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Comments are short papers which criticize or correct papers of other authors previously published in thePhysical Review. Each
Comment should state clearly to which paper it refers and must be accompanied by a brief abstract. The same publication sch
for regular articles is followed, and page proofs are sent to authors.

Comment on ‘‘Role of heavy meson exchange in near thresholdNN˜dp ’’

J. A. Niskanen
Department of Physics, P.O. Box 9, FIN–00014 University of Helsinki, Finland

~Received 18 January 1995!

In a recent paper by Horowitz@Phys. Rev. C48, 2920~1993!# a heavy meson exchange is incorporated into
thresholdNN→dp to enhance the underestimated cross section. However, that calculation uses an unjustified
assumption on the initial and final momenta, which causes an overestimate of this effect by a factor of 3–4.
Further, I point out that the inclusion of theD(1232) isobar increases the cross section significantly even at
threshold.

PACS number~s!: 13.75.Cs, 21.30.1y, 25.40.Qa
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A recent paper@1# proposes that heavy meson exchan
~HME! involving a nucleon-antinucleon pair may be impo
tant in threshold pion production in the reactionnp→dp0

and pp→dp1 ~here generically included in the first reac
tion!. This mechanism contributes to the two-nucleon ax
charge@2,3#, and so far has been the only way to explain th
surprisingly largepp→ppp0 cross section at threshold@4#.
The importance of this effect in this reaction is partly due
the absence of charge-exchange pions-wave rescattering,
dominant in the presentnp→dp0. A motivation for the in-
clusion of the HME mechanism to the deuteron reaction
Ref. @1# is the stated underestimation of the cross section@5#
by theory almost by a factor of 2. This addition to the co
ventional one-nucleon axial charge ands-wave pion rescat-
tering doubles thes-wave cross section bringing the calcu
lated results close to the data.

One aim of this Comment is to criticize an approximatio
used in Ref.@1#, which exaggerates the HME effect in thi
reaction. Thes meson exchange leads to the operator
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for each nucleoni . Except for the momentum transfer de
pendents propagator this is similar to the Galilean invari
ance ~axial charge! part of the direct production operator
Exchange of the other importantv meson has an additiona
part}s13s2, which changes the spin and does not contri
ute tos-wave production here. Eventually this operator lea
to radial integrals~with an opposite sign convention from
Ref. @1#!
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for the deuteronS-state partv(r ) and
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for theD-statew(r ), with the derivatives acting only on the
nearest wave function. Similar equations are valid also f
v exchange.

Following Koltun and Reitan@6#, Eqs.~25!–~30! of Ref.
@1# seem to replace the momentum operator (p81p) operat-
ing on both the initial and the final state wave functions wit
2p, because the pion momentum does not significantly affe
s-wave production at threshold. Although valid for the direc
production part, this is no more allowed in the presence
the momentum transferring HME potential, which does no
commute with the momentum operator. This assumptio
only picks ~double! the latter terms in the above equations
Elimination of the derivative in the final state by integration
by parts does not help, since a derivative of the potenti
emerges. The first line in Table I shows these integrals usi
2p for the momentum operator and agrees well with Ref.@1#.
Correcting this approximation essentially halves the contr
bution from the deuteronS state, since there the final state

TABLE I. Integrals of Eqs.~2! and ~3! ~in fm21/2) for s and
v exchanges andS andD final states forh5qp /mp50.1424. The
total has also a factor 1/A2 multiplying theD state as required by
angular momentum algebra@6#.

Model s,S v,S s,D v,D Total

2p 20.0700 20.0519 20.0004 20.0002 20.1223
p81p 20.0284 20.0202 0.0162 0.0119 20.0287
ND 20.0260 20.0181 0.0059 0.0037 20.0373
526 © 1996 The American Physical Society
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momentum contribution is small. However, for theD state
with its higher momentum components this is significant a
in destructive interference with the mains-wave part, as can
be seen from Table I. Overall the HME contribution to th
amplitude is decreased by a factor of 4 and cannot acco
for the missing cross section. Instead of an increase of
conventionala by 86mb reported in Ref.@1#, the change is
now 18mb. In these calculations the Bonn potentialA(R)
s andv couplings and form factors are used with Reid so
core wave functions as in Ref.@1#. This smallish effect is
shown by the dashed and dotted curves in Fig. 1 fors/h
which in the limit of smallh gives the parametera.

The same approximation for (p1p8) is used later also for
pp→ppp° in Ref. @3#. Therefore, as a check, it was estab
lished that inpp→ppp0 thes andv exchanges alone give
a good description of the low-energy data@4#, so that the
overall success of the theory in this reaction is not corrupt
by this correction. With the more precise treatment of t
final state momentum, however, thes contribution decreases
to nearly a half, while thev effect is enhanced enough to
compensate this loss. It may be noted that thes andv me-
sons were by far the most important in Ref.@3#.

Another purpose of this Comment is to remind of the litt
known fact that theD(1232) isobar contributes significantly
to s-wave pion production even at threshold. This is a we
established mechanism inp-wave production requiring the
inclusion of explicitDN admixtures to theNN wave func-
tions @in particular 1D2(NN)→5S2(DN)# or the use of a
corresponding two-body operator acting in theNN space.
Without these the cross section in theD region would be
underestimated by a factor of 10 as compared with da
There is no other known mechanism to bring the cross s
tion up by this factor. The threshold description of Koltu
and Reitan@6#, even as employed in Ref.@1# with modern
two-nucleon potentials and deuteron wave functions, do
not include the role of an explicit virtualD~1232! isobar
excitation in producingexternalpions. Only various direct
and crossed box diagrams in elastic scattering, involving i
bars but always starting and ending with just two nucleon

FIG. 1. Low-energy pp→dp1 cross section divided by
h5qp /mp . The solid curves show the starting point before th
addition of HME with theD included in all partial waves~the lower
one is thes-wave contribution!, while the dashed curve is the
s-wave contribution without theD. The dotted and dash-dotted
curves also have the HME added to these calculations of ths
wave. The data are from Ref.@5#.
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are simulated by standardNN potentials, even if they are
fitted to experimental phase shifts.

The 3P1 pp state, relevant in thes-wave pion case, is
coupled to suchDN admixtures in the3P1,

5P1 , and
5F1

states. It may be surprising that these components per
also to lower energies, to pion threshold and as a virtu
off-shell effect even below. As shown, e.g., in Ref.@7#, the
decay of theD in these states gives rise tos- and d-wave
pions. The contribution from the direct decay is very sma
since parity and angular momentum conservation requi
the second termj 1(qr/2) of the plane wave expansion of the
pion. However, if the pion from theD decay suffers an
s-wave rescattering from the second nucleon~similarly to
s-wave rescattering in the case of pureNN waves!, then the
effect is magnified, because the parity and angular mome
tum can be taken care of by the internal momentum trans
by the pion, and the first termj 0(qr/2) of the expansion
appears in the overlap integrals shown in Eq.~A.11! of Ref.
@7#. Therefore, with rescattering thep-wave nature of the
resonance is not reflected in the external momentum dep
dence.

The generation of theDN components is based on ex
change of isovector mesonsp1r on which details can be
found, e.g., in Ref.@7#. This coupled channels method treat
theD isobar on the same basis as the nucleons via a sys
of Schrödinger equations. Since solving this system aut
matically generates attractiveDN box diagrams, the phe-
nomenologically fitted Reid soft coreNN potential used here
must be modified to avoid doubly counting this effect. Th
causes some further short range changes in theNN wave
function reflected in HME as seen in the third line of Table
decreasing each individual contribution but increasing t
total result. In this work HME is included only in the
nucleon sector. Furthermore, energy dependence is allow
for s-wave pion rescattering to fit on-shellpN scattering@8#,
but except for the virtualND admixtures, at threshold the
model reduces to the formalism of Koltun and Reitan.~A
monopole form factor withL5700 MeV is included to ac-
count for off-shell rescattering.!

Although the centrifugal barrier in theP-wave baryon
states suppresses theD components to some extent, it can b

FIG. 2. The analyzing powerAy in pp→dp1 at two energies.
The different curves differ in their treatment of thes-wave pion
production amplitude as in Fig. 1. The other partial waves ha
always the same full model as the solid curve also has for thes
wave. The data are from Refs.@10,11#.
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seen from the solid curves in Fig. 1 that even for thresho
s-wave pions the isobar effect is by no means negligible a
its inclusion triples the cross section. Therefore, in a mo
complete model the threshold cross section may be actu
overestimatedeven without HME. As discussed above, b
far most of this increase ins-wave pion production comes
from the normal elementaryp-wave emission of the pion
from theD followed bys-wave rescattering from the secon
nucleon. The addition of HME slightly increases the overe
timation as shown by the dash-dotted curve in Fig. 1. It m
be further noted that in the threshold cross section
pp→ppp0 the isobar effect was only an increase by 30
@9# reflecting in part the strongly suppresseds-wave rescat-
tering in this reaction.

A further aspect for caution in adding new mechanisms
threshold amplitudes is the changes caused in observable
higher energies, where there are much more data availabl
basically fix the amplitudes. The analyzing powerAy be-
tween 500 and 600 MeV is particularly sensitive to th
s-wave pion amplitude. In this region the coupled-channe
model used above to produce the solid curves has been
cessful. The use of a smallers-wave amplitude to fit the
threshold cross section would produce too high an analyz
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power, whereas a larger one would yield too deep a min
mum in it. Again it is fortunate that the HME effect is smal
in this reaction, as can be seen comparing with the 515 M
data@10# in Fig. 2. Further, since the low-energy analyzin
power data@11#, due to thes- andp-wave interference, can
be easily fitted by simply scaling with the facto
As(theor!/s~expt.!, which compensates for the overestima
tion of the s-wave amplitude in the cross section, one ma
conclude that apparently thep-wave amplitude is under con-
trol also close to threshold. Of course, the quality of theAy
data at 290.7 MeV only allows a qualitative statement.

The overestimation of the threshold cross section by t
full model, which agrees well with the data in theD region,
poses a problem of detail indicating that either the ener
dependence of off-shell pion rescattering is not properly i
corporated or some physical mechanism is still missing
the present models of pion production. However, HME do
not appear as important here as indicated in Ref.@1#, whereas
a significant contribution from theD is likely to survive im-
provements of the model.

This work was supported by the Academy of Finland.
thank TRIUMF for hospitality during part of the work.
@1# C.J. Horowitz, Phys. Rev. C48, 2920~1993!.
@2# T.S.H. Lee and D.O. Riska, Phys. Rev. Lett.70, 2237~1993!.
@3# C.J. Horowitz, H.O. Meyer, and D.K. Griegel, Phys. Rev.

49, 1337~1994!.
@4# H.O. Meyeret al., Nucl. Phys.A539, 633 ~1992!.
@5# D.A. Hutcheonet al., Nucl. Phys.A535, 618 ~1991!.
@6# D.S. Koltun and A. Reitan, Phys. Rev.141, 1413~1966!.
C

@7# J.A. Niskanen, Nucl. Phys.A298, 417 ~1978!; Phys. Lett.
141B, 301 ~1984!.

@8# J.A. Niskanen, Phys. Rev. C49, 1285~1994!.
@9# J.A. Niskanen, Phys. Lett. B289, 227 ~1992!.

@10# E. Aprile et al., Nucl. Phys.A379, 369 ~1982!.
@11# E. Korkmazet al., Nucl. Phys.A535, 637 ~1991!.


