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The quasifreeD++ production mechanism in charge exchange reactions on the12C nucleus has been studied
here in the framework of the DWIA. In this study, theD++ is assumed to be produced in a one-step process
through the elementarypp→nD++ reaction. Since the charge exchange reaction on a nucleus is localized in the
low density region, the Lagrangian for describing theD excitation in the nucleus is taken from the study of the
free pp→nD++ reaction. The present calculation explores theD mass in the nucleus phenomenologically, so
that the calculated results could reproduce both thep+p invariant mass distribution and the ejectile energy
distribution spectra.
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I. INTRODUCTION

During the last few decades, extensive theoretical and ex-
perimental investigations have been reported on the
Ds1232dP33 excitation in the nucleon as well as in the
nucleus(see Ref.[1], and references therein). These investi-
gations conclude that thisD isobar, like a nucleon, plays an
important role as a degree of freedom in the nuclear dynam-
ics at intermediate energies. A prominent signature of theD
excitation was seen in inclusive measurements on various
nuclear reactions, such as thesp,nd [2] and s3He,td [3,4]
reactions on the proton as well as on various nuclear targets.
In the setup for these measurements, the energy or momen-
tum distribution for the ejectile, e.g.,n in sp,nd and t in
s3He,td reactions, was measured in the forward direction
without detecting any other particle emitted in coincidence.
The most remarkable aspect seen in these experiments was a
large energy shifts,70 MeVd for the D peak toward the
higher ejectile energy in all nuclear targets relative to the
hydrogen target[2,3]. However, such a shift was not ob-
served in theg-induced[5] and the inclusivese,e8d reactions
[6].

To resolve the origin for thisD-peak shift, some time back
exclusive measurements were done on thesp,nd reaction at
KEK by Chibaet al. [7] and on thes3He,td reaction at Sat-
urne by Henninoet al. [8,9] on the12C target. In this type of
experiment, the energy or momentum distribution for the for-
ward going ejectile, i.e.,n in the sp,nd and t in the s3He,td
reactions, was measured in coincidence with various charged
particles, likep+, p, p+p, pp, etc., emitted within the 4p
direction. In the same setup, thep+p invariant mass distribu-
tion, in coincidence with the forward going ejectile was also
measured. In these experiments, the outgoing coincident
charged particles were detected by a large cylindrical
charged particle detector(covering almost the whole solid
angle) placed around the target. Analyses of the data for the
ejectile energy distribution, obtained from these exclusive
measurements, show that both thepp event and the coherent
p+ production channel contribute to the shift of the inclusive
D peak. Among them, the coherent pion production channel
contributes dominantly. Contrary to this, thep+p event does
not contribute much to the inclusiveD peak, but it forms a

large portion of the cross sections, specifically, at the higher
energy transfer side in the inclusive spectrum. In fact, this is
the only channel possible for the hydrogen target. The peak
for this channel appearing in the ejectile energy distribution
spectrum for the hydrogen target shows an insignificant shift
with respect to that for the nuclear targets[8,10]. In contrast
to this, thep+p invariant mass distribution spectrum shows a
lower p+p mass for the12C target nucleus relative to the
hydrogen target[7,8].

In this work, the reaction mechanism has been investi-
gated for thep+p event seen(in coincidence with the for-
ward going ejectile) in the exclusive measurements[7,8]
done on the charge exchange reactions in theD++s1232d ex-
citation region. According to the present model, the projec-
tile in the charge exchange reactions interacts with a proton
bound in the target nucleus. Due to this interaction, the pro-
ton in the target gets excited toD++, i.e., theD isobar is
assumed to be produced in a single step process. Since
nucleon-induced nuclear reactions(in the energy region con-
sidered here) are localized in the low density region, theD++

production in these reactions presumably occurs in this re-
gion of the nucleus[11]. Being an unstable particlest
,10−23 secd, this D isobar decays intop+ andp in the con-
tinuum. In the exclusive measurements[7,8], these decay
products might have been registered by the charged particle
detector in coincidence with the forward going ejectile.
Therefore, for a charge exchanged exclusivesa,bd reaction,
the ingoing coincidentp+p emission from a nucleus can be
visualized as: a+A s;p+Bd→b+D+++B; D++→p++p.
Here, sa,bd represents a charge exchange reaction, such as
sp,nd, s3He,td, etc.

Since theD++ production in nuclear reactions, as men-
tioned above, does not take place deep inside the nucleus, the
mechanism for it can be thought of as a quasifree process,
occurring due to the underlying elementarypp→nD++ reac-
tion. Consequently, the transition interaction for this process
has been taken from the study of the freepp→nD++ reaction.
For the latter reaction, theoretical investigations by Dmitriev
et al. [12] and Jainet al. [13] show that the use of the one-
pion exchange interaction is sufficient to reproduce well the
measured spin averaged cross sections over a wide range of
energy. The use of the one-pion exchange potential for theD
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excitation in nuclear reactions is also quite successful in re-
producing the data for the spin averaged cross sections(see
Ref. [14], and references therein).

The reaction mechanism forD++ production in thesa,bd
reaction on the12C nucleus has been studied here to analyze
the data for thep+p event seen in the exclusive measure-
ments, done at KEK on thesp,nd reaction[7] and at Saturne
on thes3He,td reaction[8] on the same nucleus. It should be
mentioned that several studies[15,16] could successfully re-
produce the measured ejectile energy and momentum distri-
bution spectra, but any calculation on thep+p invariant mass
distribution spectrum has not been reported yet. Since the
p+p emission from the nucleus has been thought of as due to
the decay ofD++ in the continuum, the measuredp+p invari-
ant mass distribution spectrum is compared with the calcu-
lated mass distribution spectrum for theD++ isobar. This
comparison(presented in Figs. 1 and 4 below) shows that the
D mass taken equal to 1232 MeV(free space value) cannot
reproduce the measuredp+p invariant mass distribution
spectrum. On the other hand, the calculated ejectile energy
distribution spectrum for this value ofD mass(shown in
Figs. 2 and 5 below) reproduces the measured distribution. In
this study, it is emphasized that theD mass should change
slightly from its free space value, since theD isobar is pro-
duced in the low density region of the nucleus. Therefore, the
value of theD mass has been explored phenomenologically
in this calculation, so that the calculated results can repro-
duce both the measuredp+p invariant mass distribution and
the measured ejectile energy distribution spectra obtained
from the charge exchange reactions.

In Sec. II, the formalism for quasifreeD production in the
charge exchange reactions is presented. In Sec. III, the cal-
culated results for theD mass distribution as well as the
ejectile energy distribution spectra are shown along with the
data.

II. FORMALISM

In the sa,bD++d reaction on a nucleus, theD++ is assumed
to be produced in a one-step process due to the interaction of
the projectilea with a proton bound in the target nucleus.
This interaction, as mentioned earlier, can be described by
one-pion exchange interaction only. The elementarypNN
interaction at the projectile-ejectile(i.e., a-b) vertex, in the
pseudovector presentation, can be described by

LpNN =
fFsq2d

mp

N̄gng5tN · ]np, s1d

where f s=1.008d is the pNN coupling constant.Fsq2d de-
notes the form factor at thepNN vertex. In the monopole
form, it is given by Fsq2d=sLp

2 −mp
2d / sLp

2 −q2d, where q2

denotes the four-momentum transfer at thepNN vertex. The
value for the length parameterLp is taken equal to
700 MeV/c. This value forLp fits a wide range of data for
the freepp→nD++ reaction[13]. Since theD++ production in
the present reaction is assumed to be a quasifree process, the
pion mediated spin-isospinp→D++, according to the
pseudovectorpND coupling, can be written as

LpND =
f8F8sq2d

mp

D̄ n TN · ]np, s2d

with f8=2.156 thepND coupling constant.F8sq2d denotes
the form factor at thepND vertex. It is assumed to be iden-
tical to Fsq2d appearing in Eq.(1).

The T matrix Tfi for the Asa,bD++dB reaction, in the dis-
torted wave Born approximation, is given by

FIG. 1. CalculatedD++ mass distribution
spectra for thesp,nd reaction on the12C nucleus
are compared with the measuredp+p invariant
mass distribution spectrum[7] for this reaction.
The short dashed, solid, dot dashed, and long
dashed lines represent calculated results formD in
Eq. (15) taken equal to 1200, 1210, 1220, and
1232 MeV respectively.
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Tfi = kxb
−,xD

−sb,D,BuVpuA,adxa
+l, s3d

where thex’s appearing in this equation are the distorted
wave functions for particles in the continuum, i.e., the pro-
jectile a, the ejectileb, and theD isobar. In this calculation,
these distorted wave functions have been described by the
eikonal form.Vp denotes the one-pion exchange interaction.
In the relativistic presentation, this interaction for the el-
ementarypp→nD++ reaction is given by

Vp = − ĜpNNGpĜpND. s4d

In this equationĜpNN denotes the pion mediatedN→N tran-

sition operator at the projectile-ejectile vertex, andĜpND de-
scribes the pion-induced spin-isospinp→D++ transition op-
erator. They could be described byLpNN in Eq. (1) andLpND

in Eq. (2), respectively, except for the field functions appear-
ing in them. Gp represents the pion propagator:Gpsqd=
−1/smp

2 −q2d. Here,mp and q2 s=w2−q2d are the mass and
the four-momentum, respectively, for the pion.

Using Vp+ from Eq. (4), the expression forTfi in Eq. (3)
can be factorized as

Tfi = − Gp+abGpsq2dGsA → BD++d, s5d

whereGp+ab represents the matrix element for thea→b tran-
sition. It is given by

Gp+ab = sbuĜpNNuad%basq2d. s6d

%basq2d in the above equation denotes thea→b transition
density. If a andb are point particles,%basq2d would be ob-
viously equal to unity.GsA→BD++d, appearing in Eq.(5),

denotes the matrix element for theA→BD transition. The
form for it is

GsA → BD++d = kxD
s−d,xb

s−dsD,BuĜpNDuAdxa
s+dl. s7d

After taking an average over the angular momenta in the
initial state and a summation over the projection of the an-
gular momenta in the final state,uTfiu2 from the Eq.(5) is
given by

kuTfiu2l = kuGp+abu2luGpstdu2kuGsA → BD++dul2, s8d

whereGp+ab and GsA→BD++d have been described by Eqs.
(6) and(7), respectively. For the spin zero target nucleus, i.e.,
J=0, the expression forkuGsA→BD++du2l is

kuGsA → BD++du2l = kuGp+pD++sq2du2luFBAsQdu2. s9d

kuGp+pD++sq2du2l represents here thep+pD++ vertex factor. It is
given by

kuGp+pD++sq2du2l =
1

3
U f8F8sq2d

mp
U2Fq2 − Hm2 − mN

2 + q2

2m
J2GF1

+
m2 + mN

2 − q2

2mmN
G . s10d

Here,m andmN denote the masses for theD isobar and the
nucleon, respectively.FBAsQd appearing in Eq.(9) carries the
information about the nuclear structure. It is given by

FIG. 2. Calculated forward going neutron mo-
mentum distribution spectra forD++ production
in the sp,nd reaction on the12C nucleus are com-
pared with the corresponding measured distribu-
tion spectrum for thep+p event seen in coinci-
dence[7]. Various lines are described in Fig. 1.
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uFBAsQdu2 = o
lm

Zsld
2l + 1

uGnlmsQdu2, s11d

whereZsld is the number of protons in the orbitl. GnlmsQd
describes the distorted momentum distribution for a nucleon
bound in the nucleus:GnlmsQd=kxD

s−d ,xb
s−d uxa

s+d ,wnlmsr dl, with
Q=ka−kb−kD. Here,wnlmsr d denotes the spatial part of the
wave function for a nucleon bound in the shell “nlm” in the
target nucleus.

The double differential cross section for theD++ mass
distribution, in thesa,bd reaction on a nucleus, can be writ-
ten as

d2s

dm dVb
= 2mSsm2d E dVDE dEbfKFgkuTfiu2l. s12d

Since theD++ can be emitted in any direction, the integration
over its emission anglesVDd has been carried out. The
double differential cross section for the ejectileb energy dis-
tribution for this reaction is given by

d2s

dEb dVb
;

Eb

kb

d2s

dkb dVb
=E dVDE dm2 Ssm2dfKFgkuTfiu2l.

s13d

The factor fKFg appearing in this equation represents the
kinematical factor for this reaction. The expression for it is

fKFg =
mambmmB

s2pd5

kbkD
2

kaukDsEi − Ebd − ska − kbd · k̂DEDu
,

s14d

whereEi s=Ea+mAd is the total energy available in the en-
trance channel in the laboratory system. All other symbols
carry their usual meanings.

Ssm2d, appearing in Eqs.(12) and (13), denotes the mass
distribution function for theD isobar. It has the form

Ssm2d =
1

p

mDGDsm2d
fsm2 − mD

2d2 + mD
2GD

2sm2dg
, s15d

with mD, the mass ofD isobar, being equal to 1232 MeV in
the free state.GDsm2d represents the width of theD isobar for
its mass equal tom. It has been provided by analysis of the
p+p→p+p reaction data[18], giving

GDsm2d = GDsmD
2d

k3sm2d
k3smD

2d
fk2smD

2d + gD
2g

fk2sm2d + gD
2g

, s16d

with gD=200 MeV. GDsmD
2d denotes the width ofD in the

free state. Its value is taken equal to 120 MeV.ksm2d is the
momentum in thepN c.m. system due to theD of massm
decaying at rest.

III. RESULTS AND DISCUSSION

According to the model presented here, the outgoing co-
incidentp+p event seen in the exclusive measurements arises
due to the decay of theD++ in the continuum. The first ex-
periment of this kind, where thep+p emission was seen in

the sp,nd reaction on12C target, was performed by Chibaet
al. at KEK [7]. In the second exclusive measurement, done
by Henninoet al. at SATURNE[8], thep+p event was seen
in the s3He,td reaction on the12C nucleus. Since thisp+p
event is assumed to be the decay product of theD++ isobar,
the reaction12Csa,bD++d11B studied here can be thought to
be compatible with the data obtained from the above exclu-
sive measurements. Here,sa,bd symbolically represents a
charge exchange reaction, i.e., eithersp,nd or s3He,td. The
calculated double differential cross section for theD++ mass
distribution, as expressed by Eq.(12), is compared with the
measuredp+p invariant mass distribution. The calculated
double differential cross section for the ejectile energy dis-
tribution is described by Eq.(13). Common inputs, used in
both sp,nd ands3He,td reactions, are the wave function for a
nucleon bound in the12C nucleus, and the distorted wave
function for theD++ appearing in the final state.

The ground state of12C nucleus has filled 1s1/2 and 1p3/2
shells. In this calculation, contributions from both of these
shells have been incorporated incoherently. Here, the har-
monic oscillator wave function for the bound nucleon is
used. The oscillator length parameter is taken equal to
1.66 fm[17], which is consistent with the electron scattering
data on12C nucleus.

The distorted wave functionxD in Eq. (3), due to the
elastic scattering ofD on the11B nucleus, is approximated by
the eikonal form. The optical potentialVODsr d required to
generate this wave function, following the high energy an-
satz, is given by

VODsr d = si + aDNdW0D%sr d/%s0d, s17d

whereaDN denotes the ratio of real to imaginary parts of the
D nucleon scattering amplitude, andW0D represents the
imaginary part of theD nucleus optical potential. These
quantities are described in Ref.[15]. %sr d /%s0d represents
the spatial distribution forVODsr d. It is usually to be approxi-
mated by the shape for the nuclear density distribution. For
11B nucleus, the form for%sr d [19] is given by

%sr d = %s0df1 + asr/cd2ge−sr/cd2. s18d

The parametersa and c appearing in this equation, as ex-
tracted from the elastic electron scattering data[19], are
equal to 0.811 and 1.69 fm, respectively.

A. D++ production in the „p,n… reaction

For the sp,nd reaction, the vertex factorkuGpabu2l in Eq.
(8) at thep+NN vertex, due to the pseudovectorpNN inter-
action, is given by

kuGpabu2l ; kuGp+pnsq2du2l = − 2U fFsq2d
mp

U2

q2, s19d

where q2 f=sEp−End2−skp−knd2g is the four-momentum
transfer to the nucleus.

The distorted wave functions appearing in Eq.(3) for the
proton and the neutron elastically scattered by the12C and
11B nuclei, respectively, are also approximated by the eikonal
form. These wave functions have been generated by the op-
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tical potentialVONsr d which, at intermediate energies, has the
form VONsr d=si +aNNdW0N%sr d /%s0d. Here,N represents ei-
ther a proton or a neutron. The form of%sr d for the 12C
nucleus is also given by Eq.(18), except for the values fora
andc taken equal to 1.247 and 1.649 fm, respectively[19].
To evaluateVONsr d, the energy dependent measured values
for aNN and st

NN (required to estimateW0N [14]) are taken
from Ref. [20].

The double differential cross sections for theD++ mass
distribution, d2s /dm dVn in Eq. (12), and the neutron mo-
mentum distribution,d2s /dkn dVn in Eq. (13), for the
12Csp,nD++d11B reaction have been calculated here. In these
calculations, the beam momentum is taken equal to
1.5 GeV/c and the neutron emission angle is taken equal to
0°, since these were the kinematical settings for the exclusive
measurement done on the12Csp,nd reaction, with thep+p
event seen in coincidence, at KEK by Chibaet al. [7]. In Fig.
1, the calculatedD mass distribution spectra formD, appear-
ing in Eq. (15), taken equal to 1200, 1210, 1220, and
1232 MeV, are presented along with the data for thep+p
invariant mass distribution. The calculated spectrum formD

equal to 1232 MeV, i.e., the mass ofD in the free state,
distinctly fails to reproduce the peak position appearing in
the measured spectrum. But the calculated results formD

equal to 1200 and 1210 MeV are well in accord with the data
around the peak and onward. Of course, among them the
calculated result formD equal to 1200 MeV reproduces the
measured peak better. In Fig. 2, the calculated neutron mo-
mentum distribution spectra for various values ofmD, as
mentioned above, are compared with the measured distribu-
tion. In this case, the calculated spectrum for themD taken
equal to 1200 MeV fails to reproduce the measured peak
position. Therefore, Figs. 1 and 2 exhibit that the calculated

results formD taken equal to 1210 MeV reproduce both the
measuredp+p invariant mass and neutron momentum distri-
bution spectra.

It is noticeable that the present calculations, which con-
sider theD excitation in the target nucleus, underestimate
cross sections in the region below the peak position. This
discrepancy can be accounted for due to the unavoidable
drawback arising in thesp,nd reaction to probe theD exci-
tation in the nucleus. The dynamics of the neutron arising
due to the decay of theD isobar as well as the quasifree
knockout from the target nucleus were also measured in this
reaction. Cross sections due to these neutrons, for an obvious
reason, contribute in the region below the peak position. This
drawback, as shown later, cannot arise in thes3He,td reac-
tion, since the probability of the excited3He decaying to
triton and the quasifree knockout of the triton from the target
nucleus are expected to be very small[21,22].

As mentioned in Ref.[7], the geometry of the charged
particle detector used for the exclusive measurement on the
sp,nd reaction is such that it cannot register allp+p events in
coincidence. For the hydrogen target, where only thep+p
event is possible, this setup showed a detecting efficiency of
about 65%. A little change in this efficiency may be expected
for the 12C target, since many other channels are also pos-
sible for this nucleus. Therefore, it is remarkable that the
calculated neutron momentum distribution, as shown in Fig.
2, reproduces the data very well.

It is always advisable to investigate the initial and final
state interactions in nuclear reactions. Therefore, the calcu-
lated D mass distribution spectrum, using the plane waves
for p, n, andD++, has been plotted in Fig. 3 along with the
calculated distorted wave results. Both of these spectra are
generated for the inputD mass taken equal to 1232 MeV
(free space value) in Eq. (15). This figure exhibits that the

FIG. 3. CalculatedD++ mass distribution
spectra in thesp,nd reaction using plane waves
(dot dashed line) and distorted waves(solid line)
for p, n, andD++ are presented. In these calcula-
tions,mD in Eq. (15) is taken equal to 1232 MeV.
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effect of distortions, due to the elastic scattering of the con-
tinuum particles, on the cross section is purely absorptive. It
reduces the plane wave result by a factor of about 9 at the
peak, retaining the shape of theD mass distribution spectrum
unaltered. Therefore, the small reduction in theD mass
smD=1210 MeVd, which brings the calculated results well
into accord with the measured spectra, may be thought to be
due to the nuclear medium effect. Indeed, this mass reduc-
tion cannot be drastic, since theD is produced, as mentioned
earlier, in the low density region of the nucleus.

B. D++ production in „

3He,t… reaction

There are two major ways where thes3He,td reaction dif-
fers from the sp,nd reaction. These differences are the
helium-3 to triton transition density(appearing in thep+ 3Het
vertex) and the distortion functions for helium-3 and triton
nuclei. For the pseudovectorpNN coupling, thekuGpabu2l in
Eq. (8) at thep+ 3Het vertex is given by

kuGpabu2l ; kuGp+htsq2du2l = −
2

9
U fFsq2d

mp

%htsq2dU2

q2,

s20d

with q2=sEh−Etd2−skh−k td2. The symbol “h” appearing
here represents the3He nucleus only.%htsq2d denotes the
helium-3→ triton transition density. This transition density,
as required for the high momentum transfer region, is ap-
proximated by the magnetic form factor of the3He nucleus:
%htsq2d=3fexps−a2q2d−b2q2 exps−c2q2dg, with a=0.654 fm,
b=0.456 fm, andc=0.821 fm. This form factor has been ex-
tracted up toq2=16 fm−2 by McCarthyet al. [23] from the
electron scattering data between 170 and 750 MeV on the
3He nucleus.

Since the optical potential for the mass-3 nucleus is a
poorly known quantity, the distortion functions forh (i.e.,
3He) andt nuclei can be estimated, in a better way, from their
measured phase shift functions. In the eikonal model pre-
scription, these distortion functions can be approximated in
terms of the phase shift functiondsbd: Dk t

s−d*Dkh

s+d

<expfi2dsbdg. This approximation was successfully used
earlier by Johnson and Bethe[24] to describe the strong ab-
sorption for the pion-induced reaction around(3:3) reso-
nance, and also by Jain and Sarma[25] to account for the
distortion for thesa ,2ad reaction. For the present calculation
at 2 GeV beam energy,dsbd is required in the energy region
between 1 and 2 GeV. However, in this energy range infor-
mation aboutdsbd is available in the literature fora scatter-
ing at 1.37 GeV on calcium isotopes[26]. Here, expfi2dsbdg,
which describes thea elastic scattering data very well, is
found to be a purely absorptive quantity. It has the form
expfi2dsbdg<1/f1+e−sb−Rd/cg, with c=0.68 fm and R
=r0A

1/3 fm sr0=1.45 fmd. In the absence of any other avail-
able information, this form is usually taken to describe the
distortion due to the elastic scattering of3He andt by the
nucleus[14,27], except that the value forr0 is reduced to
1.2 fm.

The spectra for theD++ mass distribution,d2s /dm dVt in
Eq. (12), and the triton energy distribution,d2s /dEt dVt in
Eq. (13), have been calculated here for thes3He,tD++d reac-
tion on the12C nucleus. In the experiment done at Saturne
[8], the beam energy was taken equal to 2 GeV and the triton
energy was measured at the forward angle. Therefore, the
present calculations have been done for such kinematics. As
it is done for thesp,nd reaction, theD++ mass distribution
and the triton energy distribution spectra have been calcu-
lated formD in Eq. (15) taken equal to 1200, 1210, 1220, and

FIG. 4. CalculatedD++ mass distribution
spectra for thes3He,td reaction on the12C
nucleus are compared with the measuredp+p in-
variant mass distribution spectrum[8] for this re-
action. Various lines are described in Fig. 1.
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1232 MeV. The calculatedD mass distribution spectra are
compared with the data for thep+p invariant mass distribu-
tion in Fig. 4, and the calculated forward going triton energy
distribution spectra are shown along with the measured spec-
trum in Fig. 5. These figures exhibit observations analogous
to those for thesp,nd reaction presented earlier. The calcu-
lated cross sections formD taken equal to 1210 MeV repro-
duce both the measuredp+p invariant mass and triton energy
distribution spectra. In this reaction also, the effect of distor-
tions (not shown) due to the in-continuum particles is found
purely absorptive. This is quite consistent with the study, as
mentioned earlier, on thesp,nd reaction.

IV. CONCLUSIONS

In the present work, the mechanism for theD++ produc-
tion in sp,nd and s3He,td reactions on the12C nucleus has
been studied. Thep+p event seen in the exclusive measure-
ments done on the above reactions can be accounted for
mainly by the direct decay ofD++ in the continuum. ThisD

isobar is produced in a one-step process due to the interac-
tion of the elastically scattered projectile with a proton bound
in the target nucleus. The overall distortion due to the elastic
scattering of particles appearing in the continuum is purely
absorptive. TheD++ excitation, in the reactions presented
here, can be described by the pseudovector one-pion ex-
change Lagrangian, which reproduces well the wide range of
measured cross sections for the freepp→nD++ reaction. The
calculated results for theD massmD phenomenologically
reduced to 1210 MeV(from its free space value, i.e.,
1232 MeV) are found to reproduce very well both the mea-
suredp+p invariant mass distribution and the ejectile energy
distribution spectra.
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