smaller contribution and we 2

do not evaluate it here.
Finally we consider the doubld excitation process as and
shown in Fig. 1(e). We haves and p meson exchange in
this process and we have twb resonances: One is in the f*\2M

21
target and the other one in the projectile. The cross section is Ia(s)= 3 E(;) ﬁqg.m.’ (18

2 2
de  _ p“’a - M“'\f 5 with M,=1232 MeV, f*2/47=0.36, andq. ., the = mo-
dE, dQor (2m)° N74(s,M%,MY) mentum forA decay at rest with masgs in the 7N system.
3p,_ The indexA+ indicates theA resonance in_the_ target. Here
X f w—EE|T|2|GAT(SAT)|2FAT(SAT), we replaced the energy conservatiriunction in terms of
G the A propagator and the width in the target in the same way

(16 as Eq.(7). The sum and average over spin/®f? is given as

— 16\24 *\6 R R .
EE'T'ZZH §Fi(ﬁ) |Gap(Sa ) IHIVIZ(@) = VI (Prem 824 ViA(@)P%e (19
whereV/| V| are defined in Eq410) and(11). The indexA; indicates theA resonance in the projectile. The magnitude of
Sa, Is defined as Eq(12). Equation(19) already accounts for the possibility of, 7,7~ decay of the projectilé and all
isospin channels of the targaAt

As we shall see later on, the diagrams of Figg),11(d), 1(e) are negligible and the two important mechanisms are given
by the diagrams of Figs.(d), 1(b). When we compare our calculated results with the @atawe include the interference of
the two processes. Obviously we must select onlyNtie- 7N decay channel in Fig.(bh) and evaluate the amplitude for this
process explicitly in order to have the same final state as in Ka@.ahd thus have some interference. The interference
contribution is given by Eq(8), replacing=3|T|? by

— 64 fr\*[f* f* ..
EE(T;*TA+TXTN*):2 R{§F2<90NNFUD090NN*FUG* ;) (;GA;[(V(_V{)(pr'Q)(pw*'Q)

- - f 2
+Vt,(p7rA'p1T*)]; (52 ) :|v (20)

where Ty« is the T matrix of the target Roper process fol- I. NUMERICAL RESULTS

'°We9 by_WN decgy,TA Is that of t_he projectiled process, We should mention first the gross features of the data. As
"’lnd Pra is the pion momentum in thé rest frame and 4, pe seen in Reffl], the observed cross section has a peak
P« IS in the N* rest frame. This last expression sums thearoundw =550 MeV after subtracting the contribution of the
contribution from the production of @° and a=™*. projectileA excitation[Fig. 1(a)] of Ref.[1], which indicates
We should note that the interference betweenTikel/2  the Roper excitatioil]. The data of the energy integrated
andT=3/2 excitationgwith the simultaneous different spin cross section of thilN\* peak are also available at several
excitation has appeared because they occur on differenangles[1]. The data of Ref[1] has been reanalyzed with a
nucleons, one in the target and the other one in the projectilenore precise background subtracti@]. With these correc-
Should these excitations have occurred both on the targgions the height at thé peak is about 15% lower than in
nucleon, there would have been no interference. In our casRef. [1]. In Fig. 2 we show the new spectrui] with the
the A excitation in the target is forbidden but it would have appropriate normalization deduced from the scales in the
appeared if we had &He projectile instead ofHe, and energy-integrated cross section of Réfl and the correction
there would be no interference betwedAnexcitation and in Ref. [9]. By subtracting theA background evaluated in
Roper excitation on the target. Ref.[5] we can see that the strength of the Roper excitation
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data. Thus we fix for the moment the strengthggf\«, the
4.2GeV, 0.8deg.

only unknown in the theory, in order to reproduce a strength
of the peak of about 0.2%mb/sr Me\). The value of the
coupling constant that we get @;:(ZTNN*/477:1.79. With this
coupling we can now evaluate the diagram Figd)land we
find, as shown in the figure, a very small contribution.

We can explain the reasons why those terms are so small
here. The cross section of the projectile Roper excitation can
be compared with that of the projectile excitation[Fig.

1(a)] in Ref. [5] directly. They have the same phase space
and the samd& matrix except for some factors. We found
that the cross section is so small simply because of the small

L by
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B R RN RN R RRTRNINN BRI B coupling constants. The cross section of the projectile Roper
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1200 1000 B0 ey 200 excitation can be evaluated from that of projectileexcita-

tion using a ratio of the coupling constantsf’/f*)*
FIG. 2. Calculated cross sections of the target Roper process and 2 4x 10~ 3.
the pbrlojec,t”eﬁ process{5] a]E Eba:f'4'2d GeVE a”dE‘):OT'ﬁO' IIhE For the doubleA process the reasons are the following:
variable Is the energy transfer defined @s=E, —E,. The thic First, the peak position of the targatexcitation is different
line indicates the sum of all contributions. Experimental data areT L o .
taken from Ref[10]. Here we usea?, /47 =2.35. rom that of the projectiled excitation because of the kine-
oNN* matics[2,4]. Hence, the cross section is the result of a small

at its peak is of the order of 0.2Bnb/sr Me\). overlap of two different resonance peaks. Second, the reso-

We evaluate the cross section with the mechanisms diglant strength associated with excitation in the projectile,
cussed in the former section and show the results in Fig. 3vhich peaks at small excitation energies, is now consider-
As we said, in the diagrams Fig(c and Fig. 1e) all the  ably reduced because the phase space available is very re-
couplings are known. Hence, we can calculate the cross sestricted when one forces anotharto be excited simulta-
tion from these diagrams, which we show in the figure. Asneously in the target. To confirm our results we try to
we can see there, their strength is very small and by nevaluate the result of the douhle process using the avail-
means can they account for the strength in the Roper regiomble ones, from that of the projectifeprocess. Th& matrix
This leaves diagrams Fig.(d) and Xd) to do the job. The s the same in both processes except for some factors. The
cross sections for these two processes are both proportionghase space is now different due to the different final states.
t0 g%y« Even without knowing anything about this cou- To simulate the double\ process we increase the final
pling, we can determine the ratio of the cross sections fonucleon mass of the projectile process. We found that the
these two mechanisms. We found that the target Roper pr@rojectile A process with 948250 (MeV) final nucleon
cess is much more important than the projectile Roper promass has a peak at the same position of that of the double
cess followed byrmN decay by about a factor of 100. The A process, and its height is around 1/100 of the original
cross section of the projectile process is suppressed becaysgjectile A process because of the phase space differences.
of the final state phase space which involves two pions. |5 gqdition the peak height of the douhleprocess must be

Hence, the diagram of Fig.() for Roper excitation in oy |ower than this peak because of thewidth in the
the target stands as the only likely mechanism to explain th?arget. Hence, we can reconfirm qualitatively the small con-

tribution of the doubleA process.
T ] All these things considered, the Roper excitation in the
1 target of Fig. 1b) is the only mechanism which is left to

explain the data. All other procesdésgs. 1c)—(e)] provide
/AR 1 typically two orders of magnitude smaller cross section than
1 the experimental data. As we can see in the figure, we need

\ 1 only the target Roper excitation and we neglect all the other
/ Y E processes hereafter, except for the projecileexcitation
which is large and has already been evaluatgd

We show the target Roper contribution together with the
projectile A contribution[5] and their interference in Fig. 2
and compare them to the data. Here we take the
giNN*/47-r=2.35. We found that the Roper excitation pro-

0 duces a wide peak aroung= 520 MeV. The interference has
a negative contribution to the cross section and peaks around

FIG. 3. Calculated cross sectiods/d() dE for (e,a’) onthe ~ @=350 MeV. The calculated cross section provides a fair
proton atE,= 4.2 GeV andd=0.8°. The variablav is the energy ~account of the cross section but the dip region betwe&n
transfer defined am=E_,—E,,. Each line indicates the contribu- and A excitation is poorly reproduced. We have chosen a
tion from the process shown in Fig. 1. Here we usedparticular sign forg, nn+, the same ag, .y, Which leads to
giNN*/4w=1.79. destructive interference. If the opposite sign is chosen, the

=}
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constructive interference leads to a cross section in large dis- —

agreement with the data. L[ eV v
In order to obtain a better agreement with the data we C
change the expression of the width of the Roper resonance in
Eq. (3). Experiments tell us that the Roper resonance decays
not only into 7+ N (65%) but also intor+ 7+ N (35%)
[8]. We describe in the Appendix how we take into account
the 27+ N decay. The Roper width* in Egs.(1) and(2) is
replaced by this new form and the distortion effects of final .
21 are also considered iR, . Then we take the freedom to 00 s -l e

05

d°¢/dEdQ [mb/sr MeV]

change the Roper mass and width in the range of their un- \”\fJ :
certainties[8] and try to obtain a best fit to the data by T
changingM* ,T'* (s=M*?), andg,yn«. The calculated re- “te0s 1000 soo  ggb.. 400 200 0
sults depend generally on these parameters in the following

way: The peak moves to a lowervalue for larger width and FIG. 4. Same as in Fig. 2. Here we usgf./4m=1.33,

smaller mass, the peak is higher for smaller width and largeM* =1430 MeV, I'*(s=M*?)=300 MeV, and the Roper width
d.nnt. the peak is steeper for smaller width, and the inter-discussed in the Appendix.
ference is relatively more important for smallgyyn«. The
result for our best fit is shown in Fig. 4, where we see thaboson exchange model, in the isoscalar channel which we
the data are well reproduced. The best fit parameters haveave investigated we would also have a contribution from
been: M*=1430 MeV, I'*(s=M*?)=300 MeV, and w exchange and from uncorrelated2xchange. It is easy to
giNN*/47-r= 1.33. see that assuming a similar scaling heredoexchange and
We show the calculated angular distribution of the Ropeithe uncorrelated 2 exchange, with respect @ exchange,
excitation in Fig. 5. The interference contribution is not in- as one has in th&N potential [7], the effects ofw and
cluded in this distribution. The data are from REf] and  uncorrelated zZr exchange are very important and one finds a
they should be corrected by the new background subtractiolarge cancellation betweesm and » exchange. In addition
[9]. We should also notice that the fact that the interference®ne should use this as input for a transition potential and
term between the projectil® and target Roper mechanism is initial and final state interactions of tié¢N or NN* systems
not small does not allow a clean experimental separation dfcorrelationg should also be taken into account. For all these
these mechanisms. With this caveat, the comparison of oueasons the §” exchange potential which we have obtained
results with the experimental data should only be taken ashould not be interpreted as a exchange for the
qualitative. The main point we want to stress here is that thé&lN—NN* transition along the lines of a one-boson ex-
monotonous fall down of the cross section is reproduced andshange model. It is simply an effective interaction which
in our theoretical analysis, it is mostly a consequence of theiccounts for all the ingredients in tiie=0 exchange channel
(a,a’) transition form factor and not a property tied to the (o, w, and correlations One may wonder, why use the
Roper resonance itself. We found that our results reproducexplicit o mass in the exchange? There is certainly no justi-
the trend of the data well. fication for it, except that posteriori one finds that the
Finally we want to comment on theN scattering ampli- mass of the object exchanged is irrelevant in the description
tude of P1; channel. In this channel the observed amplitudeof the cross section and it can be equally reproduced using
[10, 11] has a different form than the standard Breit-Wignerany other mass. Hence ther® exchange obtained stands
form of the Roper resonance due to the coupling to theonly as a useful and intuitive parametrization of the effective
nucleon. In the energy region which we consider in this painteraction in theT=0 channel. With this easy interaction
per, the differences are as follows: First the real part of thene can make predictions for analogous reactions using other
observed amplitude has the opposite sign to the Breit-Wignenuclei, one can evaluate cross sections at other energies of
form at\/s<1.2 GeV and second the shape of the real part othe beam, etc.
the observed scattering amplitude is steeper than the Breit- Obviously, although the limited information of the present
Wigner form at 1.2</s<1.3 GeV because of the off-shell reaction does not allow one to extract enough information to
nucleon effect. In order to see the effect of these difference§onstruct a one-boson exchange model for tHé— NN*
we calculated ther spectrum with a modified Roper propa- fransition, the job done here, separating therojectile ex-
gator which has a steeper real part atshégl_?, GeV C|tat|on. from thg Roper excitation, prowde_s'some partial, but
according to the data of the scattering amplitude. We hav&Seful information, on th&dN—NN* transition to be used
checked that including these modifications in the “Roper” N the future in attempts to construct a microscopical model
excitation changes only a bit the results of Fig. 4 in thefor this interaction. Some steps in this direction, by _Iookmg
region of the dip, reducing moderately the cross sectiorftt the role of uncorrelateds2 exchange, have been given in
there. Theoretically the inclusion of the nucleon pole term inRef. [12].
addition to the Roper pole would help in producing the shape
in the P44 channel. _ _ V. SUMMARY
Now we would like to comment on the meaning of the
" exchange interaction obtained. In a more microscopic We have studied the Roper excitation in the ¢') reac-
description of theNN— NN* transition along the lines of the tion on the proton target. All processes which may be rel-
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- o’ E E APPENDIX: DECAY WIDTH OF THE ROPER RESONANCE
E In this appendix we will explain our model of the widths
S 10° - of the Roper resonance. We include tNé — 7+ N and
B c _. 3 N* — 7+ 7+ N decay channels. Writing the decay width of
r ] each channel by'; andI'7 ., we define the total decay
107 - width as
i : I*(8)=T"%(8)+T%(5). (A1)
10— l E— é BE— é —— ,L = The width of ther+ N decay channel has the same form
8 [deg] as that of Ref[6],
FIG. 5. Calculated differential cross sectiats/d() of the tar- N . w2 qg_m_(s)
get Roper process as a function of the scattering angle in the labo- 7 (s)=I'7(s=M )m, (A2)
c.m.

ratory frame. The parameters are the same as in Fig. 4. The experi-
mental data are taken from R¢1]. See warnings in the text about \yhere F’;(s= M* 2) =P _I'*(s=M* 2), with T*(s=M* 2)

the interpretation of the results. the experimental Roper width aril, the =N decay branch-

o . . . ing ratio. The magnitud s) is the  momentum in the
evant in this energy region were investigated. We found that 9 g Gem(S) m

the experimenta’ spectrum can be reproduced by two pro- cerllztgrr t%fer?,vai‘gtshfg?rph:ithiNNSEj/Ztceam g:g]nﬁglerv%i/issume

cesses, the projectilé excitation and the target Roper pro- N* ot A as an int;mediate gtate in tr;is aner and

cess. The target Roper process is mediated by an isoscafgre Tra ) pap
express the width as follows:

exchange between the and the proton and we have deter-

mined from the experiment the effective isoscalar d®p, d®py My 1 —
NN—NN* transitiont matrix. [ (s)= 2n)3 (20 E, 20 3[T|*(2m)*
We could find a good reproduction of the data with values A K
of M* andI'* close to the average values quoted in the X 8 P* —Pr—Pa), (A3)

particle data table 8. We found a good agreement with the _
data withM* =1430 MeV,* (s=m*2)=300 MeV, and a wherepﬁ*”“ is the four-momenta of the Roper resonance and
certain choice of the parameters of the effective interactionis (V/s,0) in the Roper rest frame. TheAN* coupling is
The experimental dependence of the cross section on thaken to be of the same form as that®A with the cou-
a' angle was qualitatively reproduced and found to be tied tgling strengthf _,n+ [6]. After replacing the energy conser-
the @ form factor, not to the properties of the Roper reso-vation é function into theA propagator and width as in Eq.
nance. (7) in the text, we find thd™* _is described as
The present work also lays the ground for extension of .
studies ofN* excitation in nuclei in order to study the modi- % _ TAN* m 2
fication of theN* properties in a nuclear medium. The exci- F”(S)_ﬁ< u ) fdp”w_JGA(sA)' Fa(ss),
tation of theN* with the («,a’) reaction, because of the (A4)

large strength and clean signature, would be probably one of . _ . :
thegideal togols for such st:lgc]iiesu wou P y which has included all the isospin channels, whére and

I', are defined in Eq917) and(18), respectively. The cou-
pling constantf_,n+ is determined by the normalization
condition I'* (s=M*2)=P__T*(s=M*?) with I'*(s

We would like to thank useful discussions with E. Her- =M*?) the experimental Roper width arf@._. the w=N
nandez, M. J. Vicente-Vacas, and H. P. Morsch. We woulddecay branching ratio. We obtairf, ,\«=2.47 for
also like to thank the latter for providing us with the resultsM* =1440 MeV, I'* (s=M*?)=350 MeV, andP, . =0.35
of the reanalysis of the experiment. One of(8s H) would  [8].
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