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318 MATTS ROOS
Tanre IIb. Mesonic Resonant States, March 1963.
e = Production Decay
z & & 3._"5. Mass Full Life- =l
g g g g F S width I' |time I-* Lra Modes Branching Q
7 D .;91 & Ad (MeV) (m.) (MeV) {(1/m,2) | Process | {(McV) ratio (%) (MeV) References
K? -1 »% 1 1630 £ 100] 11.7 =p | 3534 (Kxm)- 470 55
(Kfpg"' < 100"
(&)~ 225
otherg
3 + 1 same, charge - same 55
X ° 0 (1340707 9.6 Py 2287 (o) 200 55
xn (\$}°.) z others
! Xs ° 0 1127525 9.1 xp 2125 KR 279 24
KK~ 287 i
k N (\2%o) &+ 1 1260 9.0 =N K(nz) 55
§, (o) / of o la ++| o [1253220] 0.0 [100%50]| 1.2 | = | 2070 ot 100 o0 | 33
bie4 - g 1 {11504 50| 8.2 wp. | 2250 Kowrat 373 5
@51 K *'* 1 Kora= a3 55
X = 1 0 11050 7.8 P 1620 7w atn 496 51
‘ §° l X ° 0 1040 7.4 wtr(an) 481401 | 53
* o1 0 |even *+| 0 {1040 40| 7.4 - 1780 KK 44 58 i
'Q\ (3 &&‘) - ? even nuxm!')er s
K 0 0 Jlodd ~~| 0 [102 7.3 <3 >471 | K- 1760 KIK3 24 59
* (\0103 P odd nu;nber L6
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neutraly
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Ko 07
K + 1 (Km)+ 92-101 | 50,56
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E s o 0 e a5 | 43
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TanLe IIb. Mesonic Resonant States, March 1963. (Continued)
—_ . B Production Decay
2 & & »E Mass Tull Life- | '
§. 3 g £ 5% 8 width I {time I Kres Modes Branching Q
B &) 4 S &S (MeY) {me=) (MeV) {(1/m,s) | Process (MeV) ratio (%) (MeV) References
7 0 0 - + 0 [648.5 =06 3.93 <7 »20 xp 685 wiggd 25 £ 10 135 46
atey 742 270
;3}; 144
414
o 68 =10 519
others
2 ¢ 0 0 520 4- 20 3.7 70 30 2.0 =P 639 ata 240 47 .
Vs -~ 2 o | 440 3.1 ap 735 I 100 0o |52
¥a 0 0 | 420440 | 3.1 515 Tt 160 A2
$2 + 0 | 440 3.1 975 atrt 100 160 &
o1 ¢ 0 0 395+ 10| 2.8 50 4= 20 2.8 P 446 wta— 115 47
. P
' - 2 Y 330 2.4 P 557 wET 100 50 32
1 e 0 330 2.4 346 ¥ 50 32
¥ +H 0 330 2.4 790 =gt 100 50 a2
wang of 0 0 | 3176 2.3 <16 >0 pd | e 48 )

and DuMond, Nuovo Cimento 5, 541 (1957) and Fundamental
fgg;t)ants of Physics (Interscience Publishers, Inc., New York,

8. The neutron mean life is based on the value 11.7 £+ 0.3
min for the half life, by A. N. Sosnovskij, P. E. Spivak, Y. A.
Prokoviev, I. E. Kutikov, and Y. P. Dobrynin, Nucl. Phys.
10, 395 (1959).

9. m{K*}is from the compilation of E. O. Okonov, Fortschr.
Physik 8, 42 (1960), who also gives the K~ mass as 493.9
+ 0.4 MeV.

7(K*) is a weighted average of the following results in
10-8sec: 1.224 + 0.013, compilation of Barkas & Rosenfeld (cf.
reference 3), 1.231 + 0.011, A, M. Boyarski, B. C. Loh, L.
Q. Niemela, D. M. Ritson, R. Weinstein and S. Ozaki, Phys.
Rev. 128, 2398 (1962).

The K+ branching ratios are from B. P. Roe, D. Sinclair, J.
L. Brown, D. A. Glaser, J. A. Kadyk, and G. H. Trilling, Phys.
Rev. Letters 7, 346 (1961); and G. Giacomelli, D. Monti, G.
Quareni, A. Quareni-Vignudelli, W. Piischel, and J. Tietge,
Phys. Letters 3, 346 (1963). Note that these Branching ratios
(except for 7) disagree with the weighted averages obtained
from emulsion experiments, as quoted by Crawford (cf.
reference 6):

p2 =574 + 2.0,

72 =256 + 1.5,
W+ e+ =110 %10,
r= 857 +02

(1‘182.).]. Button and B. C. Maglic, Phys. Rev. 127, 1207
0962).

11, m(K0) is from A. H. Rosenfeld, . T Solmitz and R. D.
Tripp, l’l}ys. Rev. Letters 2, 110 (1959). u(K9) is from E. O.
Okonov, J. Exptl. Theoret. Phys. (U.8.8.R.) 42, 1554 (1962).

7(KY) is a weighted avernge, based on the following recent
results only (in 107%ec), all quoted by Crawford (ef. reference
6):

0.94 4 0.05, Crawford et al. (cf. below),

0.90 4 0.05, A. F. Garfinkel, Report Nevis 104 (1962).
l[fr}l:c(sii)s,] Columbia University, Physics Department (unpub-
ished).

0.885 + 0.025, R. L. Golden, G. Alexander, J. A. Anderson,
¥'. 8. and B. B. Crawford, L. J. Lioyd, G. W. Meisner, and
1. Price éto be published).

The K — %9 branching ratio is a weighted average of the
following resulis in percent:

28.5 + 3.6 by F. S. Crawford, M. Cresti, R. Douglass, M.
Good, G. Kalbfleisch, M. L. Stevenson, and H. Ticho, Phys.
Rev. Letters 2, 266 (1959),

29.4 #+ 2.1, M. Chretien, V. Fisher, H. R. Crouch, R. E.
Lanou, J. T. Massimo, A. M. Shapiro, J. P. Averell, A. E.
Brenner, D. R. Firth, L. G. Hyman, M. E. Law, R. H. Mil-
burn, E. E. Ronat, K. Strauch, J. C. Street, J. J. Szymanski,
L. Guerriero, 1. A. Pless, L. Roesenson, and G. A. Saladin (to
be published), quoted by Crawford (cf. reference 6),

33.5 & 1.4, J. L. Brown, J. A. Kadyk, G. H. Trilling, B. P.
Roe, D. Sinclair, and J. C. Vander Welde, Phys. Rev. (to be
published) , :

26.0 1 2.4, Anderson e al. (cf. reference 6), .

29 + 3, weighted average of earlier results, reported at the
1960 Rochester Conference.

01?. 7(KJ) is a weighted average of the following results in
107 8zec

6.8 (+4+2.6/—1.5), Crawford (cf. reference 6),

8.1 (+3.3/—2.4), M. Bardon, K. Lande, L. M. Lederman,
and W. Chinowsky, Ann. Phys. 5, 166 (1958).

5.1 (+2.4/~1.3), 8. E. Darmon, A. Rousset and W. Six,
ths. Letters 3, 57 (1962).

‘] {1@ branching ratios have been obtained from the following
results:

_ Kj - 3q0 ne i s
Ry = K? = all charged — 0.38 4 0.07, M. H. Anikina, M.
8. Zhuravleva, D. M. Kotlia.rev‘sk , Z. 8. Mandyavidze, A.

M. Mestvirishvili, D. Neagu, ¥. O. Okonov, N. 8. Petrov,
A. M. Rosanova, V. A. Rusakov, G. G. Tachtamishev, and
L. V. Chekhaidze, Proceedings of the 1962 Annual International
Conference on High-Energy Physics at Geneva (CERN, Geneva,
Switzerland, 1962), p. 452.
9 S
Re=K32mwml 197 4 0.020, D. Luers, L S.
K$ — all charged
Mittra, W. J. Willis, and S. 8. Yamamoto, Proceedings of the
-Liz-en-Provence Inlernalional Conference on Elementary Parti-
cles 2'7;91696;1 (CEN Saclay, Seine et Oise, France,1962), Vol. 1,
241 1).
Re = 0.134 % 0.018, Anikina, e al.

K§ — wev, .
Ry K3 = all charged 0.458 + 0.048, Luers, et al.

Rz = 0.415 + 0.120, A. Astier, L. Blaskovic, M. M. de
Courreges, B. Equer, A. Lloret, P. Rivet, and J. Siaud, Pro-
ceedings of the Aix-en-Provence Inlernational Conference on
Elementary Particles in 1961 (CEN Saclay, Seine et Oise,
France, 1962), Vol. I, 227 (1961). A value on &3 = (0.185:3:3%)
by Astier et al. has not been used.

13. 7(#°) is from G. von Dardel, 1. Dekkers, R. Mermod, J.
. van Putten, M. Vivargent, G. Weber, and K. Winter,
Phys. Letters 4, 51 (1963).

The relative frequency for yete -decay is from J. Tietge
und W. Piischel, Phys. Rev. 127, 1324 (1962).

14. p(u*) is from G. Charpak, F. Farley, R. L. Garwin,
El‘. Muller, J. C. Sens, and A. Zichichi, Phys. Letters 1, 16

1962).

m(u*) is a combined value of the latest measurements, as
given by G. McD. Bingham, Nuovo Cimento 27, 1352 (1963).

() is a weighted average from R. A. Lundy, Phys. Rev.
128, 1686 (1962).
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71 INTERACTIONS IN THE MULTIPLE PRODUCTION OF PIONS IN wp COLLISIONS

M. S. AINUTDINOV, S. M. ZOMBKOVSKI, S, Ya. NIKITIN, Ya. M. SELEKTOR, and

V. N. SHULYACHENKO

Institute of Theoretical and Experimental Physics, Academy of Stiences, U.S8.8.R.

Submitted to JETP editor June 20, 1962

J. Exptl. Theoret, Phys. (U.S.S.R.) 43, 1543-1846 (October, 1962)

Resonance states were found for two m-mesons of the same charge and the mass values of
0.33; 0.44; 0.58; 0.76; and 0.99 BeV in an investigation of nr interactions in 7 p collisions
at an energy of 7.2 BeV. Similar resonances were found for the r*n~ and 7~ systems at
the same mase values. An agssumption is put forward of the possibility of isotopic and me-

chanical spin degeneracy in strong interactions.

WE investigated the n7 interaction in multiple
pion production in n=p collisions, The energy of

. the primary negstive pions was 7.2 BeV. The en-

. ergy spread of the negative pions in the primary
‘beam is eatisfactorily described by a Gaussian
distribution with half width 0.8 BeV. Mesasurements

. were made with the aid of a liquid-hydrogen bubble
+ . :chamber 25 em in diameter, placed in a 13.5-kG

magnetic field.
Altogether 13,000 photographs were obtained.
The reactions investigated were

A4 p— 207 4 2t e n o An, @)

4 p = 30 o 3t - A AR, 2)

e," where k is the unknown number of 7° mesons. The
reactions

4 po 2T 40t p o+ RO, (3

" 4 p=—Bn” 4 21t 4 p 4 k! {4)

were eliminated by identifying the protons by
measuring the momenta and estimating the ioni-
zation. In the reactions (1) and (2) segregated in

. this manner there may be a small admixture of
reactions (3) and (4), when the proton momentum
excoeds 1.5 BeV/c. For reactions (1) and (2),
distributions over the effective masses were
plotted (the total energy of two pions in their
own c.m.s.) for all possible combinstions of
two pions. All three possible charge states were
investigated (the 7~ 77, 7*n*, and 7*7” meson
tombinations ).

Ideograms corresponding to the distributions
over the effective masses for reaction (1) are
shown in Fig. 1. The determination of the effec-
tive masses was carxied out over the measure-

ments of the momenta and angles of emission of

the pions. The mean square value of the error
in the determination of the effective mass was
* 25 MeV.

As follows from Fig. 1, sharp maxima are ob-
gerved in the constructed ideograms at mass val-
ues 0.33, 0.44, 0.58, 0.76, and 0.99 BeV. Maxima
were obgerved in all three charge states within
the 1imits of errors at the same values of the
masses. It must be noted that the first two max-
ima in the ideogram for the 7*n~ combinations
were not resolved.

The results obtained point to the possibility of
realizing resonances in the two-pion system with
the masas valnes indicated above,

To check whether the same pion participates
gimultaneously in several maxima, the following
processing was carxied out: two-charge combina~
tions contained in each maximum on the curves
of Fig. 1a and b were picked out. For these pions,
a distribution was plotted over the effective masse:
of the m*n~ combinations, The distributions ob-
tained turn out to be smooth, within the limits of
statistical errors. From the smoothness of the
distributions it follows that the same pion does
not participate in two maxima.

The distribution over the effective masses for
reaction (2) is shown in Fig. 2, What is striking
is the presence of almost all maxima observed in
the analysis of four-prong events. The relative
intensity of the maxima in the case of aix-prong
stars, however, is appreciably different from the
intensity of the maxima in four-prong stars and
the maxima 2t high values of the masses are par-
tially suppressed.

The table lists the values of the masses of the
resonances (in BeV) for three charge states of
four- and six-prong stars. From the analysis of

1089




‘v 280 stars (the d

' combinations, 229 stars.

the histogram), 156 combinations,
combinations, 52 stars.

the systematic errors it follows that the true value
of the masses of the yesonances can differ from

" those listed in the table by not more than 30 MeV.
Rosopance maxima are observed at mass values
0.33, 0.44, 0.58, 0.76, and 0.99 BeV. Of these, the
three resonances at values of Mggr equal to 0.58,

FIG. 1, Distribution over the effective masses for combinations in four-prong stars:
ashed line is the histogram); b —r¥n+ combinations, 247 combinations, 247 stars;

59 stars; b—ntr+ combinations, 156 combinations, 52 stars; ¢
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FIG. 2. Distribution over the effective masses for combinations in Six-prong stars: a-—n"n~ combinstions (the dashed line is

— ntn= combinations, 468

0.76, a2nd 0.99 BeV were observed earlier in the
charge states 0 and 101-3). The maxima at Megf

= 0.33 and 0.44 BeV call for an additional analysis
ajmed at determining whether they are due to res-
onances in the system.
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Fourprong 8tars Six-prong atars
Charge states Charge sistes Mg, av.

(== =) + +) + =) {m =) t+ +) Tk )

0.32 0.36 0.33 0.32 0.32 0.33 0.33

0.44 0.47 - 0.44 0.43 0.44 0.44

0.58 0.59 .56 0.59 0.56 0.59 0.58

0.73 0.74 0.79 0.77 0.79 — 0.76

89 0.99 0.98 1.0 0.99 — 0.99

The existence of resonant states in doubly-

% . charged systems of two pions at close values of

the masses was also recently observed in 7 col-
lisions at 2.8 BeV by Shalamov and Grashin (4],
The available experimental data evidently indi-

oate that there exist two systems of resonances in
- gystems with {dentical mass values, but with dif-

forent values of isotopic and mechanical spins,
that s, in strong interactions one obsgerves degen-

* eracy in the isotopie and mechanical spins.
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