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eived September 19, 2000)Di�erential 
ross se
tions of the pd! 3H�+=3He�0 rea
tions were measuredsimultaneously at three beam momenta: 750MeV=
, 800MeV=
 and 850MeV=
.The di�erential 
ross se
tion of the pd ! 3He �was measured at 1675MeV=
beam momentum. All measurements 
over a wide angular range in the CMsystem. The experiments were performed at the COSY a

elerator in Jüli
h,Germany, by means of high purity Germanium Wall dete
tor together with themagneti
 spe
trometer BIG KARL. Estimated 
ross se
tions were 
ompared withthe predi
tions of simple theoreti
al models. In 
ase of isospin symmetri
 pd !3H�+=3He�0 rea
tions, the average 
ross se
tion ratio was estimated.PACS numbers: 14.40.�n, 24.80.+y, 25.10.+s, 13.60.Le� 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.(2231)



2232 W. Klimala et al.1. Introdu
tionThe di�erential 
ross se
tions ofpd! 3H�+ ;pd! 3He �0 ;pd! 3He � ; (1)rea
tions allows to study the rea
tion me
hanisms. In a simple impulseapproximation above pro
esses are dominated by the underlying elementarymeson produ
tions in pp or pn 
ollisions. On the other hand the measured
ross se
tions are in�uen
ed by Fermi momentum distribution in a deuteron.Most of available theoreti
al approa
hes 
on
erning pion produ
tion ondeuteron target is based on impulse approximations [1, 2℄. However, they
an di�er in the treatment of the bound state wave fun
tions, additionalintera
tions, distortions, in
lusion of the deuteron D-state and so on. Oneof those approa
hes is the model of Lo
her and Weber [3℄. However, �tted tothe pd! 3He�0 data in the �-resonan
e region it disagrees with measure-ments very 
lose to threshold, where the shape of the ex
itation fun
tionis 
onsistent with Germond and Wilkin model predi
tions [4℄. However,the latter 
annot be su

esfully extrapolated to higher beam energies todes
ribe experimental data near the �-resonan
e bump. Hen
e, for thepd ! 3He �0measurement we 
hose three beam momenta to �ll the gap inthe experimental data in the mentioned intermediate region.The �-meson produ
tion in pd 
ollision gives an opportunity to investi-gate the intera
tion of the lightest isos
alar meson with the nu
leus. A
-
ording to Haider and Liu [7, 8℄ the attra
tive ��N potential 
an lead tothe formation of �-mesi
 nu
lei with mass number A � 10 or even with massnumber A � 2 as reported by Rakityansky et al. [9℄. It is not 
lear yet if thequasi-bound ��3He states 
an be 
reated in the pd! 3He � pro
ess. Sometheoreti
al works report on this topi
 [10�12℄.2. ExperimentA

elarated proton beam from COSY1 syn
hrotron was fo
used on a6:4�0:2mm thi
k target 
ell �lled with liquid deuterium. Depending on theemission angle rea
tion produ
ts 
ould be dete
ted by the Germanium Walldete
tor or in the magneti
 spe
trometer BIG KARL. Both Germanium Walland BIG KARL spe
trometer allowed to re
onstru
t all three 
omponentsof the parti
le momentum at the target point.1 COoler SYn
hrotron, Fors
hungszentrum Jüli
h, Germany.
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Fig. 1. S
hemati
 view of Germanium Wall dete
tor. All the set-up has a radialsymmetry. The �rst element denoted by �E has a stru
ture of 200 Ar
himedesspirals with right or left orientation depending on the dete
tor side. Other elementsdenoted by E 
onsist of 32 wedges.The Germanium Wall is a high purity germanium dete
tor having 
on-i
al a

eptan
e with an opening angle of �287:5 mrad, see Fig. 1 [5℄. Itallows to measure parti
le energy losses and to determine parti
le emissionangle. The Germanium Wall 
onsists of up to four segmented elements: the�rst one is 1.7 mm thi
k and has a stru
ture of 200 Ar
himedes spirals withright or left orientation depending on the dete
tor side. It de�nes approxi-mately 40000 possible 
rossing points thus allowing good position and tra
kre
onstru
tion. Another three (or two, depending on experimental needs)elements are approximately ten times thi
ker (15 mm) and 
onsist of 32radial wedges2. The 
entral hole in the dete
tor with the opening angle of�28 mrad is foreseen for the beam to pass through to the beam dump. Therea
tion produ
ts emitted with small angles go through the hole as well and
an be dete
ted in BIG KARL.BIG KARL 
onsists of �ve a
tive magneti
 elements: three quadrupolesand two dipoles, see Fig. 2 [6℄. It was used in a mode with point to pointimaging in horizontal and point to parallel imaging in verti
al dire
tion.The fo
al plane dete
tion set-up 
onsisted of a two layer plasti
 s
intillatorhodos
ope and two sta
ks of multi-wire drift 
hambers. The energy lossesin 4 mm thi
k s
intillators and time of �ight between the layers were usedfor the parti
le identi�
ation. Signals delivered by the drift 
hambers wereused to re
onstru
t the parti
le momentum at the target point.Outside the s
attering 
hamber few s
intillator luminosity 
ounters weremounted and used to determine the beam intensity.2 For the experiments des
ribed here only two su
h segments were mounted.
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Fig. 2. S
hemati
 view of BIG KARL magneti
 spe
trometer 
onsisting of threequadrupoles Q1, Q2 and Q2a and two dipoles D1 and D2. The quadrupole Q3was not used. The parti
les 
ould be measured by means of the dete
tors at thefo
al plane: two layers of s
intillator hodos
ope and two sta
ks of Multi-Wire DriftChambers (MWDC). 3. Results3.1. pd! 3H�+=3He �0The evaluated di�erential 
ross se
tions as fun
tions of triton or he-lium 
os(#) in 
entre of mass system for three measured beam momenta750MeV=
, 800MeV=
 and 850MeV=
 are shown in Fig. 3. A strong forward�ba
kward assymetry is observed. For the lowest beam momentum the de-penden
e fall o� exponentially. For two higher beam momenta an additional
omponent to the exponential de
rease at forward angles appears. The pre-sented experimental data are 
ompared with predi
tions of Lo
her�Webermodel and with 
al
ulations of Canton and Ueda. The models 
annot repro-du
e the absolute yield of pion produ
tion and they are able to predi
t theshape of the distributions only at ba
kward angles. The di�erential 
rossse
tions were �tted with analyti
al fun
tions in order to evaluate the total
ross se
tions for pd! 3H�+=3He �0 rea
tions. Legendre polynomials werefound to yield the smallest �2/degree of freedom. The results are presentedin Table I.
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Fig. 3. Di�erential 
ross se
tions for pd ! 3H�+=3He�0 rea
tion. Measured dataare shown with full dots. S
aled theoreti
al 
al
ulations a

ording to models ofLo
her�Weber, Canton and Ueda are presented as well.



2236 W. Klimala et al. TABLE ITotal 
ross se
tions evaluated for pd ! 3H�+=3He�0 rea
tions. Only statisti
alerrors are given here.Momentum [MeV=
℄ �(pd! 3He�0) [�b℄ �(pd! 3H�+) [�b℄750 12:48� 0:17 26:72� 0:37800 14:43� 0:13 28:05� 0:18850 15:54� 0:30 34:90� 0:23Sin
e both rea
tions were measured simultaneously the obtained results
ould be used to estimate the 
ross se
tion ratio � the parameter often usedis isospin symmetry breaking studies. In a very naive model, if one negle
tsthe Coulomb intera
tion, the tritons are expe
ted to be produ
ed twi
e oftenas helium parti
les. We evaluated the 
ross se
tion ratio of both pro
essesat the same � values3 to 1:905 � 0:034 at � = 0:807 and 2:145 � 0:013 at� = 1:014. 3.2. pd! 3He �The evaluated di�erential 
ross se
tion for pd ! 3He � rea
tion mea-sured at 1675MeV=
 beam momentum is presented in Fig. 4. Two separateruns were performed at di�erent experimental times. They seem to be 
on-sistent within statisti
al errors. The measured points together with one
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Legendre fitFig. 4. Di�erential 
ross se
tion for pd! 3He � rea
tion. Present data are markedwith full dots and full squares. The Legendre polynomial �t was made to the datapoints in
luding the one of Banaigs [13℄.3 The � parameter is de�ned as pion momentum in CM system divided by its mass.



Meson Produ
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tions 2237measured in Sa
lay were �tted with Legendre polynomial in order to evalu-ate the total 
ross se
tion resulting with 622 � 91nb. In a similar way theexperimental data from Banaigs et al. [13℄, Loireleux [14℄ and Kir
hner [15℄were treated. Together with the data from Mayer [16℄ indi
ating the nar-row maximum near threshold, the total 
ross se
tion data as a fun
tion ofproton beam momentum are shown in Fig. 5. The experimental data are
ompared with two-step model of Kilian and Nann [17℄. It assumes that thepion from elementary pp ! d�+ rea
tion produ
es �-meson in res
atteringpro
ess. However, the present data ex
lude this model as the main rea
tionme
hanism. The s
aled 
al
ulation employing the matrix element from pho-toprodu
tion is represented by the solid line in the �gure giving the overalltrend of the ex
itation fun
tion.
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Fig. 5. Total 
ross se
tion for pd ! 3He � rea
tion as fun
tion of beam kineti
energy. The present data point is marked with full dot. Near threshold data fromMayer [16℄ indi
ate some enhan
ement of the the 
ross se
tion above the solid line� 
al
ulation employing the matrix element from photoprodu
tion on the proton.The insert shows the near threshold region.4. SummaryThe pion and �-meson produ
tion was studied in pd rea
tions. We mea-sured the di�erential 
ross se
tions over a wide angular range in CM system.The beam momenta were 
hosen to �ll the gap in the available experimentalinformation.For the pion produ
tion 
omparison with a few theoreti
al models wasmade showing their weakness espe
ially for forward angles in CM system.All 
al
ulation had to be s
aled to mat
h the measured produ
tion yield.



2238 W. Klimala et al.The simultaneous measurement of both neutral and 
harged pion produ
tionwas a test for isospin symmetry breaking. The average 
ross se
tion ratio
onsidered at the same �-value was evaluated to 2:11 � 0:08 for the beammomenta between 750MeV=
 and 850MeV=
. This ratio is 
onsistent withresult of [18℄ but is smaller than the one given by [19℄.A good agreement of the data for pd ! 3He � rea
tion with the 
al
u-lation based on N�(1535)-resonan
e ex
itation is an indi
ation that this isthe dominant rea
tion me
hanism. However, the enhan
ement of the datain near threshold region relative to the mentioned 
al
ulation 
an be 
ausedby strong �nal state intera
tion not in
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