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INVESTIGATION OF ANOMALOUS PION PRODUCTION
IN THE REACTION Cu(p, n*)X BY 350 MeV PROTONS

Yu.K. Akimov, M.1.Gostkin, I.1.Haysak, S.I.Merslyakov,
A.G.Molokanov, K.0.Oganesyan, E. A.Pasyuk, S.Yu .Porokhovoy

The narrow structure in the energy dependence of the charged pion
yields generated by protons on the copper nucleus at 90° in the labora-
tory frame was investigated. A new upper limit of the structure width
(FWHM) ATP<5 MeV in the incident proton energy is obtained.
For the first time the manifestation of the structure is observed at
115 and 125° angles in the laboratory frame on the same nucleus.
- The investigation has been performed at the Laboratory of Nuclear
Problems, JINR.

Hccnenosanne aHOMaJIbHOr O pOXK/IEHUA THOHOB
B peakuun Cu(p, n*) X npu 3Heprum npotoHos 350 MaB

10.K.AxuMoB ¥ ap.

Honreepxneno HanuuHe Y3KO# CIPyKTypbl B JHEpreTHYecKoi 3a-
BHCHMOCTH BBIXO[2 33PAKCHHBIX MHOHOB, FEHEPHPOBAHHBIX MPOTOHA-
MH Ha sape nox yriom 90° B naboparopHoit cucreme. Hamygexa Ho-
BafA BEPXHAA rPAHHNA LIMPHHBI CTPYKTyphl AT, <5 MaB no smeprum
nafaloimero npotToHa. Brnepebie Ha6moneuo ApOABIIEHHE ITOM XKe CTPYK-
Typel mop yrmamu 115 um 125° B naboparopHOH CHCTEME Ha TOM Xe
Anpe.

Pa6ora Bbmonmnena B JlaGoparopun snepHbix nmpoGnem OUAM.

In recent years the investigations of inelastic channels of inter-
mediate energy proton interactions (energies of the operating meson
physics facilities) with nucleons and nuclei have aroused greater inte-
rest. For proton-nucleus interaction this energy region is of special
interest, since collective phenomena, for example, formation of bound
states of the isobar in the nucleus or dibaryonic states, can manifest
themselves here.

At the end of the 70s in the Laboratory of Nuclear Problems
(JINR, Dubna) collaborating with INR (Moscow) the investigation of
m-meson production process in proton-nucleus interactions began’!’.
Observation of anomaly in the energy dependence of charged pions
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yield at 90° in collision of protons and copper nuclei’?’ was one of

the interesting results. The anomaly consisted in dramatic changes in
the shape of the inclusive spectrum of generated pions through enrich-
ment of the low energy part of the spectrum at the incident proton
energy 350 MeV. In 1984 similar measurements in the experiment
at the Saturne accelerator (Saclay) confirmed the existence of the
narrow structure in incident proton energy’® ‘.

For explanation of the observed anomaly the dibaryonic inter-
pretation seems very attractive. This mechanism was qualitatively consi-
dered in papers’2”%’/. There is another explanation based on the as-
sumption that creation of the bound delta-isobar in a nucleus causes
additional low energy pions’¢’. To clear up the nature of the obser-
ved effect, it is necessary to continue experimental investigations.

In 1987 new experiments began at the phasotron of LNP (Dubna).
Here we report the first results.

The experimental setup’’’ consisted of a time-of-flight (TOF)
spectrometer and a scintillation total absorption spectrometer. TOF,
total energy and energy losses in TOF-system scintillation counters
allow quite reliable identification of the type of outgoing charged
particles (pions, protons, deuterons, ...) and determination of their
initial energy. The energy threshold value for the registration of pions
was 20 MeV. The proton beam was characterised by the energy spread
AT/T=0.5—1.0%, the intensity J=10° —10° s ', the possibility
of continuous variation of the proton energy from 50 to 650 MeV.
For accurate determination of the proton beam energy and the energy
spread another TOF-system with the intrinsic energy-resolution ~ 180 ps
was used. The TOF-system allowed us to control the beam energy
characteristics and to optimise its resolution.

Double differential cross sections of charged pion production on
the copper nucleus were measured at the angles of 90,115 and 125°. At each
angle the measurement was performed for six-eight proton energies
(326, 344, 348, 352, 353, 361, 369 and 409 MeV). Particular atten-
tion was given to the measurement in the energy region corresponding
to the earlier observed anomaly. :

The spectrum shape parameter of the generated pions is shown
in Fig. 1 as a function of the incident proton energy. The parameter
of spectrum shape is the yield ratio of lower energy pions to higher
energy pions. In Fig. 1 the yield ratios of 20-60 MeV pions to 60 —
100 MeV ones are presented. A distinct anomaly is observed near T =
= 350 MeV confirming the eatlier noticed phenomenon’!: /. From the
presented results one can see that the structure width is <5 MeV.

To interpret this structure it is important to investigate its mani-
festations at angles other than 90°. Fig. 2 shows the results of the si-
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Fig. 1. Yield ratios of low energy pions Fig. 2. The same as in fig. 1 for the

(20 — 60 MeV) to high energy pions(60— angles 115 and 125°. The solid lines

100 MeV )'versus the incident proton ener- are to guide the eye.

& for the angle 90° in the laboratory fra-

me. The solid line fits all points except milar measurements at 115° and

that at Tp =348 MeV by a power func- 125°. As is seen the resonance-

tion. like structure takes place at
these angles too, though lower
statistics.

The main feature of observed effect is its narrowness in energy
of incident protons. This fact allows the assumption that the effect is
related to the interaction of incident protons with the whole nucleus
or with its part. In the case of nucleon-nucleon interaction the momen-
tum distribution of bound nucleons must lead to a structure width
much larger than 5 MeV. If the momentum of the incident proton
is transferred to the whole nucleus, the incident energy 350 MeV cor-
responds to the threshold production of the dibaryon with the mass
2220 MeV. If a 350 MeV proton interacts with a single nucleon at rest,
it corresponds to the dibaryon mass 2040 MeV. The maximum pion
energy from the decay of this state is 25 MeV. So it is difficult to obser-
ve the contribution of the pions to the spectrum when the setup has
the 20 MeV cut of pion energy.

The main argument in favour of the dibaryonic interpretation
of the anomaly in question is its narrowness. It is necessary to search
for it in all possible experiments. Since the dibaryonic effect is expected
to be small, it is important to choose the optimum processes and kine-
matic conditions.
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The process selected in this way has some advantages. One of them
is caused by the predicted vanishing of the dibaryon resonance elasti-
city’/®r ?/, which makes it preferable to search for their signal in the
inelastic process of pion production. Another important factor is the
use of the nuclear process. The nucleus can serve as a kind of filter
to separate definite channels, dibaryonic in our case, and to suppress
other ones.

To understand this interesting phenomenon new experiments
are necessary for other nuclei, for generated pions of different sign.
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