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FSI EFFECTS IN MESON PRODUCTIONIN NN COLLISIONS�V. Barua;b, A.M. Gaspariana;b, J. HaidenbaueraA.E. Kudryavtsevb, and J. SpethaaInstitut für Kernphysik, Fors
hungszentrum Jüli
h GmbHD�52425 Jüli
h, GermanybInstitute of Theoreti
al and Experimental Physi
s117258, B. Cheremushkinskaya 25, Mos
ow, Russia(Re
eived June 26, 2000)Some features of the NN �nal state intera
tion (FSI) and its role innear-threshold meson produ
tion in NN 
ollisions are investigated usingrealisti
 NN potentials. It is shown that the FSI e�e
ts should not befa
torized from the produ
tion amplitude. The issue of the universality ofthe NN FSI for the produ
tion of mesons with di�erent masses is dis
ussed.PACS numbers: 13.60.Le, 14.40.�nThe total amplitude for the meson-produ
tion rea
tion pp ! ppx, in-
luding a �nal state intera
tion (FSI) between the outgoing nu
leons, 
anbe determined from the DWBA expressionM = Aonprod +Ao�prodG0TNN ; (1)where the term on the very r.h.s. implies an integration over the o�-shellprodu
tion amplitude A and the o�-shell NN T -matrix. Sin
e meson pro-du
tion in NN 
ollisions requires a large momentum transfer between theinitial and �nal nu
leons one expe
ts that the range of the produ
tion inter-a
tion will be mu
h smaller than the 
hara
teristi
 range of the NN intera
-tion in the �nal state. Goldberger and Watson argued that in su
h a 
ase themeson 
an be 
onsidered to be produ
ed pra
ti
ally from a point like region� Presented at the Meson 2000, Sixth International Workshop on Produ
tion, Proper-ties and Intera
tion of Mesons, Cra
ow, Poland, May 19�23, 2000.(2127)



2128 V. Baru et al.so that the produ
tion amplitude 
an be fa
tored out of the integral [1℄, i.e.M = Aonprod +Ao�prodG0TNN � Aonprod[1 +G0TNN ℄ = Aonprod (�)k �(0): (2)Here  (�)k (~r) is the NN s
attering wave fun
tion [1℄, where  (�)k (~0) is relatedto the Jost fun
tion J via  (�)k �(0) = J�1(�k) [1℄. Obviously Eq. (2)suggests that FSI e�e
ts 
an be redu
ed to a mere multipli
ative fa
torj  (�)k �(0) j2 (
ommonly referred to as enhan
ement fa
tor). In parti
ular,it implies that FSI e�e
ts are universal, i.e. do not depend on the spe
i�
meson produ
ed.We have studied several aspe
ts of NN FSI e�e
ts [2℄ and we wantto present some of the results here. Spe
i�
ally, we want to dis
uss thevalidity of the multipli
ation pres
ription Eq. (2) that has been utilized byseveral authors [3�7℄ in their studies of meson produ
tion. We examine thein�uen
e of the NN FSI on the absolute value of the rea
tion amplitude byemploying di�erent models of the NN intera
tion and a simple but realisti
one-boson-ex
hange (OBE) model for the elementary produ
tion amplitude.Furthermore we look at the dependen
e of the FSI e�e
ts on the mass of theprodu
ed meson.
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Fig. 1. Real part of the NN 1S0 T -matrix as a fun
tion of the o�-shell momentumq 
al
ulated at the �xed on-shell momentum k = 10 MeV/
.For the NN intera
tion we 
onsider the Paris potential and a simple sep-arable Yamagu
hi potential. The latter has been employed in, e.g., Ref. [3℄and therefore it is interesting to see how the results based on this model 
om-pare with the ones for a realisti
 intera
tion model like the Paris potential.Both models yield 
omparable results for the phase shifts at energies 
lose tothe threshold. However, the o�-shell behavior of the T -matrix for the Yam-agu
hi potential is rather di�erent from the one of the Paris NN potential.



FSI E�e
ts in Meson Produ
tion in NN Collisions 2129This 
an be seen from Fig. 1 where we 
ompare the o�-shell properties ofthe Paris NN model with the one of the Yamagu
hi potential for the 1S0partial wave. The most striking di�eren
e is de�nitely the zero 
rossing ofthe T -matrix that o

urs for realisti
 potential models at o�-shell momentaq � 350 MeV/
 whereas the one of the Yamagu
hi potential never 
hangessign.For the 
al
ulation of the loop integral on the r.h.s. of Eq. (1) we needto spe
ify a model for the produ
tion amplitude. We assume that it has theform Aprod = g �A�N!xNt�m2� ; (3)whi
h 
orresponds to the ex
hange of a s
alar meson � of mass m� in thet-
hannel followed by the produ
tion of a meson x in a res
attering pro-
ess. The 
orresponding diagram is shown in Fig. 2(a). The 
oupling g at
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(a) (b)Fig. 2. Diagrammati
 representation of the graphs in
luded in our 
al
ulationthe NN� vertex and the amplitude A�N!xN are assumed to be 
onstants.Furthermore, for simpli
ity reasons, we use non-relativisti
 kinemati
 forthe intermediate nu
leons. The total rea
tion amplitude for this produ
tionmodel is then given by the sum of the two diagrams of Fig. 2. For thekinemati
s at the produ
tion threshold we obtainM = �g �A�N!xNr2 + �2 	(~k) ; (4)wherer = mm+ mx2 rmmx + m2x4 ; �2 = m2(m+ mx2 )2 m2x4 + mm+ mx2 m2�:	(~k) is given by the expression	(k) = 1� m�[mmx +m2�℄pmmx +m2x=4 1Z0 dqq TNN (q; k)[q2 � k2 � i0℄ ln�(q + r)2 + �2(q � r)2 + �2 � : (5)



2130 V. Baru et al.The fun
tion FNN =j 	(k) j2, shown in Fig. 3 for the two 
onsideredNN models and for some typi
al masses of the emitted meson x, is theequivalent of the FSI enhan
ement fa
tor that follows from the fa
torizationassumption Eq. (2). We want to emphasize however, that, unlike  (�)�k (0)in Eq. (2), 	(k) in
ludes now also information on the produ
tion amplitude.(Note that the Coulomb intera
tion between the nu
leons is in
luded in thepresented results, 
f. Ref. [2℄.) It 
an be seen from those �gures that the FSIfa
tors FNN resulting for the Yamagu
hi potential are strongly at varian
ewith those obtained for a realisti
 NN intera
tion. They are mu
h largerand they also make believe that there is only a weak dependen
e on themass of the produ
ed meson. These di�eren
es are due to the properties ofthe 
orresponding o�-shell T-matri
es (
f. Fig. 1) as dis
ussed in detail inRef. [2℄.
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Fig. 3. The FSI fa
tor Fpp =j 	(k) j2 
al
ulated for di�erent NN potential modelsand for the produ
tion of di�erent mesons as a fun
tion of the pp on-shell momen-tum k.Thus, it is obvious that the NN FSI 
an not be fa
torized from the pro-du
tion amplitude if one wants to obtain reliable quantitative predi
tons.The absolute value of the FSI fa
tor FNN depends on the momentum trans-fer, i.e. on the mass of the produ
ed meson. It is, in general, not universal!Only for large momentum transfers, i.e. for the produ
tion of heavy mesons,the FSI fa
tor is getting independent of the mass of the produ
ed meson.
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