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Abstract 

The 1T+-K and ÏÏ+-D e l a s t i c scattering excitation functions for 9 =180° 

were measured between 130 and 280 MeV kinet ic energy. The ir+-D resul ts show 

some evidence for a structure in the vic ini ty of 250 MeV which could be due 

to a dibaryon resonance formation. 

* On leave from TRIUMF, University of Brit ish Columbia, Vancouver, 
Canada. 



In several recent papers, the possible existence of dibaryon resonances 

appearing as a resonant behavior in p-p scattering (ref.1) and possibly in n-p 

scattering (ref.2) was reported. The analysis of the C-T spin correlation and 

of cross section differences between parallel and antiparallel longitudinal 

(Aa. ) and transverse (Ao"T) total cross sections in p-p data yields some evi-
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dence for three states at energies of 2.14-2.17 GeV ( D„), 2.20-2.26 GeV ( F 3) 

and 2.43-2.50 GeV ( G, ) . However, in a theoretical analysis of these nucleon-

nucleon anomalies inelastic channels are also present and the assumptions made 

about inelasticity will introduce uncertainties in the phase shift analysis. 

Besides N-N scattering several results which could be due to dibaryon 

resonances were reported, such as the total cross section (ref.3) or the pola

rization at 90° (ref.4) in the y+D-*-p+u reaction. In particular, the last 

experiment leads to an enhancement at 2.38 GeV with a width of 100-200 MeV. 

To ascertain these results, the ir+-D elastic scattering excitation 

function at very backward angles is a specifically well designed experiment. 

In the energy region of interest, i.e. for pion kinetic energies between I00 

and 350 MeV, the forward elastic scattering can be reproduced in terms of irN 

amplitudes (ref.5) which are dominated by the A(3,3) resonance. In the back

ward hemisphere for the pion, this single particle contribution to the cross 

section is reduced due to the large momentum transfer in the reaction which 

favors a two-nucleon mechanism to share the transferred momentum. Since 8 = 

180" is closest to the nonphysical region where the backward scattering am

plitude contains all the exchange singularities, this scattering angle corres

ponds to the most favorable situation. 

Little is knowi. about backward scattering since the experimental data 

are rather scarce (ref..6-9) and often inconsistent. For this reason, we mea

sured the excitation function at 180° of the TT+-D elastic scattering cross 
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section between 130 and 280 MeV. The experiment was carried out at the Swiss 

Institute for Nuclear Research (SIN) using the TTMI beam line and pion spectro

meter. In addition, the large angle set-up (ref.10) was used. The incident 

pion beam is momentum analysed and focused on the target located in a semi

circular magnet. The target can be moved continuously between its normal po

sition corresponding to a scattering angle of 135° and the 180° scattering 

position which is 30 cm further downstream. Good focusing on target in this 

case is obtained by moving the focal position of the channel downstream by 

decreasing the current in the last quadrupole doublet of the channel The 

backward scattered pions are detected in the high resolution pion spectrome

ter (ref.ll) for which the angle must be selected in order to measure the 

elastically scattered pions, since the kinematic condition is taken into ac

count by moving the spectrometer angle (ref.10). For TT -D e.lastic scattering 

the spectrometer angle is 123.7°, whereas for iv+-H scattering it is 120.1° 

for all energies. Since the target is further away from the spectrometer en

trance, the normal spectrometer solid angle AS2 = 16 msr is reduced. Howe\rer, 

this decrease is independent of the pion energy. In addition, care was taken 

to have the same focusing conditions on target at each energy. The targets 

used are liquid C,D.2 and C,H.2 targets of identical 3 mm thickness with very 

thin Al windows (30 pm). External kapton windows of 25 \m allow a small air 

overpressure between the two windows to reduce the deformation of the shape of 

the Al window due to internal liquid pressure. 

I 2 
Elastic scattering of positive pions on H and D was measured for 

8 =180° at seven energies between 130 MeV and 280 MeV incident energy. In ad
dition, at T =230 MeV, the same cross sections were also measured at 8 =133°. 

it 7f 

Fig.I shows two scattering spectra at 8 =180° and T =180 MeV corresponding to 

it -D and H+-H scattering taken with TT -D spectrometer settings. Energy reso

lution is 900 keV FWHM. Contaminations from carbon and the target windows are 

clearly observed as well as the inclusive spectrum up to 40 MeV excitation 
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energy of deuterium break-up. Data analysis took into account pion decay and 

muon contamination. Our results are shown on fig.2 for t! -H and on fig.3 for 

7T+-D scattering. Error bars include both statistics and background subtrac

tion. In addition, an overall normalization error of ±15% was added, due 

mainly to target thickness and acceptance of the pion spectrometer with the 

large angular facility. The 7r+-H and î -D elastic cross sections at 8^=133° 

and T =230 MeV are in accord with previous results (ref.12,13) and new ir+-D 

results at T =256 MeV (ref.14). The 7T+-H elastic scattering results at 6 =180° 

shown on fig.2 are compared with previous extrapolated results (ref.12,15) 

where the error bars include the uncertainties arising from extrapolating 

from -0.6<cos 6<-0.8 to cos 6 = -l. Our 180° results are slightly higher 

than the extrapolated values near the maximum of the irN(3,3) resonance, where

as the opposite situation occurs for T =255 and 280 MeV. This means that 

the ir+-H differential cross section is increasing faster than predicted for 

very backward angles in the region of the maximum of the (3,3) resonance, but 

decreasing faster for increasing energies. The 180° ir̂'-D elastic scattering 

results presented on fig.3 are compared with the 180° data of ref.9 at lower 

energies and those of ref.7 and 8 for 9 < 164° at higher energies. The dashed 

curve is a calculation by Giraud et al. (réf.5) based on the Faddeev-Lovelace 

equations with relativistic kinematics used only for the pion (RPK theory). 

All S and P wave 1TN channels are included except P.. and a parametrization of 
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the S.- D. NN channel giving a realistic deuteron wave function is used 

(ref.16). Compared to the data the general slope is well reproduced. However, 

there seems to be a deviation for 225< T < 300 MeV reaching a factor of two 

at 225 MeV. Above 300 MeV, this theory is not well suited. On the same figure, 

the positions of the three p-p resonances of ref.l in the ir+-D total center 

of mass energy are given. The arrows indicate the uncertainties on their ener

gy determination. We observe some experimental structure at T =240-260 MeV 

which is located in the vicinity of the F, resonance. 



Kanai et al. carried out a Glauber model calculation (ref.17) with a 
3 resonance term including the F., state which shows a significant enhancement 

of the IT -D elastic cross section at very backward angles for T =230 MeV. In 

addition, they also include the resonance at 2.5 GeV and find a good agree

ment with the data of Schroeder et al. (réf.7) at T =420 MeV (shown on fig.3), 

while without this resonance their model yields a cross section too low by an 

order of magnitude. However, at this stage of the discussion, it should be 

pointed out that other effects may enhance the backward Tr+-D elastic cross 

section. For example Rinat et al. (réf.18) calculated the ir -D observables at 

T = 142, 180, 217, 232 and 256 MeV using a fully relativistic thiee body theo

ry including pion emission and absorbtion. Their 8 =180° results shown on 

fig.3 (dot-dashed curve) agree well with the Giraud et al. calculation if ab

sorbtion effects are not taken into account. However the inclusion of the latter 

produces significant enhancements (crosses on fig.3) although the agreement 

is satisfactory at T -230 MeV only whereas absorbtion effects seem too strong 

around 200 and at 256 MeV. E.L.Lomon (ref.20) suggested that pion absorbtion 

effects could be dynamically related to dibaryon resonance formation. Kubodera 

et al.(ref.19) recently calculated the Faddeev amplitudes mixed with the three 

T=l dibaryon resonances but without pion absorbtion. Their result is very 

sensitive to the mixing of the two allowed p'.on orbital momenta in the diba-

ryons and remains always too low by a factor of two if compared to the expe

rimental result at T_=225 MeV. This could mean that absorbtion effects should 

be added independently of the dibaryon resonance formation which was done by 
3 

Rinat et al.(ref.18) at T=256 MeV. However when they include both the F-

resonance and the pion absorbtion, the ir+-D cross section reaches 0.8 mb/sr 

which is now too high by a factor of two to three. We propose two explanations: 

1) At backward angles the predicted cross sections are very sensitive 

to the deutcron form factors and depend strongly (see ref.18) on the D-state 

behavior of the deuteron wave function. 
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2) As mentioned above, the TT+-H amplitudes used in Tr -D calculations 

at 8 =180° should be corrected taking into account our new TT+-H, 9 =180° mea

surements which probably will increase the calculated ir+-D cross sections 

between 100 and 200 MeV and decrease them above 200 MeV. 

In conclusion, the ir+-D excitation function at 6 =180° measured at 

seven energies between 130 and 280 MeV shows some evidence for a structure in 

the vicinity of 250 MeV. In this energy region, pion absorbtion or dibaryon 

resonance formation added in a Faddeev type calculation can produce an enhan

cement of the backward elastic cross section. The experimental situation 

should be improved by covering a wider range of energies in the T=l channel. 

Furthermore, .data in the T=0 channel (TT~-D system) would also be useful. 

This work was supported in part by the Swiss National Science Founda

tion and the US National Science Foundation. 
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Figure captions 

Fig.l. ïï+-*D (a) and ir+-*H (b) scattering spectra measured at an incident 

. pion energy of 180 MeV and a scattering angle of 180°. Since C-D.„ 

and C,H., targets were used, a small carbon background is visible in 

the hydrogen spectrum whereas in the deuterium spectrum both carbon 

anddeuteron break-up which starts approximately at channel 240 are clearly 

seen. The spectra are not normalized to the same number of incident TT+. 

Fig.2. IT ->H elastic scattering differential cross sections at a pion scat

tering angle of 180° versus the kinetic energy in the center of mass 

system. Our results are compared with data from ref.12 and 15 extra

polated to 180°. The dashed line is a eyeball fit. 

Fig.3. if •* D elastic scattering differential cross sections at a pion scat

tering ang:.?. of 180° versus the kinetic energy in the center of mass 

system. Our data (•) are compared with the 180s results of ref .9 (A) at low

er energiesand extrapolated data of ref .7 (H) and 8 (y) at higher energies. 

In addition, the positions of the three p-p resonances of ref.I are 

shown. The curves are described in the text. 
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