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IN reactions where three particles are produced,
an appreciable role can be played by the process
shown in Fig. la: particle 1 and a resonance are
produced first, after which this resonance decays
into particles 2 and 3, and particle 2 interacts with
particle 1 to produce particles 4 and 5. The dia-
gram shown in Fig. 1a has a logarithmic singular-
ity (1], The position of this logarithmic singularity
in the complex M,; plane (M,; —total energy of
the particles 4 and 5) depends on the total energy
W of the system. It can be shown that when W
satisfies the condition

(Re I* —my® — mg?) 7%—[;_"":2 + (my + m,)?
+ mg2 W22 (Rel 4 mj)?

(I —complex mass of the resonance ), the logarith-
mic singularity is close to the physical region of
the reaction and, as noted in [?%]) it can greatly
influence the spectrum of the masses 4 and 5, and
may even imitate resonances. It must be kept in
mind, however, that the diagram shown in Fig. 1a
can play an appreciable role only if the production
of particles with masses m,, m,, and mg has an
appreciable probability of proceeding via the reso-
nance I, i.e., if the block « in the diagrams of
Fig. 1 is not small.

The present note is devoted to the question of
resonances in the systems pm (A-resonance [4]),
wr (B-resonancet®€]), and T, (Ay; or Y§ reso-
nancel?-12]). We wish to call attention to the fact
that all these resonances were investigated in the
overwhelming majority of cases under conditions
when the spectra of the particles pw, ww, and Zrw
could be strongly influenced in the region of reso-
nant values of energy by logarithmic singularities
from diagrams of the type shown in Fig. la. The
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presence of these logarithmic singularities could
therefore lead to an incorrect determination of the
parameters of the resonances indicated above.

We shall henceforth denote by My (I,1,2) the
position of the logarithmic singularity of the dia-
gram of Fig. 1la in the plane of complex values of
the energy of particles 4 and 5.

1. The A-resonance was investigated in the re-
action 7% +p—p + 7* + p° at an incident r*-meson
momentum p; = 3.65 BeV/c 4], A broad resonance
was found in the pm system, with mass Mp'/r
= (1.2 -1 0.175) BeV. However, near this reso-
nance there are logarithmic singularities result-
ing from diagrams of the type of Fig. la. If we
denote by Ajgyy the pion-nucleon resonance with
isotopic spin %, and mass 1920 MeV, and by Nyss
and Nygge the pion-nucleon resonances with isotopic
spin Y%, then at p, = 3.65 BeV/c the logarithmic
singularities resulting from diagrams 1la turn out
to be located at Mpor+(Aygy, p° 7°) = (1040 —i 168)
MeV, Mpor+(Nygg, p*, 7°) = (945 — i 108) MeV, and
Mgor* (Nisis, p% m) = (904 —i 77) MeV. An impres-
sion is gained that the observed large width of the
A-resonance is in fact connected with the presence
of these singularities.

2. The B-resonance was investigated in 05,67,
Different values were obtained for the width of the
B-resonance: Myy = (1215 ~i 85) MeVE%) and Mgy
= (1220 —i 50) MeV'67. The reaction 7" +p —p
+7 +w at py = 4.0 BeV/c was investigated in (%],
where the logarithmic singularities were quite far
from the B-resonance. The reaction 7° +p —p
+ 71"+ w at py = 3.54 BeV/c was investigated in
(6], and a logarithmic singularity connected with
the resonance Aggyy Was observed near resonant
values of the energy of the wrn® system, located at
M+ (Aggops w, T°) = (1135 —i 154) MeV. It is quite
possible that this logarithmic singularity decreased
the probability of wr® production in the ~ 1150 MeV
mass region, and this has effectively led to a de-
crease in the observed resonance width.

3. The resonance Ay, was investigated by
many authors. We shall only refer here to the
papers dealing with this resonance, and indicate
the position of the corresponding logarithmic sin-
gularity:
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K-+ p—> 3= 4 aF 4 xf
pr = 1.51BeV /¢ [7], Mza(p, 2, n) = (1400 — i 56) MeV,
Mzn(Nimz, K, N) == 1400 MeV:
px = 2.24 BeV /¢ [!], Mz(pZn) = (1350 — i 13) MeV;
pr = 1.41BeV /c |°]. Msy(0Zn) = (1410 — i 70) MeV;
px = 0.76 BeV/c [10]1 Mzn(AiszoZﬂ) = (1330 + 14) MeV;
Mz (K*, N. K) = (1350 — i 120) MeV;
px = 0.85BeV /¢ [1], Mz, (K", N, K)= (1387 — i 100)MeV.

An examination of the foregoing experimental data
shows that almost in all the experiments the loga-
rithmic singularities are located near the Ay
resonance. The only exceptions are the cases with
pK = 0.76 BeV/c and 0.85 BeV/c[1%] where near
the physical region there are only logarithmic sin-
gularities on the second sheet, connected with the
reaction KN —Zn. Therefore their influence is
possibly weaker:

a4 p— 3t 4+ K0+ nF:
px = 1.89 — 2.04 BeV /c [1],
Mszn(K'2n) = (1390 — i 25) MeV:
pn= 216 — 2.24BeV /c [Y],
Ms:(K*'Zn) = (1350 — i 10) MeV.

In (1] there was observed a maximum in the =
system with mass 1400 MeV at p; = 1.89—2.04
BeV/c. When p; is increased to 2.16—2.24 BeV/c,
the maximum decreases noticeably. This may be
due to the fact that the logarithmic singularity at
pr = 1.89—2.04 BeV/c is located close to the 1400
MeV region and when p; = 2.16—2.24 BeV/c it
moves towards lower masses.

The Ay resonance was observed also in reac-
tions where four particles were produced K™ + p
—2%+ 7%+ 7t + 77 [12] at py = 1.22 BeV/c. The
logarithmic singularities may affect the Zr spec-
trum in the reactions studied in 2], owing to the
diagrams shown in Fig. 2. Of course, the influ-
ence of the logarithmic singularities should be de-
creased in this case by the fact that the energy of
the particles denoted in Fig. 2 by the indices 1, 2,
and 3, is not fixed in this experiment.

In 1400 MeV region, the Zm spectrum may be
influenced not only by the logarithmic singularities
but also by the resonance Z35(Y{) (an exception
is, of course, the =%’ spectrum). The presence
of this resonance in the logarithmic singularities
greatly complicates the interpretation of the afore-
mentioned experimental data on the 7 spectrum
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in the 1400 MeV energy region. Consequently there
are even grounds for doubting the existence of the
Ay405 resonance.

In conclusion, the authors are deeply grateful
to V. M. Shekhter for a discussion of many prob-
lems and to N. B. Borovtsyna for carrying out the
numerical calculations.

11 J. R. Aitchison, Phys. Rev. 133, B1257
(1964).

2B. N. Vavilov, JINR Preprint E-1581 (1964).

3y. V. Anisovich and L. G. Dakhno, JETP 46,
1152 (1964), Soviet Phys. JETP 19, 779 (1964).

4Goldha.ber, Brown, Goldhaber, Kadyk, Shen,
and Trilling, Preprint UCRL-11183, (1964).

51. Bondaret et al, Phys. Lett. 5, 209 (1963).

8 Abolins, Lander, Mehlhop, Xuong, and Yager,
Phys. Rev. Lett. 11, 381 (1963).

TAlston, Alvarez, Ferro-Luzzi, Rosenfeld,
Ticho, and Wojcicki, Proc. of the Intern. Conf.
on High Energy Phys. in Geneva, (1962), CERN,
p. 311.

81,. Bertanza et al, Proc. of the Intern. Conf.
on High Energy Phys. in Geneva, (1962), CERN,
p- 279.

9W. A. Cooper et al, Proc. of the Intern. Conf.
on High Energy Phys. in Geneva (1962), p. 298.

10 Bastien, Ferro-Luzzi, and Rosenfeld, Phys.
Rev. Lett. 6, 702 (1961).

11 Alexander, Jakobs, Kolbfleisch, Miller, Smith,
and Schwartz, Proc. of the Intern. Conf. on High
Energy Phys. in Geneva (1962), CERN, p. 320.

2 Ferro-Luzzi, Tripp, and Watson, Phys. Rev.
Lett. 8, 28 (1962).

Translated by J. G. Adashko
109



