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PION PRODUCTION IN DEUTERON PROTONCOLLISIONS BETWEEN THE 3N AND 2NTHRESHOLDS USING THE PROMICE/WASADETECTOR AT CELSIUS�J. Greiffa;b, I. Ko
hb, H. Rohdjeÿ
 and W. S
obelatogether with the PROMICE/WASA 
ollaborationaI. Institut für Experimentalphysik Universtät Hamburg22761 Hamburg, GermanybDept. of Radiation S
ien
es, Uppsala University75121 Uppsala, Sweden
Institut für Strahlen- und Kernphysik der Universität Bonn53115 Bonn, Germany(Re
eived June 19, 2000)The rea
tion dp! dp�0 has been measured with the PROMICE/WASAdete
tor setup at CELSIUS with deuteron beam energies between 436 MeVand 558 MeV. The observed energy and angular distributions allow to de-termine 
ontributions from a quasi-free np! d�0 and a 
oherent 3-nu
leonprodu
tion me
hanism.PACS numbers: 25.40.Ve, 13.75.Cs, 25.10.+s1. Introdu
tionPion-Produ
tion in the pd-system is of parti
ular interest, be
ause itis the simplest one to study the in�uen
e of a multinu
lear environmenton a hypotheti
al quasi-free NN ! NN�-pro
ess. Ex
itation fun
tions�pd!pd�0(Tp) with proje
tile protons of energies between the 3N and 2Nthresholds for �0 produ
tion 
ould be des
ribed as quasi-free pn ! d�0-intera
tion plus a spe
tator�proton [1℄. However, previous experimentaldata (with low sensitivity for spe
tator protons) indi
ated substantial 
on-tributions from other rea
tion me
hanisms [2,3℄.Re
ently the option of the CELSIUS-a

elerator to store 
ooled deute-ron-beams has been used to study rea
tions like e.g. dp! dp�0 at energies� 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.(2203)



2204 J. Greiff et al.between Td = 437 MeV and Td = 559 MeV, 
orresponding to pion momenta� = p�
:m:max=m�
 ranging from 0.3 to 0.9 [4℄.2. Experimental setupThe PROMICE/WASA dete
tor [5℄ allowed to 
over a large fra
tion ofthe a

essible phase-spa
e, whi
h was ne
essary for more detailed investiga-tions of produ
tion me
hanisms. In parti
ular the usage of the CELSIUSdeuteron beam gave a

ess to the phase spa
e region at whi
h a spe
tatorproton in dp ! dp�0 produ
tion from the intera
tion of the target protonwith the neutron of the proje
tile has been expe
ted [6℄.The events have been identi�ed by a kinemati
ally 
omplete measure-ment of the outgoing 
harged parti
les and a re
onstru
tion of the missingmass of the �0 [4,7℄. In addition the dete
tion of at least one 
 from the�0-de
ay has been used as a further 
onstraint to separate ba
kgroundevents. 3. ResultsThe experimentally observed energy and angular distributions have been�tted using Monte Carlo data from a full GEANT dete
tor simulation. Twomodel assumptions have been used as input for the simulation. The �rstone assumes the quasifree np! d�0 pro
ess a

ording to [1℄. The other is aphenomenologi
al approa
h, whi
h mainly assumes that the matrix elementfollows a dependen
y of the lowest angular momentum states LljM j2Ll / j~pNdj2Lj~p�j2lto des
ribe the 
ontribution of a 
oherent pion produ
tion pro
ess [4℄. Fig. 1shows the 
omparison of the experimental observables with a simultaneouslybest �t to all observables de
omposed into the quasifree and 
oherent 
on-tributions. In parti
ular the distributions of the assumed spe
tator protonshow signi�
ant deviations from a pure quasifree assumption. The relativequasifree 
ontribution to the total 
ross se
tion be
omes smaller when oneapproa
hes the 3N threshold.A 
omparison of the total 
ross se
tions de
omposed into the quasifreeand 
oherent part shows that [1℄ gives a good des
ription of the amplitude forthe quasifree pro
ess and that there is also agreement with [2,3℄ assumingthat the IUCF experiment was essentially only sensitive to the 
oherentprodu
tion pro
ess.



Pion Produ
tion in Deuteron Proton Collisions : : : 2205
0

200

400

600

0.1 0.2 0.3 0.4

Td ( GeV )

co
un

ts

0

250

500

750

1000

0 5 10 15

θd ( deg )

co
un

ts

0

200

400

0 0.1 0.2 0.3

Tp ( GeV )

co
un

ts

0

200

400

600

0 5 10 15 20 25

θp ( deg )

co
un

ts

0

500

1000

0 50 100 150

∆φdp ( deg )

co
un

ts

0

500

1000

1500

0 10 20 30 40

∠ dp ( deg )

co
un

ts

Fig. 1. Experimental angular and energy distributions of the dp! dp�0 observables(
rosses) at Td = 559 MeV in 
omparison to a best �t (solid line) 
omposed of aquasifree (dashed) and a 
oherent (dash-dotted) 
ontribution.
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Fig. 2. Left: Relative 
ontributions of the quasifree (triangles) and 
oherent (
ir-
les) produ
tion me
hanism to the distributions of observables in dp! dp�0 (opensymbols) and dp ! dn�+ (
losed symbols). Right: Comparison of dp ! dp�0ex
itation fun
tion �(�) of this work (open squares) and its de
omposition intoquasifree (open triangles) and 
oherent 
ontribution (open 
ir
les) with the resultfrom [2,3℄ (open 
rosses). The line gives the predi
tion of the spe
tator model [1℄without pd�FSI. REFERENCES[1℄ H.O. Meyer, J.A. Niskanen, Phys. Rev. C47, 2474 (1993).[2℄ H. Rohdjeÿ et al., Phys. Rev. Lett. 70, 2864 (1993).[3℄ H. Rohdjeÿ, PhD Thesis, Hamburg 1994.[4℄ J. Grei�, PhD Thesis, Hamburg 1999, available at http://kaa.desy.de/.[5℄ H. Calén et al., Nu
l. Instrum. Methods Phys. Res. A379, 57 (1996).[6℄ J. Grei� et al., A
ta Phys. Pol. B27, 2965 (1996).[7℄ J. Grei� et al., A
ta Phys. Pol. B29, 3043 (1998).


