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Search for a narrow resonance structure in pion production fromp+Cu near 350 MeV
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The excitation function of positive pions produced at 90° by protons on Copper has been studied to get
information on the long-standing problem of the existence of a narrow resonance near 350 MeV incident
energy. Momentum spectra af™ were measured by the CLAMSUD magnetic spectrometer. A narrow
resonance has been indeed observed, in agreement with previous results obtained in different laboratories
during the past year$S0556-28137)50108-7

PACS numbds): 25.40.Qa, 25.40.Ny

After the first experiment made by Krasnet/al.[1], who  nuclei to low-energy pion§7] or of the existence of bound
observed at the JINR synchrocyclotron an enhancement dfvo-pion Cooper pairs in nucléB].
the =" yield at 350 MeV, different investigations of the Due to the interest related to these different possibilities,
proton inducedr™ production on Copper have been carried more experimental work is needed in order to get an unam-
out over the past decade in order to confirm or reject thabiguous evidence for such a process and, possibly, to study it
result [2—4]. Julien et al. [2] measured at Saturne energy under different conditioné&different targets, angles, and pion
spectra ofr™ with a range telescope in steps of 12 MeV charge states, . ). To reach all these goals the experiment
around 350 MeV, confirming the existence of a narrow strucshould provide very careful tuning of the incident proton
ture for low-energy pions. Another experiment by the sameenergy and precise measurements of pion spectra down to
group [3] reported an enhancement of 5% near 350 MeVlow energies.
with a FWHM around 5 MeV. A search was also done using The present paper reports new results on this problem,
the reaction C(p,#°) [3], but no definite evidence was found obtained within a research program on pion production in
for any structure around 350 MeV. Additional experimentsproton-nucleus reactions.
performed at Dubng4] have observed an enhanced yield of The experiment was carried out at the proton linear accel-
low-energy (20—-60 Me\j to high-energy(60—100 MeVf  erator of the Moscow Meson Factory. A special experimental
7’s at angles of 90°, 115°, and 125°, and a spin-parityarea near the end of the linac was built to transport the main
assignmen™=2" was extracted5]. proton beam at a reduced intensity, downstream to a shielded

A more recent experimen6], performed at TRIUMF, Faraday cup. The beam spot on the target had a diameter of
searched for an enhancement of 40 MeV charged pions t8 mm. The time structure of the beam had 65 macro-
100 MeV charged pions using a magnetic spectrometer anplulses with a repetition rate of 50 Hz. The duty factor was
only an upper limit of 2.7% forr* and 9.1% form~ was set.  only 0.3%. For such reason the average beam current was
Even if this experiment did not give a convincing evidencereduced to about 100 pA, in order to keep the background as
for the existence of the resonance under discussion, somew as possible. The beam energy was varied with about 2
structure was anyhow observed close to 350 MeV. MeV steps by means of a special tuning procedure of the

Several origins have been proposed for such a resonand@mac. A time-of-flight measurement with two detectors
The first proposed explanation was related to the possiblplaced along the linac channel was carried out to get the
excitation of the®F5 dibaryon statéM =2220 Me\) almost  absolute value of the beam energy. This gave a precision of
at rest, with subsequent three body deeay+ p+n [1]. It less than 1 MeV, whereas the energy spread was estimated to
was also suggested that the enhanced production of lowse about+1 MeV.
energy pions near 350 MeV could be due to the formation of Several checks were made concerning the beam position
a resonant nuclear state near 350 MeV excitation energy withn the target. A luminiscent foil inserted at the target posi-
a small width, which decays predominantly by emission oftion allowed one to observe the beam spot by a TV camera
two pions. This interpretation was based on the experimentdiefore and after data taking at each proton energy. During
observation that the anomaly was seen only for pion energiedata taking the beam transmission was monitored by the neu-
below about 70 MeV, together with the fact that in such atron background along the proton channel and near the mag-
process on a heavy nucleus, the maximum energy of a pionetic spectrometer. Correction methods were used during
would be 350 MeV-2 m,=70 MeV. Alternative possibili- off-line data analysis according to the following procedure.
ties were discussed in terms of an apparent transparency dhe beam flux was monitored by a Faraday ¢&pinserted
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A vacuum chamber with a large Mylar window was used
to insert and rotate targets. A Cu target with a thickness of
134 mg/cnd was used, tilted by 45° with respect to the beam
direction. Charged pions were detected by the CLAMSUD
magnetic spectromet§®,10]. This is a compact dipole mag-
net with nonparallel polegsee Fig. ], installed on a plat-
form which allowed detection angles from 32° to 150° with
respect to the beam direction. The momentum range of de-
tected pions extends up to about 250 MeVThe solid angle
i of the spectrometer was about 12 msr. A hodoscope of four
sC plastic scintillators was used at the entrance of the spectrom-
eter as a start detector. The focal plane detector of the
CLAMSUD spectrometer was equipped with two planes of
segmented plastic scintillatoffor time of flight (TOF) and
FIG. 1. Sketch of the magnetic spectrometer CLAMSUD, whichenergy loss(AE) measurementsand two multiwire drift
has been used in the present experiment to detect protons amthambers wittK- andY-coordinate information. The particle
charged pions. A: Start Detector. B,C: Two planes of plastic scinmomentum was determined from tbe coordinates in the
tillators for AE and TOF measurements. MWMW,: Two sets of  two chambers by single wire readout, with a resolution of
multiwire X-Y drift chambers. SC: Scattering Chamber. about 300um. The overall energy resolution of the detector
setup was about 0.2%. The main trigger was generated se-
at the end of the beam line and by a counter teles¢dpeof  lecting only the coincidences between the start detectors and
three scintillation detectors placed at 90° with respect to thghe two segmented planes of scintillators which can be origi-
beam directiorfon the opposite side of the CLAMSUD spec- nated from the physical tracks of the particles.
trometey, and looking at the target. A four-elements hodo- Charged pions were identified by their TOF and.
scope(A) of plastic scintillators was used at the entrance side_ow-energy protons were also detected for the highest mag-
of the spectrometer. This detector is also used to provide getic field settings, but they were easily discriminated against
start signal for the time-of-flight measurement of the par-pions, due to their larger TOF. Due to the compactness of the
ticles entering the spectrometer. The information from detecCLAMSUD spectrometer, pion flight paths are limited to
torsM andA, together with that from the Faraday cup)(  about 2 m, causing approximately only 20% of pion decay in
was stored on tape buffer by buffer. Each buffer containedlight for 60 MeV pions. All cross sections reported here
approximately 30 events, and was filled in about one seconthave been corrected for the in-flight decay. Off line, radial
All these informations collected along each run were used tand axial angles of the particles, as determined fdorand
check the beam quality as a function of the time. As any coordinates in the two chambers, were used, together with
example, the distributions of the quantitiééM and F/M the relevant TOF information, to eliminate muons coming
were extracted during each run and it was found that thesfom pion decay, following GEANT simulation$].
distributions are Gaussian with a narrow width, reflecting the Measurements ofr* from p+Cu reactions were done at
degree of stability of the beam position on the target. Thed0° in the lab system, for several proton energies, from 340
results were studied without any condition on th&g® and  MeV to 364 MeV in small(about 2 MeV energy steps. For
F/M ratios, and also by excluding those events for whicheach energy the pion momentum spectrum was measured up
A/M (or F/M) lie outside one or two standard deviations to the maximum momentum which can be reached by the
from the mean value. It was found that the results were th€ LAMSUD spectrometer. Figure 2 shows the double differ-
same within statistical errors. ential absolute cross section af" at four incident proton
energies. Spectra were measured also at several other ener-
10— e T gies, but they are not reported here to improve the clearness
1 of the figure. A maximum near a pion energy of 40 MeV is
C 1 observed at all incident energies, with a different behavior at
ey 348 MeV, as compared to lower and higher incident ener-
350 MeV i gies_
o . " g oMY 1 Error bars are not shown in Fig. 2 to make the figure more
1 clear. They are about 2% on the top of the spectra and reach
° - i 3-4% on the low- and high-energy tails of the spectra. Ap-
B o ¥ mg 7 proximately, 15 000 pions were collected for each spectrum.
R o % B ] Several methods of analysis have been used in past ex-
periments to get evidence of such resonance effect. Since
such effect was mainly observed as an enhancement of low-
energy pions, a preliminary analysis of the measured spectra
‘ TR has been carried out here by looking at the ratio of low-
25 50 75 100 125 . . . .
T, (MeV) energy to high-energy pions. Pion spectra at I_ow and high
bombarding energy are expected to have a different slope,
FIG. 2. Double differential=* production cross section versus due to the influence of phase space, which results in a larger
pion kinetic energy for different proton energies. yield of pions of higher energy when the bombarding energy
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incident proton energy, measured ,=90° in thep+Cu reac- FIG. 4. Distribution of the quantityR=o(75-97 MeW/a(97—

tion. (a) The integrated cross section between 30 and 60 MeV wag20 MeV) as simulated in a series of Monte Carlo generated energy
divided by the corresponding value obtained for the region betweegpectra containing the same number of pions actually measured at
75 and 120 MeV.(b) The low- (75-97 MeV and high-energy 356 MeV. Comparable results were also obtained from simulations
(97-120 MeV sides of the same portion of spectrifixed field of  carried out by the use of the spectra measured at 344, 346, 347, and
the spectrometgrvere considered to build up the ratio as a function 354 pMev (see text The arrow shows the value which was ex-

of the incident energysee text tracted from the spectrum at 350 MeV.

is raised. The ratio of low-energy to high-energy pions in a It is of course important for a critical experiment like that
spectrum is then expected from simple considerations to varglescribed in this paper, to check the reproducibility of the
monotonically with the bombarding energy. While the abso-esults. The data for this experiment were actually taken dur-
lute value of this quantity depends on the particular choice ofng three different periods, several months apart. Full mea-
the energy regions, this regular trend is indeed observed igurements of pion spectra between 15 and 120 Netield
all measurements of pion energy spectra. As an exampl&gttings of the spectromejenere obtained in the first two
Julien etal. [3] extracted a ratioR=0(20-50 MeV}/  experimental runs. Data from these runs are reported in Fig.
o(75-100 MeV which goes from about 1.0 at 310 MeV to 3(a). The points at 356 MeV and 364 MeV are from the first
about 0.5 at 425 MeV. For this reason, most of the experirun, the point at 340 MeV from the third run, all the other
ments concerned with the study of this resonance havpoints belonging to the second run. Several points were mea-
searched for deviations from this regular trend near 35G&ured twice for comparison. In the third run, two field set-
MeV. tings of the spectrometer were used, to cover the pion energy
Figure 3a) shows for the present experiment the ratioranges 35—-60 MeV and 75-120 MeV, and a smaller energy
between the integrated cross sections in two different regionstep(1 MeV) was chosen around the resonance. Part of these
of the spectrum, namely 30—-60 MeV and 75-120 MeV, as alata, which are independent of the previous ones, are re-
function of the bombarding energy. A clear structure is seemorted in Fig. 8b). For some of the points it was also pos-
at energy around 350 MeV, with a very narrow width, which sible to make a direct comparison to the corresponding data
can be estimated in the order of 5 MeV. The statistical erromeasured in a different period, and a good agreement was
bars for this set of data are in the order of 3—4% and usuallyound. For the data reported in Fig(b3 an increase of the
of the order of the size of the points, except at 340 MeVcross-section ratio is also observed at 348 MeV with a lower
where the error bar is larger. The deviation of the measuredalue at 349 MeV; however it should be remembered that the
yields from the average regular behavior is in the order obeam energy in this experiment is only known to a precision
25%. Since each spectrum is obtained by a superposition af about 1 MeV, which can explain this behavior. Also the
different (five) field settings of the spectrometer, systematicdata reported in Fig.(®) show an enhancement of the cross
errors due to relative normalization could be a source obection near 350 MeV which is outside the statistical fluc-
problems within each spectrum. To exclude this possibleuations; if we compare the value Bfobtained at 350 MeV
source of errors, the ratio between the low-energy and th€.76+0.13 with values outside the resonander instance
high-energy parts of a portion of spectrum, measured at @+0.08), a difference around 5 standard deviations is ex-
given field setting, was studied as a function of the bombardtracted. To make a more quantitative significance test, the
ing energy. This spectrum is obtained for a region of pionfollowing procedure was adoptdd1]. An energy spectrum
momentum of approximately:15% with respect to the cen- of pions was simulated by a Monte Carlo procedure, accord-
tral momentum. This corresponds to a constant efficiency amg to the shape observed at 356 MeV, i.e., outside the reso-
a function of the momentum. Also in this case a bump wasance; this spectrum contained the same number of pions as
observed, consistent with that extracted from the analysis aheasured in the experimefabout 15 00D For this spec-
the overall shape of the spectrum. As an example, Hig. 3 trum the ratio between the integrated cross section in the two
shows the result for the ratio between the cross section in theegions 75—-97 MeV and 97-120 MeV was evaluated, as in
region 75—97 MeV and that in the region 97-120 MeV, Fig. 3(b). This procedure was repeated several times, in order
extracted from a single field setting. to get the distribution of this quantity. The result is reported
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in Fig. 4; according to this distribution, the probability to obtained in all cases. Even for the spectrum at 344 MeV,
obtain a value ofR around 2.4 is only 0.13%, and corre- which has the larger value & (2.18 among these spectra,
spondingly smaller for larger values BY. this probability is smaller than 0.001%. These confidence
The idea behind the statistical test applied to the data walimits are clearly the result of the high statistics which was
to check whether a large deviation Bffrom the expected used in the present experiment.
value could come from fluctuations compatible with the In conclusion, the already observed structure is thus con-
shape of the spectra. In order to be of some significancdirmed and an estimation of the width of this reasonance
however, an input spectrum at energies not too far from thgjives a value which is comparable to that estimated before
resonance must be chosen. If a very low bombarding energys]. Further work is presently in progress to analyze all the
is chosen(for instance 340 MeV or lower, as in previous data in more detail with several methods of analysis.
experimenty the ratio R under investigation will have a
value even larger than that observed near 350 MeV, but this
only reflects the regular change of the shape of the spectrum. The authors would like to express their acknowledgments
What is then important is that this ratio is found significantlyto Dr. L. Kravchuk and to the staff of the Moscow Meson
higher than the surrounding points. The same analysis apg~actory(MMF) accelerator for the efforts spent in providing
plied to the spectrum at 356 MeV was then carried out alsdhe experiment with a good quality beam. The experiments
for the spectra measured at 344, 346, 347, and 354 iley  with CLAMSUD at the MMF would not have been feasible
at energies which lie at least3 MeV outside the expected without the continuous work of F. Librizzi, D. Nicotra, and
resonancke For these spectra the average value of the Ritio A. Santoro of the INFN technical staff. The experiment was
was found to be 2.06. A negligibly small probability to get a supported in part by the RFFI, Grant No. 94-02-03516, and
value of R as high as 2.76as measured at 350 Mg¢Was  Soros Foundation, Grant No. J9Q100.
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