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Evidence of initial state interactions in multinucleon pion absorption
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The absorption of 239 MeV positive pions dHe, *He, N, and Ar is studied. A strong enhancement is seen
in the differential cross sections in the kinematic region associated withrfigscattering. This enhancement
is interpreted as a clear signature of initial state interactions in the absorption of pions on [B@%&6-
281396)50306-7

PACS numbg(s): 25.80.Ls, 13.75.Gx, 25.18s

The study of pion absorption in nuclei remains a subjectdentification, energy resolution, and tracking capability for a
of considerable interest in medium energy physics, primarilywide dynamic range of medium-energy charged particles.
because the absorption process frequently appears to involde inclusion of endcaps allows the detector to cover over
more than two nucleons. It had long been expected that at88% of 4 solid angle. The energy threshold of the detector,
sorption on two nucleons would be the dominant process ofletermined mainly by energy losses in the carbon fiber walls
sharing the energy and momentum of the pion. Two-nucleowf the high-pressure gas target and in the MWPCs, is below
absorption has indeed been observed to be important, b@6 MeV for protons. A more complete description of the
absorption on more than two nucleons also appears to playdetector is available elsewher&0].
significant rolg[1,2]. The role of nucleon rescattering in rais-  For this paper we have focused ppp final states. In
ing the final-state particle multiplicity has been largely un-order to enhance the strength of the ISl signal in the data
derstood 3,4], but that of an initial state interactidiSI) of  sample it was required that three protons and no other ener-
the incident pion, which based on the freeN and N-N getic particles be detected, and that each of the protons have
cross sections should be a significantly larger effect, has nanore than 30 MeV kinetic energy. This largely removed re-
been established. actions in which one of the protons was a spectator or was

In a simple picture of ISI, a pion scatters off a nucleonemitted in an evaporation process. In addition, it was re-
before being absorbed on a nucleon pair, and the originallyguired that the unobserved energy be less than 50 MeV in
scattered nucleon has a correlation between its energy amader to exclude most reactions in which undetected nucle-
angle given by two-body scattering kinematics. Compared t@ns participated. This last restriction was especially impor-
scattering from a free proton, this correlation is smeared outant to enhance the visibility of the ISI signal from N and Ar.
by the Fermi motion of the nucleon. Early searches for evi- Once a sample of events was selected, the correlation be-
dence of ISI were not conclusiy&-8], but such a correla- tween energy and angle was plotted for each of the three
tion has recently been observed in absorption®éte and  detected protons. The results are shown in Fig. 1°%de,
quantitatively identified as an ISI signatui@ by compari-  “He, N, and Ar. The salient feature on the plots is the promi-
son with simulations. In this paper we extend the identificanent enhancement in the lower left hand sector, which for
tion from 3He to *He, N, and Ar for the absorption of posi- 3He has been identified as being due to the recoil proton
tive pions of 239 MeV kinetic energy. from ISI [9]. The line passing through this region indicates

The experiment was performed at the Paul Scherrer Instithe relationship between energy and angle for freke-p
tute in Villigen, Switzerland using the large acceptance descattering.
tector system(LADS). The LADS detector is a cylindrical, Because of the lack of complete models describing the
nonmagnetic detector that includes two layers of multiwirepion absorption procesggspecially for the heavier nucjeit
proportional chamber@dWPCg followed by three layers of is difficult to fully correct the data in these figures for the
plastic scintillator. These detector elements provide particleletector’s acceptance. Apart from any effects from the im-
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FIG. 1. Scatter plots of laboratory kinetic en-
b el ergy vs angle from the pion beam axis fopp
final states following the absorption of 239 MeV
«* on 3He, “He, N, and Ar. The solid line shows
the kinematics for freer " -p scattering.
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posed 30 MeV threshold, the largest missing correction is for
the geometrical acceptance of the detector. The losses are
thus small between 25° and 155°, but the acceptance falls to
zero smoothly over about 15° outside of this range. Struc-
tures visible in the figures at energies greater than 180 MeV
are largely artifacts of thresholds within the detector. For
further discussion of the acceptance and data extraction, see
[11].

Figure 2 shows distributions as a function of energy for
the data appearing in Fig. 1 between 15° and 25°. For each
nucleus, the enhancement identified as 1SI in Fig. 1 appears
in these spectra as a broad peak near the energy of the recoll
proton from freew " -p scattering, which is indicated by the
dotted line. The dashed lines on these plots are spectra of
protons resulting from simulations combining a uniform dis-
tribution over three-nucleon phase space with the detector’s
response, normalized to the data at the high-energy end of
the spectra. In these simulations, the residual nucleus mo-
mentum distribution was included by incorporating a weight-
ing factor consistent with a spectator distribution. The phase
space spectra show that these peaks are not due to the detec-
tor acceptance.

In conclusion, evidence of the existence of ISI in pion
absorption has been shown, extending its direct observation ;
from 3He to much heavier nuclei. In Reff9], it was esti- 0 ol : '5'0‘ ‘1'(')6‘1’&')'2'(')6'2‘5'0 300
mated that ISl directly accounts for about 30% of the yield Proton Energy (MeV)
from 3He when three protons share the energy of a 239 MeV
incident =*. Quantitative estimates for the heavier nuclei FIG. 2. The laboratory kinetic energy of protons with polar
require a more detailed analysis than presented here. Ho"&hgles.be.tween 15° and 25° fopp final states following the
ever, the data shown in Fig. 2 indicate that the fraction of ISlpsorption of 239 MeVir* on 2He, “He, N, and Ar. The dashed
in the ppp final state does not greatly change betwéete  curves are the results of phase-space simulations, and the dotted
and Ar. line shows the average proton energy for fre&-p scattering.
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