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Abstract. The proton-deuteron breakup cross sections and analyzing powers

Ay for three kinematically complete con®gurations in a quasi-free-scattering

geometry have been measured at Elab
p � 65MeV. The data are compared with

predictions of rigorous Faddeev calculations using the Argonne AV14, Bonn-B,

Nijmegen-78, and Paris potentials. A satisfactory agreement between theory

and experimental data, both for cross sections and analyzing powers, has been

found.

1 Introduction

The capability to solve the Faddeev equations for the three-nucleon (3N) con-

tinuum using realistic nucleon-nucleon (NN) forces with all their complexities

allows to use the 3N system as a testing ground for nuclear dynamics [1]. The basic

question is: How well does the use of realistic NN forces describe the elastic

nucleon-deuteron (Nd) scattering and the breakup process? In order to answer this

question the ®rst prerequisite is a ®rmly established data base for comparison with

the theoretical predictions. Many experiments performed in recent years have

broadened this data base, in particular for elasticNd scattering, where both proton

and neutron beams have been used. A set of precise proton-deuteron (pd ) angular

distributions, below and above the breakup threshold, has been established [1±5].

A strong experimental e�ort has also been made to obtain precise analyzing powers
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with polarized protons and deuterons [2±8] and polarization-transfer coe�cients

[9, 10]. Recently an important experimental progress has been achieved in precise

measurements of the elastic neutron-deuteron (nd) angular distributions [11] and

the neutron analyzing powers [12±14].

For the breakup process the existing data base is still rather poor [15±23] as

compared to that of elastic Nd scattering. This situation is unsatisfactory since the

Nd breakup deserves much more attention. There the ®nal momenta of the

outgoing nucleons are not integrated over the deuteron wave function which

makes this process richer in physical information than the elastic scattering. The

possibility of choosing certain kinematical con®gurations for the outgoing

nucleons allows one to concentrate on speci®c properties of the NN interaction

that are singled out, e.g., in the ®nal-state interaction (FSI) or in the quasi-free

scattering (QFS) processes. A well established data base, con®rmed by independent

measurements is badly needed. This is particularly true for the neutron-induced

breakup process where discrepancies between results obtained by di�erent groups

exist [16, 17, 21]. But also for the pd breakup only very few measurements with

polarized protons or deuterons have been performed [16, 18±20, 23, 25]. The data

on spin observables can be especially informative and stimulating [24].

The aim of this study is to add a new set of accurate cross-section and analyzing-

power data for the 2H(~p; pp�n reaction in kinematically complete geometries

enclosing QFS con®gurations and to compare them to the predictions of 3N

Faddeev calculations based on di�erent realistic NN interactions. This work is a

continuation of the measurements at Elab
p � 65MeV [23] where collinear con®g-

urations have been studied. The restriction to geometries meeting the QFS

condition (the undetected nucleon is at rest in the laboratory system; in one

con®guration this condition is ful®lled only approximately) was motivated by the

persistent disagreement observed at lower energies between proton-proton (pp)

QFS cross-section data and theoretical predictions based on realistic NN

interactions [19, 22]. As has been demonstrated in ref. [26] at 65 MeV and as we

know from the present study even in this con®guration multiple rescattering

between the three nucleons is still present. Thus even under QFS conditions we

still probe proper 3N reaction mechanisms.

In Sect. 2 we present the details of the experimental setup. A short description of

theory follows in Sect. 3. The experimental and theoretical results and their

discussion are given in Sect. 4. In Sect. 5 we summarize and conclude.

2 Experiment

The experiment was carried out at the Paul Scherrer Institute. The Philips

Cyclotron provided a transversally polarized proton beam with an energy of

65MeV, an average intensity of about 300 nA and a polarization jPyj � 0:75.

The beam was focused on a deuterium gas target mounted in a scattering chamber

and cooled down to 77K. The beam polarization was continuously monitored in a

transmission polarimeter by observing the asymmetry in ~p � 12C elastic scattering

at 45:88 with a pair of NaI(Tl) scintillation detectors. The sign of the polarization

was reversed every second by switching the radio frequency transitions at the ion

source. Eight �E-E telescopes built of NE102 plastic scintillators and arranged
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symmetrically on both sides of the beam axis were used for the detection of charged

reaction products. Standard electronics and an on-line data-acquisition system

collected the coincidences between each pair of the telescopes. Single events with a

rate reduced by a factor of 1000 were recorded simultaneously. The analyzing

powers Ay were calculated from the asymmetry of the spectra of coincidences

corresponding to di�erent spin states. The proton beam was collected in a Faraday

cup for normalization purposes. The kinematically complete break-up cross

sections were determined from the same spectra by summing over the spin states

of the beam. The absolute normalization was achieved by comparing to the p � 2H

elastic scattering cross sections from ref. [4]. Accidental coincidences were meas-

ured simultaneously and subtracted in the o�-line analysis.

The detailed description of the experiment, the data analysis and the discussion

of errors is published in ref. [23].

3 Theory

The theoretical predictions presented in this work are based on rigorous solutions

of the 3N Faddeev equation with realistic NN interactions. The equation has the

form

T � tP� tPG0T �1�

and contains the two-body o�-shell transition matrix t, the sum of a cyclic

and anticyclic permutation of three nucleons P and the free 3N propagator G0.

The t-matrix is generated via the Lippmann-Schwinger equation from the chosen

NN interaction. The operators in Eq. (1) act on the incoming state composed of the

deuteron wave function and the eigenstate of the initial momentum for the relative

motion of the projectile nucleon and the deuteron.

The transition operatorU0 for the deuteron breakup process is obtained from T

by

U0 � �1� P�T : �2�

The physics of Eqs. (1)±(2) becomes transparent by iterating expression (1) and

inserting the series into Eq. (2). This clearly results in the multiple scattering series.

Details of our notation and the numerical procedure can be found in refs. [27, 28].

We solved Eq. (1) with di�erent NN interactions: Argonne AV14 [29], Bonn-

B [30] (an OBEP parametrization of the full Bonn potential [31]), Nijmegen-78 [32],

and Paris [33]. In all calculations the well established charge-independence break-

ing of the NN interaction was treated exactly by allowing an admixture of total

isospin T � 3
2
into the 1S0 state [34]. Violation of this symmetry requires the use of

di�erent NN interactions for the np and pp systems, respectively. In case of the

Argonne AV14 and Bonn-B potentials, which are ®tted to the np 1S0 scattering

data, we take for the 1S0 pp interaction the modi®ed version of the Bonn-B

potential, ®tted to the pp scattering length [31]. For the Nijmegen-78 and Paris

potentials, which are adjusted to the pp scattering data, the np 1S0 interaction is

taken from the Bonn-B potential. With newerNN potentials the mixing of di�erent

types ofNN forces could be avoided, however, we do not expect signi®cant changes

in the breakup cross sections and analyzing powers as calculated in this work. In
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order to get fully convergent results at our energy all partial-wave states with two-

nucleon total angular momenta j � 3 had to be taken into account. It was checked

in a calculation with the Bonn-B potential that the contribution of j � 4 compo-

nents of the NN force is negligible.

4 Comparison of Theory and Experiment

In Figs. 1±3 the measured cross sections and analyzing powers Ay for three

kinematical con®gurations (�p1
, �p2

, �12) = (448, 448, 1808), (308, 608, 1808),

and (358, 358, 1808) are compared to our theoretical predictions evaluated under the

assumption of a point geometry. For all these con®gurations, and practically for all

values of the arc length S along the kinematical curve, the cross sections given by

di�erent potentials essentially coincide. Only in the neighbourhood of the exact

QFS condition they di�er by up to about 8%. The widths of the theoretical QFS

peaks are somewhat larger than the experimental ones; correspondingly a small

overshooting of the maxima (except for the Paris prediction in Figs. 1 and 3) is

observed.

The theoretical predictions for the analyzing powers Ay agree well with the

measured values. The di�erences (up to about 5% depending on the con®guration

and the region of S) among the predictions of the di�erent potentials are smaller

than the experimental error bars.

The theoretical curves presented in Figs. 1±3 are obtained for an ideal point

geometry of the target and the detectors. The experimental events are located in a

band around the curve for point geometry in the 2-dimensional energy plane of the

two detected protons. The width of the band in this experiment is due mostly to the

®nite angular acceptance of the detectors. To check the e�ect of this ®nite angular

resolution we performed a simulation of the speci®c conditions for the present

measurement using the Monte-Carlo method [23]. In practically all cases the ®nite

angular resolutions of the experimental setup produce only a negligible e�ect and

do not spoil the good agreement between data and theory. Fig. 4 shows the worst

case.

The in¯uence of theNN force components with total angular momenta j � 4 on

the calculated observables (in addition to the calculation keeping only j � 3 NN

forces) is also shown in Fig. 4. It can be seen that these additional partial waves do

not change drastically the j � 3 predictions.

Recent theoretical analyses of the proton-induced deuteron breakup measure-

ments performed at proton energies Elab
p � 25MeV revealed large discrepancies

between theory and data for the pp QFS con®gurations [19, 22]. Typically, theory

overshoots the experimental ppQFSmaxima by up to about 20%. It is intriguing to

understand the reason why at the higher energy of 65MeV the discrepancy has

nearly disappeared.

One of the possible explanations are the Coulomb force e�ects. All the

calculations presented here take into account only the nuclear part of the NN

potential, neglecting totally the Coulomb interaction of the two protons. Up to

now no rigorous solution for the 3N continuum above the breakup threshold for

realistic NN forces and an exact treatment of the Coulomb interaction has been

presented. Only very recently a ®rst calculation based on a simple, rank-1 S-wave
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Fig. 1. Cross section and analyzing power for the ppQFS con®guration at Elab
p � 65MeV,�p1

� 448,

�p2
� 448, and �12 � 1808. The full circles are our experimental data. The solid, dashed, dotted, and

dashed-dotted curves are the theoretical predictions obtained with the Bonn-B, Paris, AV14, and

Nijmegen-78 potentials, respectively, with all j � 3 two-nucleon states included. The error bars

represent the statistical and systematic uncertainties added in quadrature. The arrow indicates the

position of the lowest neutron recoil energy
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NN interaction appeared [35]. With such a simpli®ed dynamics one observes a

decrease of the cross section in the low energy pp QFS maxima when the Coulomb

force is included [35]. Whether this e�ect will survive for realistic NN forces is not

yet known.

Some qualitative insight into possible Coulomb-force e�ects in the pp QFS

region can be gained by assuming that the dominant part of the QFS reaction

mechanism is purely of two-body character. Though this is not yet valid at 65MeV
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Fig. 2. The same as Fig. 1 but for �p1
� 308, �p2

� 608, and �12 � 1808
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(rescattering corrections can be neglected starting from 130MeV [26]), it might

serve as a rough qualitative trend. Under this assumption one can estimate

qualitatively the importance of the Coulomb-force e�ects in the QFS region by

comparing the energy dependence of the angular distribution for free neutron-

neutron (nn) and pp elastic scattering. The nn cross section is always larger than the

corresponding pp one except for the extreme forward- and backward-scattering

Proton-Induced Deuteron Breakup at Elab
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Fig. 3. The same as Fig. 1 but for �p1
� 358, �p2

� 358, and �12 � 1808
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angles, where pure Rutherford scattering takes over. As an example, we show in

Figs. 5 a and 5 b the di�erential cross sections for the nn and pp elastic scattering at

Ecm � 2:5MeV and Ecm � 32:5MeV, respectively. The centre-of-mass energy of

the two-nucleon scattering process corresponding to the pp QFS of the present

paper is 30.5MeV, 27.4MeV, and 20.6MeV for (448, 448, 1808), (308, 608, 1808),

M. Allet et al.34

Fig. 4. The e�ects of ®nite angular resolution of the experimental setup (dashed curve) in comparison

to the theoretical predictions for point geometry (solid curve) for the pp QFS con®guration from

Fig. 2. The dotted curve represents the point-geometry calculation with all j � 4 NN force

components. All curves refer to the Bonn-B potential
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Fig. 5. Elastic-scattering angular distributions for the nn (solid curve) and the pp (dashed curve)

systems at Ecm � 2:5MeV (a) and at Ecm � 32:5MeV (b), obtained with the Bonn-B potential

Fig. 6. Energy dependence of ��Ecm� as

de®ned in Eq. (3)
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and (358, 358, 1808) con®gurations, respectively. It is thus comparable with the

energy of the pp elastic scattering from Fig. 5 b. It is clearly seen that the in¯uence

of the Coulomb force on the elasticNN angular distributions in the central angular

region diminishes with increasing energy. Fig. 6 shows the energy dependence of the

relative deviation ��Ecm� between nn and pp cross sections at �cm � 908:

��Ecm� �

d�

d


� �nn
�908� ÿ

d�

d


� �pp
�908�

d�

d


� �pp
�908�

: �3�
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Fig. 7. Laboratory energy carried away by the unobserved neutron (solid line) and centre-of-mass

energy of interacting pp pair (dashed line) for the con®gurations �448; 448; 1808�, �308; 608; 1808�, and

�358; 358; 1808�, respectively
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A similar behaviour of the Coulomb-force e�ects in the pp quasi-free scattering

process would reconcile the nice description of our pp QFS data and the signi®cant

discrepancies found in the studies at lower energies [19, 22]. In addition, this would

also ``explain'' that the smaller width of the experimental ppQFS peak has its origin

in the Coulomb interaction. Namely, the quasi-free scattering processes corre-

sponding to events lying outside the exact QFS condition take place at somewhat

smaller pp energies than for the exact QFS conditions since the unobserved neutron

carries away some energy (see Fig. 7). Therefore Coulomb-force e�ects should be

larger (Fig. 6), leading to smaller cross sections.

Such a simple qualitative estimate would also explain the smallness of Coulomb-

force e�ects for the vector analyzing power Ay at the energy of the present study. The

free nn and pp analyzing powers at 65MeV shown in Fig. 8 are nearly identical.

However, it should be stressed that the ``explanations'' presented above are only

very tentative and they must be replaced in the future by a more quantitative insight

based on rigorous 3N continuum calculations performed with Coulomb forces and

realistic NN interactions.

5 Summary and Conclusions

Using a polarized proton beam with an energy of 65MeV the cross sections and

analyzing powers Ay have been measured in three kinematically complete breakup

con®gurations. The geometrical setup for these con®gurations was chosen such

that it encloses the pp quasi-free scattering condition, where the undetected nucleon

(neutron) is at rest or nearly at rest in the laboratory system.

The experimental data were compared to theoretical predictions based

on rigorous solutions of the 3N Faddeev equations with the AV14, Bonn-B,

Nijmegen-78, and Paris NN potentials. In all calculations the charge-independence

breaking of the NN interaction in the state 1S0 was properly taken into account.

For all three con®gurations the variousNN potentials used in the present paper

give a satisfactory description of the magnitude of the peak in the pp QFS cross

Proton-Induced Deuteron Breakup at Elab
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Fig. 8. Angular distribution of the analyzing

power Ay in nn (solid curve) and pp (dashed

curve) scattering at Ecm � 32:5MeV

&



sections. In all cases the experimental widths of the QFS peaks are somewhat

smaller than the corresponding theoretical ones.

The theoretical predictions for the analyzing powers agree well with the

experimental data. Small di�erences between the predictions given by the di�erent

potentials at some regions of the kinematical curve lie within the experimental error

bars.

The discrepancy between the experimental and theoretical widths of the ppQFS

peaks cannot be removed by taking into account the ®nite angular resolution of the

experimental setup. The ®nite angular apertures of both coincident-proton detec-

tors used in the present experiment do not a�ect the point-geometry cross sections

and analyzing powers for all three con®gurations in any signi®cant way.

The relatively good description of the pp QFS cross-section data found in the

present work is in contrast to the signi®cant discrepancies between the experimental

cross sections and the theory found at lower energies. Assuming a predominantly

two-body quasi-free NN scattering character of the QFS mechanism, one can

qualitatively speculate about the possible in¯uence of the Coulomb-force e�ects on

the QFS cross-section and analyzing-power data by comparing free nn and pp

scattering. This explains the satisfactory description of the magnitude of the QFS

cross sections and analyzing powers at our energy, where Coulomb-force e�ects are

expected to be small, in comparison to low energies where Coulomb-force e�ects

should lead to a signi®cant lowering of the pure nuclear pp QFS cross section. In

addition, according to this speculation, the Coulomb-force e�ect could also explain

the disagreement between the experimental and theoretical widths of the pp QFS

peaks. Outside the strict QFS condition the pp pair has less energy and lowering of

the cross section by the Coulomb force should therefore be larger. This very

simplistic qualitative estimate of the Coulomb-force e�ects in the region of the pp

QFS peak is preliminary and awaits con®rmation by rigorous 3N continuum

calculations performed with realistic NN interactions and an exactly treated

Coulomb potential.

Acknowledgments. This work was supported by the Polish Committee for Scienti®c Research under

Grant No. PB 1031, the EC under Grant No. CI1-CT91-0894, the Deutsche Forschungsgemeinschaft,

and the Swiss National Foundation. The numerical calculations have been performed on the CRAY

Y-MP of the HoÈ chstleistungsrechenzentrum in JuÈ lich, Germany, and on the NEC SX3 of the SCSC in

Manno, Switzerland.

References

1. GloÈ ckle, W., Witala, H., Kamada, H., HuÈ ber, D., Golak, J.: Proceedings of the 14th Inter-

national IUPAP Conference on Few-Body Problems in Physics, Williamsburg, VA, USA, 1994

(AIP Conference Proceedings, Vol. 334), (Gross, F., ed.), p. 45. New York: AIP 1995; and

references therein

2. GruÈ ebler, W., KoÈ nig, V., Schmelzbach, P. A., Sperisen, F., Jenny, B., White, R. E., Seiler, F.,

Roser, H. W.: Nucl. Phys. A398, 445 (1983)

3. Bunker, S. N., Cameron, J. M., Carlson, R. F., Richardson, J. R., Tomas, P., Van Oers, W. T. H.,

Verba, J. W.: Nucl. Phys. A113, 461 (1968)

4. Shimizu, H., Imai, K., Tamura, N., Nishimura, K., Hatanaka, K., Saito, T., Koike, Y.,

Taniguchi, Y.: Nucl. Phys. A382, 242 (1982)

M. Allet et al.38

&



5. Rauprich, G., HaÈ hn, H. J., Karus, M., Niessen, P., Oswald, H., Sydow, L., Paetz gen. Schieck,

H., Koike, Y.: Few-Body Systems 5, 67 (1988)

6. Sagara, K., Oguri, H., Shimizu, S., Maeda, K., Nakamura, H., Nakashima, T., Morinobu, S.:

Phys. Rev. C50, 576 (1994)

7. King, N. S. P., Romero, J. L., Ullmann, J., Conzett, H. E., Larimer, R. M., Roy, R.: Phys. Lett.

69B, 151 (1977)

8. Witala, H., GloÈ ckle, W., Antonuk, L. E., Arvieux, J., Bachelier, D., Bonin, B., Boudard, A.,

Cameron, J. M., Fielding, H. W., GarcË on, M., Jourdan, F., Lapointe, C., McDonald, W. J.,

Pasos, J., Roy, G., The, I., Tinslay, J., Tornow, W., Yonnet, J., Ziegler, W.: Few-Body Systems

15, 67 (1993); and references therein

9. Clajus, M., Egun, P. M., GruÈ ebler, W., Hautle, P., SÏ laus, I., Vuaridel, B., Sperisen, F.,

Kretschmer, W., Rauscher, A., Schuster, W., Weidmann, R., Haller, M., Bruno, M., Cannata,

F., D'Agostino, M., Witala, H., Cornelius, Th., GloÈ ckle, W., Schmelzbach, P. A.: Phys. Lett.

245B, 333 (1990)

10. Sydow, L., LemaÃ itre, S., Nissen, P., Nyga, K. R., Rauprich, G., ReckenfelderbaÈ umer, R., Vohl,

S., Paetz gen. Schieck, H., Witala, H., GloÈ ckle, W.: Nucl. Phys. A567, 55 (1994)

11. Janson, G.: Ph.D. Thesis. University Uppsala, 1985

12. Howell, C. R., Tornow,W., Murphy, K., PfuÈ tzner, H. G., Roberts, M. L., Anli Li, Felsher, P. D.,

Walter, R. L., SÆ laus, I., Treado, P. A., Koike, Y.: Few-Body Systems 2, 19 (1987)

13. Tornow, W., Howell, C. R., Alohali, M., Chen, Z. P., Felsher, P. D., Handy, J. M., Walter, R. L.,

Weisel, G., Mertens, G., SÆ laus, I., Witala, H., GloÈ ckle, W.: Phys. Lett. 257B, 273 (1991)

14. McAninch, J. E., Haeberli, W., Witala, H., GloÈ ckle, W., Golak, J.: Phys. Lett. 307B, 13

(1993)

15. Howell, C. R., Tornow, W., SÏ laus, I., Felsher, P. D., Roberts, M. L., PfuÈ tzner, H. G., Anli Li,

Murphy, K., Walter, R. L., Lambert, J. M., Treado, P. A., Witala, H., GloÈ ckle, W., Cornelius, T.:

Phys. Rev. Lett. 61, 1565 (1988)

16. Strate, J., GeissdoÈ rfer, K., Lin, R., Bielmeier, W., Cub, J., Ebneth, A., Finckh, E., Friess, H.,

Fuchs, G., Gebhardt, K., Schindler, S.: Nucl. Phys. A501, 51 (1989)

17. Stephan, M., Bodek, K., Krug, J., LuÈ bcke, W., Obermanns, S., RuÈ hl, H., Steinke, M., Kamke,

D., Witala, H., Cornelius, Th., GloÈ ckle, W.: Phys. Rev. C39, 2133 (1989)

18. Karus, M., Buballa, M., Helten, J., Laumann, B., Melzer, R., Niessen, P., Oswald, H., Rauprich,

G., Schulte -Uebbing, J., Paetz gen. Schieck, H.: Phys. Rev. C31, 1112 (1985)

19. Rauprich, G., LemaÃ itre, S., Niessen, P., Nyga, K. R., ReckenfelderbaÈ umer, R., Sydow, L.,

Paetz gen. Schieck, H., Witala, H., GloÈ ckle, W.: Nucl. Phys. A535, 313 (1991)

20. Shimizu, H., Imai, K., Matsusue, T., Shirai, J., Takashima, R., Nisimura, K., Hatanaka, K.,

Saito, T., Okihana, A.: Nucl. Phys. A380, 111 (1982)

21. Finckh, E.: Private communication

22. Zadro, M., BogovacÂ , M., Calvi, G., Lattuada, M., MiljanicÂ , D., RendicÂ , D., Spitaleri, C.,

VlahovicÂ , B., Witala, H., GloÈ ckle, W., Golak, J., Kamada, H.: Nuovo Cim. 107A, 185 (1994)

23. Allet, A., Bodek, K., Hajdas, W., Lang, J., MuÈ ller, R., Naviliat-Cuncic, O., Sromicki, J., Zejma,

J., Jarczyk, L., Kistryn, St., Smyrski, J., Strzalkowski, A., GloÈ ckle, W., Golak, J., Witala, H.,

Dechant, B., Krug, J., Schmelzbach, P. A.: Phys. Rev. C50, 602 (1994)

24. Qin, L. M., Boeglin, W., Fritschi, D., GoÈ tz, J., Jourdan, J., Masson, G., Robinson, S., Sick, I.,

Trueb, P., Tucillo, M., Zihlmann, B., Witala, H., Golak, J., GloÈ ckle, W., Huber, D.: Nucl. Phys.

A587, 252 (1995)

25. Low, D. A., Stephenson, E. J., Olmer, C., Opper, A. K., Park, B. K., Schwandt, P., Wissink, S. W.:

Phys. Rev. C44, 2276 (1991)

26. Witala, H., GloÈ ckle, W., Cornelius, Th.: Few-Body Systems 6, 79 (1989)

27. Witala, H., Cornelius, Th., GloÈ ckle, W.: Few-Body Systems 3, 123 (1988)

28. GloÈ ckle, W.: The Quantum-Mechanical Few-Body Problem. Berlin-Heidelberg-New York:

Springer 1983

Proton-Induced Deuteron Breakup at Elab
p � 65MeV 39

&



29. Wiringa, R. B., Smith, R. A., Ainsworth, T. L.: Phys. Rev. C29, 1207 (1984)

30. Machleidt, R.: Adv. Nucl. Phys. 19, 189 (1989)

31. Machleidt, R., Holinde, K., Elster, Ch.: Phys. Rep. 149, 1 (1987)

32. Nagels, M. M., Rijken, T. A., de Swart, J. J.: Phys. Rev. D17, 768 (1978)

33. Lacombe, M., Loiseau, B., Richard, J. M., Vinh Mau, R., CoÃ teÂ , J., PireÁ s, P., de Tourreil, R.:

Phys. Rev. C21, 861 (1980)

34. Witala, H., GloÈ ckle, W., Kamada, H.: Phys. Rev. C43, 1619 (1991)

35. Alt, E. O., Rauh, M.: Few-Body Systems, Suppl. 7, 160 (1994); Few-Body Systems 17, 121 (1994)

Received January 16, 1995; accepted in ®nal form March 13, 1995

&

Proton-Induced Deuteron Breakup at Elab
p � 65MeV40


