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COMMENTS

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

Comment on “Role of heavy meson exchange in near thresholdN—d "

J. A. Niskanen
Department of Physics, P.O. Box 9, FB0014 University of Helsinki, Finland
(Received 18 January 1995

In a recent paper by HorowifPhys. Rev. (18, 2920(1993] a heavy meson exchange is incorporated into
thresholdNN— d7 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, |1 point out that the inclusion of thi(1232) isobar increases the cross section significantly even at
threshold.

PACS numbsis): 13.75.Cs, 21.36:y, 25.40.Qa

A recent papefl] proposes that heavy meson exchangefor the deuterors-state par(r) and
(HME) involving a nucleon-antinucleon pair may be impor- 5
tant in threshold pion production in the reactiop— d° 95 ([ d 2 qr|/e M
and pp—dx* (here generically included in the first reac- "_Ej ar 7 )| 2mr v
tion). This mechanism contributes to the two-nucleon axial
charge[2,3], and so far has been the only way to explain the (aqr\(e ™"\ [d 2
surprisingly largepp— pp® cross section at threshold]. ~W(Oio| 5 [\ 5w |\ gy ~ 7 v jdr 3
The importance of this effect in this reaction is partly due to
the absence of charge-exchange p®wave rescattering, for the D-statew(r), with the derivatives acting only on the
dominant in the presemtp—d=°. A motivation for the in- nearest wave function. Similar equations are valid also for
clusion of the HME mechanism to the deuteron reaction inw exchange.
Ref.[1] is the stated underestimation of the cross seddn Following Koltun and Reitar6], Egs.(25—(30) of Ref.
by theory almost by a factor of 2. This addition to the con-[1] seem to replace the momentum operafwrp) operat-
ventional one-nucleon axial charge aswvave pion rescat- ing on both the initial and the final state wave functions with
tering doubles thes-wave cross section bringing the calcu- 2p, because the pion momentum does not significantly affect
lated results close to the data. s-wave production at threshold. Although valid for the direct
One aim of this Comment is to criticize an approximation production part, this is no more allowed in the presence of
used in Ref[1], which exaggerates the HME effect in this the momentum transferring HME potential, which does not

w(r)jo

0

reaction. Thes meson exchange leads to the operator commute with the momentum operator. This assumption
only picks (double the latter terms in the above equations.

og-(p'+p) 1 gi Elimination of the derivative in the final state by integration
My o oM M m2rK2 7o 1) by parts does not help, since a derivative of the potential

emerges. The first line in Table | shows these integrals using

for each nucleori. Except for the momentum transfer de- 2P for the momentum operator and agrees well with iRef.
pendents propagator this is similar to the Galilean invari- Correcting this approximation essentially halves the contri-
ance (axial Charg¢ part of the direct production Operator. bution from the deuterois state, since there the final state
Exchange of the other importaat meson has an additional ) _y
parte o, X o, which changes the spin and does not contrib- TAELE l. Integrals Off.qus'(z) an‘fj (3) (in fm _2) for o anhd
ute tos-wave production here. Eventually this operator leads? €Xchanges an8 andD final states forp =g, /m,=0.1424. The
to radial integrals(with an opposite sign convention from total has also a factor {2 multiplying theD state as required by

Ref.[1]) angular momentum algebf&].
g2 [ [ d 1 qr —mygr Model o,S ,S o,D »,D Total
o A — ——lv(Njol = || =——]uq4(r
41Jo [(dr r) ( )JO( 2)( 2Mr) ) 2p —0.0700 —0.0519 —0.0004 —0.0002 —0.1223
qr o Myr d 1 p'+p —0.0284 —0.0202 0.0162 0.0119 —0.0287
—U(r)jo(?>(m>(a+F)ull(r)}dr 2 NA —0.0260 —0.0181 0.0059 0.0037 —0.0373
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. 1 , are simulated by standamdN potentials, even if they are
400 . . )
fitted to experimental phase shifts.
The 3P, pp state, relevant in the-wave pion case, is

300 - \;‘\ - coupled to suchAN admixtures in the’P;, °P;, and °F;
states. It may be surprising that these components persist

) . , . .
3 { P s " also to lower energies, to pion threshold and as a virtual
:200— : q : i off-shell effect even below. As shown, e.g., in REf], the
ST R S decay of theA in these states gives rise $ and d-wave

100 1 T I N pions. The contribution from the direct decay is very small,
o since parity and angular momentum conservation requires
the second term,(qr/2) of the plane wave expansion of the
. . . pion. However, if the pion from thél decay suffers an
0.0 0.1 0.2 0.5 0.4 s-wave rescattering from the second nuclesimilarly to
n = aq/k s-wave rescattering in the case of piNé&l waves, then the
effect is magnified, because the parity and angular momen-
FIG. 1. Low-energy pp—~dw" cross section divided by tym can be taken care of by the internal momentum transfer
77=q.ﬂ/mﬂ. The s_olld curves shovy the star_tlng point before the by the pion, and the first termy(qr/2) of the expansion
addltl_on of HME with the_A m_cluded in all partial waveg&he Io_wer appears in the overlap integrals shown in E11) of Ref.
one is thes-\_/vav_e con_trlbutlom while the dashed curve is the [7]. Therefore, with rescattering the-wave nature of the
s-wave contribution without the\. The dotted and d.ash-dotted resonance is not reflected in the external momentum depen-
curves also have the HME added to these calculations ofsthe dence.
wave. The data are from Re5]. The generation of thAN components is based on ex-
momentum contribution is small. However, for tBestate  change of isovector mesons+p on which details can be
with its higher momentum components this is significant andound, e.g., in Ref[7]. This coupled channels method treats
in destructive interference with the masavave part, as can the A isobar on the same basis as the nucleons via a system
be seen from Table I. Overall the HME contribution to the of Schralinger equations. Since solving this system auto-
amplitude is decreased by a factor of 4 and cannot accoumpatically generates attractiv&N box diagrams, the phe-
for the missing cross section. Instead of an increase of theBomenologically fitted Reid soft cof¢N potential used here
conventionale by 86 ub reported in Ref[1], the change is must be modified to avoid doubly counting this effect. This
now 18 ub. In these calculations the Bonn potent|R)  causes some further short range changes inNhewave
o andw couplings and form factors are used with Reid softfunction reflected in HME as seen in the third line of Table I,
core wave functions as in Refl]. This smallish effect is decreasing each individual contribution but increasing the
shown by the dashed and dotted curves in Fig. 1dbn total result. In this work HME is included only in the
which in the limit of small# gives the parametex. nucleon sector. Furthermore, energy dependence is allowed
The same approximation fop¢-p’) is used later also for for s-wave pion rescattering to fit on-shetN scatterind 8],
pp—pp=° in Ref.[3]. Therefore, as a check, it was estab- but except for the virtuaNA admixtures, at threshold the
lished that inpp— ppm?® the o andw exchanges alone give model reduces to the formalism of Koltun and ReitéA.
a good description of the low-energy dd#], so that the monopole form factor withA =700 MeV is included to ac-
overall success of the theory in this reaction is not corrupte@gount for off-shell rescattering.
by this correction. With the more precise treatment of the Although the centrifugal barrier in th&-wave baryon
final state momentum, however, thecontribution decreases States suppresses thecomponents to some extent, it can be
to nearly a half, while thev effect is enhanced enough to

compensate this loss. It may be noted thatd¢hand w me- PN
sons were by far the most important in RES]. Yo SN N [
Another purpose of this Comment is to remind of the little 0.3 | /ff T \\ |
known fact that the\ (1232) isobar contributes significantly 0.2 - /f./’ ‘\\ /{‘}'i NN L
to s-wave pion production even at threshold. This is a well 1 ¥ \ L] 7 AW
established mechanism mwave production requiring the 0.1 / 515 MeV ' / N\, |
inclusion of explicitAN admixtures to theNN wave func- 1 NN T
tions [in particular 'D,(NN)—°S,(AN)] or the use of a 0.0 1 } _
corresponding two-body operator acting in tNeN space. ] \\f“ 290.7 MevV /’/
Without these the cross section in theregion would be _0'1__ S S __,-/;?/ i
underestimated by a factor of 10 as compared with data. _no, ] “x& ¥ g
There is no other known mechanism to bring the cross sec- 0 30 60 90 120 150 180
tion up by this factor. The threshold description of Koltun 0 (deq)

and Reitan6], even as employed in Refl] with modern

two-nucleon potentials and deuteron wave functions, does F|G. 2. The analyzing poweh, in pp—dz* at two energies.
not include the role of an explicit virtuah (1232 isobar  The different curves differ in their treatment of tisewave pion
excitation in producingexternal pions. Only various direct production amplitude as in Fig. 1. The other partial waves have
and crossed box diagrams in elastic scattering, involving isoalways the same full model as the solid curve also has forsthe
bars but always starting and ending with just two nucleonsyave. The data are from Refd0,11].
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seen from the solid curves in Fig. 1 that even for thresholcpower, whereas a larger one would yield too deep a mini-
s-wave pions the isobar effect is by no means negligible ananum in it. Again it is fortunate that the HME effect is small
its inclusion triples the cross section. Therefore, in a morén this reaction, as can be seen comparing with the 515 MeV
complete model the threshold cross section may be actuallyata[10] in Fig. 2. Further, since the low-energy analyzing
overestimateceven without HME. As discussed above, by power datg11], due to thes- and p-wave interference, can
far most of this increase is-wave pion production comes pe easily fitted by simply scaling with the factor

]trom trr:eAnforI:nal Slimentarp-wave em_issi;)n ththe piond o(theon/a(expt), which compensates for the overestima-
rom theA followed bys-wave rescattering from the second 4, ot the s-wave amplitude in the cross section, one may

Q%ﬂﬁgz'azhshiﬁ:tf; tﬂg%ﬁ;?&'&?ﬁg 'Cnucr:/eeaisnelszig'elo}/terr:’as;{:onclude that apparently thepwave amplitude is under con-
be further noted that in the threshold cross section forrOI also close to threshold. OF course, the quality of Ae

pp—ppa® the isobar effect was only an increase by 300/Odata at 290.7 MeV only allows a qualitative statement.

[9] reflecting in part the strong| ] Vave r i The overestimation of the threshold cross section by the
refiecting in part tne strongly suppres ave rescat- g model, which agrees well with the data in theregion,
tering in this reaction.

L : . oses a problem of detail indicating that either the energy
A further aspect for caution in adding new mechanisms to([j)eipendence of off-shell pion rescattering is not properly in-

threshold am_plitudes Is the changes caused in obser\{ables rporated or some physical mechanism is still missing in
higher energies, where there are much more data available Re present models of pion production. However, HME does

F\ES'CE‘"%/OEX thg ggopl',sljd\?sf The t_an?lylzmg po.“t“.%’ t?[e- h not appear as important here as indicated in Rdf whereas
een Suh and © eV IS particularly sensilive 1o the, significant contribution from tha is likely to survive im-
s-wave pion amplitude. In this region the coupled-channel rovements of the model

model used above to produce the solid curves has been suc-
cessful. The use of a smallerwave amplitude to fit the This work was supported by the Academy of Finland. |
threshold cross section would produce too high an analyzinthank TRIUMF for hospitality during part of the work.
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