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Abstract

Integral cross sections for the elastic scattering of JT+ on p from "20° and 30° to
180° were measured at seven energies between 52 and 126 MeV. These integrals
are found to be in good agreement with predictions made with currently accepted
phase shifts.
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There has been recently a renewed interest in the interaction of low energy pions

with nucleons. This is partly due to the fact that although these interactions are the

basic building blocks of the pion-nucleus interaction, the various data sets and phase

shift analyses available to date are not fully consistent [1-8]. Another reason is that

there are quantities of interest derived from n -N phase shifts at low energies, such

as the a term [9,10]. This term measures chiral symmetry breaking in QCD, and the

recent value of a — 60 ± 8 MeV extracted [11] from low energy IT -nucleon data could

be interpreted as a signature of a large strange quark content of the nucleon. It is thus

important to have additional experimental results to check the low energy 7r -nucleon

data base.

In the present Letter we report new measurements on 7r+p scattering between 51.5

and 125.9 MeV carried out at TRIUMF. The experimental technique used is a vari-

ant of the transmission method adapted for the 7r+p case at low energies where the

angular distribution of the pions is peaked at the backward hemisphere. Figure 1

shows schematically the experimental set up. The pion beam was defined by a coinci-

dence between three beam-defining scintillation detectors Bi, B2 and B3 together with

a tinif-of- flight gate to discriminate against muons. The diameter of these detectors

was 3.2 cm for B, and B2 and 2.7 cm for B3. The B,-B2 distance was 100 cm, the

B2-B3 distance was 25 cm and B3 was 1 cm up-stream of the target. The trasmission

of pions through the target was measured using two transmission counters Si and S2,

20.3 cm in diameter, operated in coincidence. Si was 1/4" or 1/2" thick and S2 was

1/8" thick. The efficiency detector E monitored online the overall efficiency of the

system [see equ.(4),(5) of ref. 12], that was typically 99.8%. The B3 detector in the

present work replace! the veto counter in front of the target that was used in earlier



measurements with the same set up [12]. This was necessary because most of the 7r+

scattered by the proton are in the backward direction and would therefore veto valid

transmission- loss events. In fact this angular distribution that is characteristic of the

ir+ proton elastic scattering at low energies is the basis of the present experiment. At

low energies the cross section for n* not to be counted by the transmission detectors

is given by

The present method is to measure this integral by the beam attenuation technique.

The value of this integral can be calculated from different phase-shift analyses. It

should be emphasized that contrary to conventional transmission experiments [12-14]

no extrapolations to zero solid angle are involved here and the required quantity (a

"partial total" cross section) is measured directly.

Since absolute values of cross-sections are the essence of this experiment, it was

decided to use solid targets of CHj and C and to obtain the required TT+ proton cross-

section from the difference. This was considered preferable to the use of a liquid

hydiogen target where the systematic errors are harder to control. Polyethylene and

graphite targets 0.711 and 0.842 gr/cm2 thick, respectively, were used. The thicknesses

were matched to cause the same energy losses for pions in the two targets. The uni-

formity of the targets was better than ±0.1% and the chemical purity was checked not

only by conventional chemical methods but also by x-ray fluorescence and neutron-

activation techniques. The impurity level was less than 0.1% in the number of atoms,

a value that contributes very little to the systematic errors. Typical values of the at-

tenuation cross-section for 66 MeV TT+ on CH2 and C at 30° laboratory angle are 285



and 245 mb, respectively. Therefore, these two cross-sections must be measured to a

statistical accuracy of better than 1% if the TT+ proton cross-section is to be measured

to better than 10%.

The experiment was performed on the Mil pion channel at TRIUMF. As a first

step long sequences of measurements were made for CH2 and C targets to establish the

stability of the system and the scatter of results. It was found that these cross-sections

were reproducible to within 0.5% when the counting statistics led to an error of that

level. An additional pair of targets of about half of the above thickness was tested

too in order to eliminate systematic errors due to that source. The thickness of the Si

counter was changed by a factor of 2 to make sure that there were no effects due to

reactions in the Si counter.

An experimental problem that is peculiar to the 7r+p scattering is that of protons

recoiling into the transmission counters. Recoil protons that reach the S1S2 counters

are associated with backward going pions that form part of the transmission loss. When

these protons are detected they cause a systematic error and it was necessary to stop

the protons before S2 to prevent this error. This was achieved by inserting aluminum

plates between Si and S2 and the ir+p cross section was measured as a function of

the thickness of the Al plates and found to agree with calculations. Moreover, the

measured 7r+p cross-section vs. that thickness reached a plateau, and the TT+ carbon

cross-section was then found to be independent of the thickness of the Al plates. This

technique was required only at the three higher energies. Measurements were made at

an event rate of between 1.2 x 104 and 2.5xlO4 sec"1 and the results were independent

of the rate. Corrections due to muon contaminations were of the order of 1% thanks

to the efficient collimation by the B detectors and due to the S detectors angle being



larger than that of the union cone. More details of the experiment, the checks and the

method of analysis will be published elsewhere.

Table 1 summarizes the experimental results. The cross sections were obtained

from the measured transmissions after applying several small corrections such as due

to residual muon contamination of the pion beam or target non-uniformity. The quoted

errors are dominated by the counting statistics and by ±0.5 MeV uncertainty in beam

energy. The errors in the beam energy were converted into uncertainties in cross-section

and added in quadrature to those due to the counting statistics. The combined errors

are quoted in the Table. Additional systematic errors due to impurities and residual

back-scattering effects amount to about 2-3%. Also given in the Table are calculated

values based on three sets of phase-shifts [6,7,15]. These integral cross-sections are

obtained by integrations of calculated differential cross-sections over the solid angle

complementary to that of the detector. Note that Coulomb effects are included in the

differential cross-sections so that, integrating these for sufficiently small detector angles

does not lead to the total cross-sections as quoted for the respective phase-shift analysis.

Moreover, care should be taken in calculating these integrals by distinguishing between

nuclear and hadronic phases [7]. Figure 2 shows the experimental results and calculated

values for the WIS7 and KA85 phase-shifts throughout the energy range. One notes

that below 90 MeV there is excellent agreement between the different calculations and

experiment whereas near 120 MeV the KA85 results are closer to the data than the

other calculations. Thus it seems that the KA85 phase shifts are better than the other

two sets in reproducing the variation with energy of the integral cross sections measured

in the present work. We do not substantiate the claim [1,2] that there is a problem

with the phase shift analysis.
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lab.
energy
(MeV)

51.5
62.6
66.8
70.9
91.7

121.9
125.9

present
lab.

experiment
13.7(0.
18.0(0.
20.8(0.
23.8(0.
43.4(1.
97.2(2.

101.3(2.

5)
6)
5)
4)
5)
1)
3)

T a b l e 1

Integrated cross-sections (mb)

angle;30°
calculation

(a)
13.1
18.4
20.8
23.5
42.1
89.9
98.1

(b)
12.6
19.0
21.4
24.4
42.0
90.9

100.7

lab.
present

(c) experiment
13.2
18.9
20.9
23.9
42.8
94.3

104.7

21.8(0.5)
24.0(0.4)
45.2(1.2)

102.5(2.0)
111.4(2.3)

angle 20°
calculation

(a)

21.1
23.9
43.6
95.6

104.7

(b)

21.7
24.9
43.6
96.9

107.7

(c)

21.3
24.4
44.4

100.4
112.0

The quoted errors are the sum of those resulting from the counting statistics and errors

due to uncertainties in beam energy added in quadrature. Additional systematic errors

are2-3'X.

(a) calculated from phase-shifts of ref.[6], (WIS7).

(b) calculated from phase-shifts of ref.[7], (KH80).

(c) calculated from phase-shifts of ref.[15], (KA85).



Figure Captions

Fig. 1 The lay out of the experimental set up. A removable Al absorber is indicated

* bya dashed line.

Fig. 2 Comparisons between experimental results and calculations based on the

WI87 (ref. 6) phase shifts (continuous curve) and the KA85 (ref. 15) phase

shifts (dashed curve). Errors as in Table 1.
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