Z. Phys. A ManuscriptŋNr. (will be inserted by hand later)

Fast deuteron production in protonŋnucleus interactions

M. Bĺuscher, A.A. Sibirtsev^⋆, and K. Sistemich

Institut fĺur Kernphysik, Forschungszentrum Jĺulich, Dŋ52425 Jĺulich, Germany

Received:

Abstract. Deuteron formation in protonŋnucleus reactions due to the coalescence mechanism with ^nalŋstate interacŋ tion between nucleons is discussed in order to establish the kinematical region of the validity of this approach. The exŋ perimental data on fast deuteron production in protonŋnucleus collisions at bombarding energies above 3 GeV are analyzed. It is shown that most experimental results were obtained for deuteron momenta below the critical limit of the coalescence model. It is discussed to which extent further experimental studies could help to identify contributions from the coalesŋ cence mechanism and to get better understanding of the fast deuteronŋproduction process.

PACS: 25.40.−h; 13.75.−n

1 Introduction

The production of fast deuterons in protonŋnucleus collisions has, for a long time, attracted considerable attention [1, 2, 3, 4]. Of special interest are direct mechanisms for the production of fast fragments. The most intriguing process is the fragment production as a result of an interaction of the incident proton with a bound system of several nucleons or a multiŋquark bag inside the target nucleus. In the singleŋparticle approach, such a bound multiŋnucleon state is described in terms of the highŋmomentum component of the nuclearŋwave function. Therefore, the production of fast deuterons in protonŋnucleus collisions is a good tool for studying the properties of nuclear matter at short distances.

The standard direct process for fast deuteron production is the reaction p + N → d + π. The cross section for this reaction decreases rapidly with increasing proton energy. Contribuŋ tions from this quasiŋfree process have been experimentally observed in protonŋnucleus collisions at a projectile energy T_p = 1.3 GeV [5]. At incident energies above 3 GeV [6], reactions with multiple pion production might contribute, but little is known about the corresponding reaction cross section.

? Permanent address: Institute of Theoretical and Experimental Physics,

Cheremushkinskaya 25, 117259 Moscow, Russia

Another possibility for the direct production of fast deuterons is the formation of a sixŋquark state in the primary interaction.

Besides the direct deuteronŋproduction processes menŋ tioned above several competing mechanisms have been disŋ cussed: at low collision energies, the relative momentum of the impinging proton and a neutron inside the nucleus is small and the pickŋup mechanism is considered to be responsible for the deuteron production. With increasing proton energies, the pickŋup process is not expected to contribute considerably to the observed deuteronŋproduction cross section because the relative protonŋneutron momentum is much higher than the internal momentum of the nucleons in the deuteron.

At higher collision energies (T_p ≥ 1 GeV), several fast nucleons may be produced due to cascading of the incident proton and of secondary particles inside the target nucleus. When a created neutronŋproton pair possesses a wave funcŋ tion that overlaps with the deuteronŋwave function, these nuŋ cleons may fuse to a deuteron due to ^nalŋstate interaction. This nondirect mechanism was ^rst discussed by Butler and Pearson [1] who invented the simple coalescence model. The coalescence model has to be studied carefully in order to enŋ able a reliable estimate of the secondary deuteron formation. Only if this formation rate is known, the deuteronŋproduction rate in direct processes can be determined from the experiŋ mental data and information on multiŋnucleon or multiŋquark nuclearŋbag effects can be deduced.

In this paper we discuss the general assumptions of the coalescence model and specify the kinematical region of its applicability. The experimental data on fast deuteron producŋ tion in protonŋnucleus collisions at energies above 3 GeV are reviewed and compared with calculations in the framework of the coalescence model.

This work has partially been motivated by realizing that measurements under forward angles using the 0^∘ Facility [7, 8] at the proton synchrotron COSYŋJĺulich at incident energies T_p ≈ 1 GeV can help to obtain further information on the fast deuteronŋformation process.

2 The coalescence model

The process of fast fragment production in hadronŋnucleus collisions is frequently described in the framework of the coŋ alescence model [1, 2, 9, 10]. In this model it is assumed that a group of nucleons form a complex fragment if the relative momentum of each nucleon lies within a momentum sphere with radius q_0. The model describes the nondirect process of fragment production as a result of the interaction of the nucleŋ ons in the ^nal state. It should be noted that the coalescence model has also been successfully used for the description of ŕdŋproduction cross sections in e+e− annihilations at √s = 10 GeV [11].

In the framework of the coalescence model the invariant differential cross section for deuteron formation is proporŋ tional to the product of the neutron and proton cross sections: E_d d^3σ dp^3_d = κ σ_{in} E_p d^3σ dp^3_p E_n d^3σ dp^3_n , (1)

where the proton and neutron production cross sections are determined for nucleon momenta equal to one half of the deuteron momentum

p_p = p_n = p_d/2 . (2)

In (1) σ_{in} is the inelastic cross section for a protonŋnucleus collision and the factor κ is the coalescence coef^cient.

If one neglects kinematical and dynamical correlations of the produced particles and represents the multiŋparticle distriŋ bution as a product of singleŋparticle distribution functions of the nucleon ^nal states, then the independent production of nuŋ cleons in the nucleus is suggested. This statistical approach has been used successfully for the description of lowŋmomentum fragments. If one assumes that the invariant differential cross section for neutron productionequals that for the protons, then E_d d^3σ dp^3_d = κ σ_{in} (E_p d^3σ dp^3_p )^2 . (3)

Thus, by measuring doubleŋdifferential proton and deuteron spectra the coalescence factor κ can be determined. The analŋ ysis by Schwarzschild and Zupancic [2] of the deuteronŋ production cross section shows that κ is proportional to the volume of the sphere of the relative nucleon momenta:

κ ∝ q^3_0 . (4)

The analysis neglects the dependence of κ on the target mass and on the fragment emission angle. It was shown [2] that q_0 equals about 150Ű200 MeV/c which is comparable with the average internal momentum of the nucleons in the deuteron. Although κ is treated as a free parameter, it was assumed that it re~ects the property of the deuteronŋwave function and does not depend on the collision dynamics.

However, the concept of independent production is incorŋ rect in the case of fast secondaries, since for the fast outgoing particles it is necessary to account for at least the correlaŋ tions due to the reaction kinematics. In order to de^ne a fast fragment it is convenient to use the Feynman variable x, that allows one to scale the data on particle production indepenŋ dently of the collision energy. It is de^ned as x = p^∗_l /p^∗_{max}, where p^∗_l is the longitudinal and p^∗_{max} the maximum momenŋ tum of the outgoing particle in the incident hadronŋnucleon centerŋofŋmass system. As a crude estimate in the case of forwardŋparticle production we can de^ne x as the fraction of the incident momentum that is carried away by the seconŋ daries. The x region is divided into two parts: the ^rst one with x less than 0.2 is denoted as the nuclearŋtarget fragmentation region, whereas the other one is called the incidentŋparticle fragmentation region.

Fragmentation of the target nucleus may be roughly conŋ sidered like the independent particle production due to casŋ cading of the projectile and secondary hadrons in the nuŋ clear medium. Because the coalescenceŋdeuteron momentum equals twice the nucleon momenta, the limitation for the staŋ tistical approach for the description of the deuteron formation can be estimated by means of the momenta detected:

p^{lim}_d = 2 × (0.2p_{in}) = 40%p_{in} , (5)

where p_{in} is the incident proton momentum. Thus one can de^ne the Şfast deuteronŤ as a particle with a momentum above the critical value given by (5). Equation (5) is useful to scale the data on deuteron production by means of various hadron beams at different collision energies.

Obviously, the most interesting experimental results are expected for deuterons with momenta above p^{lim}_d . In the reŋ gion of high momenta of the produced particles (x > 0.2), the leading particle effects become appreciable, manifesting themselves through kinematical correlations due to energy and momentum conservation. For instance, when several parŋ ticles are produced in the ^rst collision of the incident hadron with a target nucleon, the energy and emission angle of every particle is kinematically related with the properties of the othŋ ers. These kinematical relations are insigni^cant if the total multiplicityis large and if we analyze slow secondaries. Moreŋ over, in the projectile fragmentation region a substantial role is played by dynamical correlations in the production mechŋ anism. As shown by Remler [12] and Gyualassy et al. [13] for calculations with the coalescence model it is necessary to know the multiparticle density function of the ^nal states of the nucleons emitted from the nucleus. In the deuteron case in (1) one has to use the neutronŋproton density distribution instead of the product of the single particle distributions. The calculation of the multiŋparticledensity matrix is a rather comŋ plex problem. It was suggested by Bertsch and Cugnon [9] to use the cascade model for these calculations.

One more assumption which is largely unjusti^ed is the use of the coalescence parameter κ instead of the deuteron wave function. Although the coef^cient κ may be expressed through the average momentum of the nucleons in the deuŋ teron, this simple approach does not account for the highŋ momentum component of the deuteron itself. As shown by the analysis of Lobov and Sibirtsev [14] and Gugelot and Paul [6] the secondary neutronŋproton pairs produced with high total momenta basically have large relative momenta q > q_0. Only when one takes into consideration a realistic deuteronŋ wave function which contains momenta above 200 MeV/c, these neutronŋproton pairs can fuse to form the deuteron. The differential cross section for the deuteron formation may be expressed as E_d d^3σ dp^3_d = σ_{in} Z ϕ_d(q)G_{np}(q, p_d)d^3q , (6)

where ϕ_d is the squared deuteronŋwave function in momentum space and G_{np} the twoŋparticle density matrix of the neutronŋ proton states with total momentum p_d and relative momentum 2q. We use the deuteronŋwave function in the form of the pheŋ nomenological approximation suggested by Alberi et al. [15].

Table 1. The kinematical ranges of the reported data on deuteron production in protonŋinduced reactions

Incident p^{lim}d Deuteron Ref. momentum momenta [GeV/c] [GeV/c] [GeV/c] [17] 10.1 4 0.2Ű7.5 [18] 3 1.2 0.6Ű1.0 [18] 7.5 3 0.6Ű1.0 [19] 10.1 4 0.8Ű1.8 [20] 71 28 2.9Ű9.4 [21] 300 120 30Ű60

The density matrix was calculated by the threeŋdimensional cascade model described in details in [16]. A MonteŋCarlo method was used in order to calculate primary and secondary collisions of the incident and cascade particles in the nuclear medium.

3 Data analysis

Although the possibility for production of fast fragments in the breakup of a multiŋnucleon or multiŋquark nuclear bag was pointed out long time ago, the number of experimental studies on the fast deuteron production has been rather limited. Moreover, there is an appreciable uncertainty in the analysis and theoretical interpretation of the available experimental data.

In Table 1 we collect the experimental data measured in protonŋnucleus collisions. For every proton energy we also list the deuteron momentum (5) above which the reliability of the statistical approach to the particleŋproductiondynamics becomes questionable. Among the available experimental reŋ sults the most interesting ones were measured with 10 GeV/c incident protons and deuteron momenta p_d higher than p^{lim}_d from (5) [17].

Figure 1 shows the experimental energy spectra of deuŋ terons produced at angles of 59^∘ and 119^∘ in the interaction of 3 GeV/c protons with copper nuclei [18]. The solid lines show the results of our calculations using (6). Figure 2 gives the same comparison for the deuteronŋproduction cross section at emission angles of 40^∘ and 119^∘ in collisions of 7.5 GeV/c protons with a lead target [18]. The results of the calculations provide a reasonably good description of the experimental data.

The analysis of the experimental results on deuteron proŋ duction at high incident proton energies showed [19, 20, 21] that the coalescence model reproduces the data quite well. However, as is shown in Table 1 the deuteron data are below the critical region of the coalescence model.

Figure 3 shows the invariant differential cross section for deuteron production at an angle of 3.5^∘ in collisions of 10 GeV/c protons with Be, Al, Cu and Ta nuclei [17]. Because the deuterons are produced at forward angles it is possible to use the smallŋangle Glauber approach and to calculate the neutronŋ proton density matrix analytically. The lines in Fig.3 show our coalescenceŋmodel results calculated in analogy with [17]. The model quite reasonably reproduces the experimental data for the production of deuterons with momenta below 4 GeV/c.

Fig. 1. Energy spectra of deuterons produced at 59ffi (fl) and 119ffi (+) in protonŋcopper collisions at 3 GeV/c. Experimental points are from [18], the solid lines show our calculations with the coalescence model. The arrow indicates the statistical limitation

Fig. 2. Energy spectra of deuterons produced at 40ffi (fl) and 119ffi (+) in protonŋlead collisions at 7.5 GeV/c [18]

Note that this momentum coincides with the limitation (5) for the statistical approach. At deuteron momenta above 6 GeV/c the experimental data diverge from the model calculations. The underestimation of the Be results in the whole momentum range might be due to the limitation of the Glauber approach for light nuclei.

Summarizing, only a limited set of experimental results on deuteron production in protonŋnucleus collisions is availŋ able. Most of the data were obtained at momenta where the statistical approach for the description of particleŋproduction dynamics is expected to provide a reasonable explanation and, in fact, the coalescence model reproduces the slow deuteron spectra from nuclei. At least there is no evident signature for the contribution from other mechanisms which may be responsible for the deuteron production.

The experimental data from [17] on the production of deuterons with momenta above limitation (5) are described reasonably well by our calculations, whereas the statistical apŋ proach cannot be used for the analysis of the highŋmomentum deuterons. Probably, the remaining discrepancy is caused by

Fig. 3. Momentum spectra of deuterons produced at 3.5ffi in protonŋnucleus collisions at 10.1 GeV/c [17]

an uncertainty of the parametrization of the deuteronŋwave function from [15].

4 Proposed deuteron studies

In principle, the direct process of the breakŋup of a multiŋ nucleon or multiŋquark nuclear bag can contribute signi^ŋ cantly to forward particle production because of the reaction kinematics. The nondirect mechanism of the deuteron formaŋ tion due to the neutronŋproton ^nalŋstate interaction should lead to a more isotropic angular distribution of the deuterons. For this reason the study of fast deuteron production at small angles is advantageous for the investigation of nontrivial efŋ fects.

The 0^∘ Facility at COSYŋJĺulich is especially designed for studies of physical processes at small angles and low cross sections. One of the goals is to measure fast forward deuterons (x > 0.3) in coincidence with K^+ mesons produced in protonŋ nucleus collisions at bombarding energies around 1 GeV [7, 22].

In order to estimate the ŞbackgroundŤ from deuteron proŋ duction due to the coalescence mechanism we made calculaŋ tions where the neutronŋproton density matrix was obtained using the cascade model [16]. The neutronŋprotondensity maŋ trix integrated over the total momentum of the nucleon pair is shown in Fig.4 (solid line) as a function of the internal moŋ mentum of the twoŋnucleon system. The statistical approach (3) to the deuteron formation accounts only for neutronŋproton pairs with momenta q below 0.2 GeV/c, that is about 60 perŋ cent of the nucleon pairs produced in protonŋcarbon collisions at 1 GeV. By the dashed line in Fig.4 we show the deuteronŋ wave function from [15]. Since the deuteron contains a highŋ momentum component of about 5% (q > 0.2 GeV/c), the overlapping of the tail of the deuteronŋwave function with the neutronŋproton density function may contribute roughly a fraction of 0.05 × 0.4 to the total deuteron yield. For this reason the highŋmomentum component of the deuteronŋwave function is important to account for the fast deuteron formaŋ tion.

Figure 5 shows the calculated (6) deuteronŋmomentum spectra produced in collisions of protons with carbon nuŋ

Fig. 4. Neutronŋprotonstateŋdensity function versusthe internal momentum q calculatedfor protonŋcarboncollisions at 1 GeV (solid line) and the deuteronŋ wave function from [15] (dashed)

Fig. 5. Deuteronŋmomentum spectrum produced in protonŋcarbon collisions at 1 GeV. The dashed line shows the result of the calculation in the statisŋ tical approach; the solid line the deuteron spectrum from the coalescence mechanism. Deuterons produced in the quasiŋfree mechanism (dotted line) are peaked around 1.7 GeV/c

clei at 1.0 GeV. The spectra are integrated over all deuteronŋ emission angles. The coalescence model (solid line) which acŋ counts for the neutronŋprotondensity matrix and the deuteronŋ wave function from [15] predicts that about 10 percent of the deuterons with momenta above the limitation(5) are produced due to the ^nalŋstate interaction. The dashed line in Fig.5 shows the results calculated in the statistical approach (3). It is clear that the measurement of deuterons with momenta above ∼ 0.7 GeV can serve as a test of the coalescence mechŋ anism at beam energies around 1 GeV which are accessible at COSY.

The measurement of fast deuterons from quasiŋfree reacŋ tions is a very attractive goal since it has been under discusŋ sion if deuterons do exist in nuclei at central densities ρ = ρ_0 [23, 24]. Furthermore, details of the deuteronŋformation proŋ cess in the nuclear medium can be obtained. As mentioned above, the measurement of such quasiŋfree deuterons in coinŋ cidence with K^+ mesons is planned at the 0^∘ Facility. Since the cross section for the production of K^+ŋdeuteron pairs is extremely small [22] it is planned, however, to begin the exŋ

Fig. 6. Same like Fig.5 for coalescence and quasiŋfree deuterons with emission angles θd < 10ffi

perimental program with the measurement of uncorrelated deuterons.

The dotted line in Fig.5 shows the spectra of deuterons produced in the quasiŋfree reaction p + N → d + π. In our calŋ culations we used the parametrization by VerWest and Arndt [25] and account for Fermi motion. At a bombardingŋproton energy of 1 GeV the reaction cross section on free nucleŋ ons equals about 0.3 mb. Thus the yield of direct deuterons from nuclei is also small. It is seen from the ^gure that, if the deuterons from the quasiŋfree mechanism exist, it will be difŋ ^cult to disentangle them from the background of coalescence deuterons without any angular information. However, in the following we show that measurements under forward angles are more sensitive.

The angular spectrum of the coalescence deuterons is quite close to an isotropical distribution. Our calculations show that the anisotropy of the deuteron spectrum, which can be de^ned as the ratio of the number of deuteron produced at forward angles with 0^∘ < θ < 90^∘ to the number of backward deuterons, equals about 1.2. On the other hand, deuterons produced in the quasiŋfree reaction are located in the region θ < 25^∘. In Fig.6 we show the momentum spectra for quasiŋ free and background deuterons emitted under forward angles θ < 10^∘. The quasiŋfree deuterons are now clearly separated from the background and can be identi^ed due to the clear peak structure in the spectrum.

It is important to emphasize two basic reasons which demonstrate the advantages of studing the fast deuteron proŋ duction at moderate energies and at small angles. First, the contribution from direct processes p + N → d + π to fast deuteron production is negligible at high collision energies, because of the small reaction cross section [5]. We can asŋ sume that direct deuteron production in this regime is mainly accompanied by multiple pion emission. However, little is known about the cross section of the reaction with multiple pion production.

Second, as we showed, the deuteron production due to ^nalŋstate interaction is characterized by an isotropic angular distribution. Due to the twoŋbody reaction kinematics, direct deuteron production is forward peaked. Small angles are exŋ pected to be enriched by the direct fast deuteron production mechanisms.

5 Conclusions

We analyzed deuteron production by the coalescence mechaŋ nism due to ^nalŋstate interaction between the nucleons. In the framework of the coalescence model the deuterons are formed when the outgoing neutronŋproton pairs possess a wave funcŋ tion which overlaps with the deuteronŋwave function. The neutronŋproton densityŋdistribution matrix was calculated by means of the cascade model. So far, only experimental data are available for incident proton energies above 3 GeV and, which is more important, most of the data are limited to deuteron moŋ menta below 40% of the projectile momentum. We get a good description of the experimental data obtained in the targetŋ nucleus fragmentation region, where the independentŋparticle production dynamics should be valid. The crucial test of the coalescence mechanism is to analyze data of fast deuterons (p_d > 40%p_{in}) because here the particleŋproduction dynamŋ ics and the realistic deuteronŋwave function contribute sigŋ ni^cantly. For this reason, we propose experimental studies at the 0^∘ Facility at COSYŋJĺulich where proton beams with energies below 2.5 GeV will be available. We analyzed the contribution from the coalescence mechanism to the deuteron production in protonŋnucleus collisions at bombarding enerŋ gies of 1 GeV. It is shown that the observation of deuterons with momenta higher than 0.7 GeV/c under forward angles will allow to probe the coalescence approach.

It is importantto note, that fast deuterons may be produced via the direct mechanism, particularly in quasiŋfree reactions p + N → d + π or the breakŋup of multiŋquark nuclear bags or the formation of a sixŋquark state. We calculated the fast deuteron production in quasiŋfree reactions for a projectile energy of 1 GeV. It is shown that measurements at the 0^∘ Facility at COSYŋJĺulich under forward angles are most senŋ sitive to this process and allow to disentangle the quasiŋfree deuterons from the coalescence ones.

References

1. Butler, S.T., Pearson, C.A.: Phys.Rev. 129, 836 (1962) 2. Schwarzschild, A., Zupancic, C.: Phys.Rev. 129, 854 (1962) 3. Bozzoli, W., Bussiffiere, A., Giacomelli, G., Lesquoy, E., Meunier, R., Moscoso, L., Muller, A., Rimondi, F., Zylberajch, S.: Nucl.Phys.B 144, 317 (1978) 4. Bourquin, M., Brown, R.M., Chatelus, Y. et al.: Nucl.Phys.B 153, 13 (1979) 5. Vorontsov, I.A., Safronov, G.A., Sibirtsev, A.A., Smirnov, G.N., Stepanov, N.V., Trebuchovsky, Yu.V., Fromkin, V.A.: Preprint ITEPŋ 144, Moscow 1984 6. Gugelot, P.C., Paul, S.M.: Z.Phys.A 344, 325 (1993) 7. Borgs, W.,Bĺuscher, M., Gotta, D., Grzonka, D., Koch, H.R., Oelert, W., Ohm, H., Schult, O.W.B., Seyfarth, H., Sistemich, K., Watzlawik, K.H., Ernst, J., Hinterberger, F., Jarczyk, L., Kamys, B., Kistryn, St., Kozela, A., Smyrski, J., Strzalkowski, A., Dienel, S., Leege, K.W., Mĺuller, H., Schneidereit, C., Dshemuchadze, S.V., Komarov, V.I., Lyachenko, V., Nichitiu, F., Travkin, V., Zalyhanov, B.Z., Zhuravlev, N.I., Koptev, V., Abaev, V., Birien, P., Cassing, W., Dombrowski, H., Santo, R.: COSY Proposal 18, Jĺulich 1990

8. Bĺuscher, M., Cassing, W., Franzen, A., Kamys, B., Komarov, V.I., Koptev, V., Kopyto, S., Mĺuller, H., Nioradze, M., Schult, O.W.B., Sibirtsev, A.A., Sistemich, K.: Proc.Int.Conf. on Mesons and Nuclei at Intermediate Energies, Dubna, Russia, May 3Ű7, 1994, (to be pubŋ lished) 9. Bertsch, G., Cugnon, J.: Phys.Rev.C 24 2514 (1981) 10. Sato, H., Yazaki, K.: Phys.Lett.B 98 153 (1981) 11. Albrecht, H., Glĺaser, R., Harder, G.: Phys.Lett. 236, 102 (1990) 12. Remler, E.A.: Ann.Phys. (NY) 136, 293 (1981) 13. Gyualassy, M., Frankel, K., Remler, E.A.: Nucl.Phys.A 402, 596 (1983) 14. Lobov, G.A., Sibirtsev, A.A.: Sov.J.Nucl.Phys.52, 1077 (1990) 15. Alberi, G., Rosa, L.P., Thome, Z.D.: Phys.Rev.Lett. 34, 503 (1975) 16. Sibirtsev, A.A.: Sov.J.Nucl.Phys. 55, 541 (1992) 17. Safronov, G.A.: Sov.J.Nucl.Phys. 55, 1234 (1992) 18. Bayukov, Y.D., Gavrilov, V.B., Goryainov, N.A., Grishuk, O.B., Degtŋ yarenko, P.V., Kornienko, N.L., Leksin, G.A., Fedorov, V.B., Shvartsŋ man, B.B., Shevchenko,S.V., Shuvalov, S.M.: Sov.J.Nucl.Phys. 39, 938 (1984) 19. Boyarinov, S.V., Gerzon, S.A., Kiselev, Y.T., Leksin, G.A., Marteŋ myanov, A.N., Novikov, V.L., Semenov, S.V., Terechov, Y.V., Sheinkman, V.A.: Sov.J.Nucl.Phys. 47, 600 (1988) 20. Abramov, V.V., Baldin, B.Y., Buzulutskov, A.E., Vasilchenko, V.G., Volkof A.A., Glebov, V.Y., Dyshkant, A.S., Evdokimov, V.N., E^ŋ mov, A.O., Zmushko, V.V., Krinitsyn, A.N., Mutafyan, M.I., Podŋ starkov, V.M., Ronzhin, A.I., Sulyaev, R.M., Turchanovich, L.K.: Sov.J.Nucl.Phys. 45, 845 (1987) 21. Cronin, J.V., Frisch, H.J., Shochet, M.J., Boymond, J.P., Piroue, P.A., Sumner, R.L.: Phys.Rev.D 11, 3105 (1975) 22. Sibirtsev, A.A., Bĺuscher, M.: Z.Phys.A 347, 191 (1994) 23. Cassing, W., Demski, T., Jarczyk, L., Kamys, B., Rudy, Z., Schult, O.W.B., Strzalkowski, A.: Z.Phys.A, (in press) 24. Schmidt, M., Rĺopke, G., Schulz, H.: Ann.Phys. (NY) 202, 57 (1990) 25. VerWest, B.J., Arndt, R.A.: Phys.Rev.C25, 1979 (1982)

This article was processed by the author using the LaTEX style ^le pljour2 from SpringerŋVerlag.