REVIEWS OF MODERN PHYSICS

VOLUME 28,

NUMBER 2 APRIL, 1956

Table of Properties of the ‘“Elementary” Particles”

ANATOLE M. SHAPIRO

Department of Physics and Cyclotron Laboratory, Harvard University, Cambridge, M assachusetts

INTRODUCTION

URING the years 1949 through 1954 at least

eight different K mesons' or K-particle decay
modes and at least four different hyperons (¥ particles)
were discovered. During the past year no new mesons
or hyperons have been found, but much has been
learned about the known ones. A table of the properties
of these particles is thus frequently needed by both
specialists and nonspecialists in this field.

The present table was made as comprehensive and
up-to-date as was possible, although a detailed analysis
of every pertinent experiment was not attempted.? The
table was compiled for private laboratory and course
use, and time has not permitted an extensive revision.
The principal journals in the field were quite thoroughly
searched through February, 1956, although only a
minimum number of references have been listed. In
many instances a given value is a roughly weighted
average of many experimental measurements, even
though reference is made to only one or two of these
experiments. No criticism is implied of the experiments
not mentioned; the listed references generally reported
either the most recent or most precise experiments or
gave comprehensive summaries of the data. References
to practically all other experiments can be found in
the listed ones.

A detailed analysis of the experimental evidence and
its implications will not be presented here. Several
excellent review articles and reports of conferences are
available.?

EXPLANATORY REMARKS

In Sections I and II of the table, only those particles
are listed which have been quite thoroughly studied by
more than one group of experimenters. A third part is

* Supported by the joint program of the Office of Naval Re-
search and the U. S. Atomic Energy Commission.

! Amaldi, Anderson, Blackett, Fretter, LePrince-Ringuet,
Peters, Powell, Rochester, Rossi, and Thompson, Nature 173,
123 (1954) ; Nuovo cimento 11, 213 (1954).

2 Many excellent tables have been prepared in the past. The
basic format of the present table is similar to that of an earlier
one prepared by Professor B. Rossi. Note added in proof —A table
of the mesons and hyperons has just been published by M. M.
Shapiro (Am. J. Phys. 24, 196 (1956)). This paper contains a
(l]gétse complete bibliography of the literature up to the middle of

3 See, for example, independent summaries by R. E. Marshak
and R. W. Thompson of the 1955 International Conference on
Elementary Particles at Pisa (unpublished); Mimeographed
Proceedings of the International Conference on Elementary
Particles, Pisa, June, 1955 [Nuovo cimento (to be published)];
Part I, Session 3 of the Varenna Lectures, Nuovo cimento,
Suppl. No. 1, 2, 163-274 (1955); Proceedings of the Fifth Annual
Rochester Conference, 1955 (Interscience Publishers, Inc., New
York, 1955) ; Proceedings of the 1954 Glasgow Conference on Nuclear

appended which includes less well-established particles
and particles which are expected to exist, on theoretical
grounds.

Even the well-established particles may have some
characteristics which are not well determined. This is
indicated in the table by placing parentheses around
these entries. A question mark is also frequently used
to emphasize the uncertainty. As an example, it is
known that negative K mesons exist, but it is not
definitely known which of the K* particles listed in
Sec. II, if not all, have negative counterparts.t This
uncertainty is indicated by placing a parenthesis around
the minus sign in each case.

The value of the w-meson mass is of crucial impor-
tance throughout the table. As an example of this, the
masses of all the listed hyperons were determined by
adding the measured decay energies (Q values) to the
masses of the decay products, which include a pion in
each case. The table is based on a value of 273.14+0.2 m,
for the mass of the charged pion. It is assumed that the
«t and 7 mesons have equal masses. This value is a
weighted average of the values 273.440.2 m, and
272.540.3 m, determined for the =t and =~ mesons,
respectively, by Smith, Birnbaum, and Barkas.? After
the compilation of the table was completed, a final
report by Barkas, Birnbaum, and Smith was published®
with revised masses of 273.3+0.2 m, and 272.840.3 m,
for the positive and negative pion. The measurement of
the 7= mass (272.740.3 m,) by Crowe and Phillips
should also be included.® Since the new weighted aver-
age is hardly different from 273.1-£0.2 m,, this latter
value is retained throughout the table.

Many experimenters have used somewhat different
values for the mass of the charged pion, and this ac-
counts for part of the spread in their derived masses of
the hyperons and K particles. It would obviously be
best if everyone would use the same mass value, and
we propose that 273.14-0.2 m, be used.

SECTION 1. ESTABLISHED PARTICLES
A. Grouping of Particles

The eighteen “elementary” particles listed in Sec. I
(counting the positive and negative particles separ-

and Meson Physics (Pergamon Press, London and New York,
1955) ; several review articles in volumes of the Annual Review of
Nuclear Science, Progress in Cosmic Ray Physics, and the Reports
on Progress in Physics.

t See Appendix added in proof. This symbol, used throughout
the text, indicates that qualifying comments have been added in
the Appendix.

4 Smith, Birnbaum, and Barkas, Phys. Rev. 91, 765 (1953).

8 Barkas, Birnbaum, and Smith, Phys. Rev. 101, 778 (1956).

6 K. M. Crowe and R. H. Phillips, Phys. Rev. 96, 470 (1954).
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ately) are divided into five groups.! In the first group
are placed all particles with rest masses less than or
equal to that of the electron. The other groups are
determined as follows:

L mesons: 1, <ML meson S M)

K mesons: Ma* <mg meson<mproton;
Nucleons:  the proton and the neutron;
Hyperons: Mneutron <mhyperon <mdeuteron-

A sixth group consisting of the nonelementary deu-
teron, triton, and He® nucleus was included primarily
to indicate the binding energies and magnetic moments
of small assemblies of nucleons.

B. Errors

If the positive and negative errors associated with a
number are equal, the error is placed in parentheses
beneath those digits of the number which are uncertain;
if the errors are unequal, the positive error is placed in
parentheses above the uncertain digits and the nega-
tive error below them. For example, —1.001146

0.4
#+0.000012 is presented as —1.001146, and (1.3+ )
—0.3
(12)
@)
X107 as 1.3X 10719,
(3)

The errors listed are unfortunately a mixture of
standard deviations and probable errors. Since many
authors do not specify which type they are using, the
policy was adopted of using the error listed in the most
precise experiment.

C. References

In Section I of the table, references are indicated by
small letters of the English alphabet placed as super-
scripts or subscripts at the right of the quantity in
question. The reference letter is normally placed as a
superscript; however, when the quantity contains a
power of ten, the letter is placed as a subscript in order
to avoid confusion with the exponent.

For the sake of conciseness and clarity, no reference
symbols have been placed in columns 6, 12, 13, and 14,
and only one in each of columns 9 and 11. The sources
of the information listed in these columns can be found
in the articles of reference 3. The discovery and verifica-
tion of the decay schemes, and the determination of
these quantized properties, are some of the most
fascinating aspects of this field.

In the case of the unstable particles, either the mass
of the parent particle is measured and the Q value of
its decay is derived from the known masses, or else
the Q value is measured and the mass of the parent is
derived from it plus the known masses of the decay
products. In either situation, the reference letter is
always placed next to the measured quantity, and the
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derived nature of the remaining quantity is indicated
by the absence of reference symbols.

D. Description of the Columns, and Comments
Column 1

In this column are listed the most commonly used
symbols of the particles, and their charges. The charge
is indicated at the upper right of each symbol. The
entries which are definitely not elementary particles
are placed in parentheses.

Columns 2, 3, 4, and 5

These columns contain the masses of the particles
in the indicated units. Strictly speaking, column 5
presents their rest or proper energies, not masses.

In the lower half of column 2 of the table, the listed
mass values are those calculated by Wapstra.” It is the
consensus of experts in this field that these are the most
accurate and consistent set of values presently avail-
able. Note that, with the exception of (H'), the values
listed are the nuclear masses, not atomic masses.

For the deuteron, triton, and He?® nucleus the corre-
sponding binding energy, B.E., is presented in columns
3, 4.

Column 6

Herein are listed the known decay schemes of the
particles. Only two of the particles, the #° and the =+,
are known with certainty to have more than one decay
mode.T It is thought, also, that the K,; or 7’ particle
is a 7 meson decaying in an alternate mode.

m%.—In addition to its usual decay into two photons,
the neutral pion is known to decay also into a photon
and an electron-positron pair. This is known to occur
about once in eighty decays.®® It is thus expected that
about once in (160)? decays, the #° will decay directly
into two electron-positron pairs. There is evidence that
this process does occur in a cloud-chamber event
observed by Hodson et al.1°

2.—It has been verified that there are hyperons which
have the following three decay modes:

V+—p+n04+~116 Mev, 1)

YVt—n+at4~110 Mev, (2)
and

Y—n+7+~110 Mev. 3)

The masses of these particles are thus about 2327 m,,
and it is tentatively assumed that they are the positive
and negative components of an isotopic spin triplet
called the 2 hyperon. This is still to be proven (see the
comments on column 8).}

7 A. H. Wapstra, Physica 21, 367 (1955).

8 Lindenfeld, Sachs, and Steinberger, Phys. Rev. 89, 531 (1953).

9 R. H. Dalitz, Proc. Phys. Soc. (London) A64, 667 (1951).

10 Hodson, Ballam, Arnold, Harris, Rau, Reynolds, and Trei-
man, Phys. Rev. 96, 1089 (1954).
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In addition to the known decay schemes, for some
particles a possible or conjectured decay scheme is also
listed in parentheses.

Column 7

The Q value in a given row is the total kinetic energy,
measured in the rest system of the parent particle, of
the decay products preceding it in the same row. This
value is also equal, of course, to the difference between
the rest energy of the parent particle and the sum of the
rest energies of the decay products.

m+—The values for the =+ and =~ mesons are pre-
sented separately, although we believe that the aver-
age value of 34.03-0.2 Mev is more probably the
correct one.

For the K mesons and hyperons the energies of the
decay products, when determined from their ranges in
nuclear emulsions and multiplate cloud chambers, are
subject to uncertainty in the range-energy relation, in
addition to other experimental errors. Allowance is
made for this uncertainty in the errors listed.

Column 8

The mean life of each particle, in seconds unless
otherwise noted, is listed in column 8.

6°.—The value listed for the mean life of the 6° is
actually the mean life of all K° mesons observed in the
experiments analyzed by Gayther'* and Page.? It is
believed that the particles observed were predomi-
nately 6%s, but if an appreciable number of other kinds
of K° mesons were present, the §° mean life may be
somewhat different.}

2+ —Tt is not determined yet whether the 2+ and 2~
hyperons have identical mean lives (or, for that matter,
identical masses). Since, on the Gell-Mann and Pais
scheme of the K mesons and hyperons,’® the 2~ is not
thought to be the antiparticle of the =+, one would
not necessarily expect their lifetimes (or masses) to be
identical. There is some evidence that the mean life of
the 2~ may be greater than 3.4X 107" sec.*}

Columns 9, 11, 12, and 13

These columns present the known information on the
spin, parity, total isotopic spin quantum number T,
and its z or third component 77, respectively. Discus-
sions of these properties of the particles and the corre-
sponding experimental evidence may be found in the
articles of reference 3, as well as in the current literature.

Note that in column 9 the abbreviations Int. and
3 Int. stand for integral and half-integral spins, re-
spectively.

1D, B. Gayther, Phil. Mag. 45, 570 (1954); 46, 1362 (1955)"

2D. I. Page, Phil. Mag. 46, 103 (1955).

13 M. Gell-Mann and A. Pais, Proceedings of the 1954 Glasgow
Conference on Nuclear and Meson Physics (Pergamon Press,
London, 1955).

14 Schneps, Swami, Fry, and Snow, Bull. Am. Phys. Soc. Ser. 1T,
1, 64 (1956).
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It is believed that all particles with integral spins
obey Bose-Einstein statistics, while those with half-
integral spins obey Fermi-Dirac statistics.

Column 10

In this column are presented the measured magnetic
moments of the particles. Note that the unit used
changes from the Bohr magneton in the upper half, to
the nuclear magneton in the lower half.

Since the magnetic moments of the neutron, deuteron,
triton, and He® nucleus are measured relative to that of
the proton, it is usual to state the error in their values
as though the proton’s moment were known with zero
error. This practice has been followed in the present
table. In order to obtain the absolute errors, the listed
errors for these four particles must be properly com-
bined with the error in the proton’s magnetic moment.

Column 14

This column, labeled Gell-Mann’s S for brevity,
lists the values of a possible new quantum number, a
number which may be an intrinsic property of each
type of particle. This number is frequently called the
“strangeness” of the particle and is given the symbol
S.1% The usefulness of the “strangeness” concept (and
the selection rules associated with it) lies in its ability
to correlate qualitatively the main features of the pro-
duction, interaction, and decay of the K particles and
hyperons,'® as well as to make successful predictions.
Similar ideas have been presented by others” and
references 13 and 17 contain a partial list of the papers
in this field. See also the articles listed in reference 3
for discussions of this concept.

SECTION II. PARTICLES WITH PROPERTIES
NOT WELL DETERMINED

The particles contained in this section have all been
more or less thoroughly studied and are quite well
established. The negative or antiproton is placed in
this section because of its newness and because many
of its properties have yet to be determined.t The K

15 M. Gell-Mann, Lectures at Massachusetts Institute of Tech-
nology and Harvard, 1955 (unpublished).

16 For example, the copious production of the heavy unstable
particles (K mesons and hyperons) is allowed by the conservation
of the total S value of the system (resulting in their “associated
production”). The slowness of the decay of these particles results
from the necessity for the S value to change in the decay by =+1.

The relation between the charge value (g/|e|) of a particle and
the z component of its isotopic spin, 7, is given by the equation

@/le)) =Tt 5+,

where S is the ‘“strangeness’” number of the particle, and M
is its baryon number (M = -+1 for nucleons and hyperons, 0 for all
lighter particles, and —1 for antinucleons and antihyperons).

17 A. Pais, Physica 19, 869 (1953); M. Gell-Mann, Phys. Rev.
92, 833 (1953) ; Nuovo cimento (to be published) ; T. Nakano and
K. Nishijima, Progr. Theoret. Phys. (Japan) 10, 581 (1953); M.
Goldhaber, Phys. Rev. 92, 1297 (1953); 101, 433 (1956); D. C.
Peaslee, Nuovo cimento 12, 943 (1954) ; J. Rayski, Nuovo cimento
12, 945 (1954); R. G. Sachs, Phys. Rev. 99, 1573 (1955).
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particles are placed here because it is not yet known
which of these particles are just alternate decay modes
of which fundamental K mesons. At the present time
it is hoped and expected that there are no more than
two basic K particles, the 7 and the 8, but this is still
to be established.

References to the literature are indicated by two
small English letters.

A. Explanation of the K-Particle Symbols

The K particles in Sec. IT are primarily symbolized
by the letter K followed by a subletter and a sub-
numeral. All of these particles decay into one charged
particle and one or more neutral particles. The subletter
identifies the nature of the charged secondary particle.
The subnumeral 2 indicates a two-body decay, i.e.,
only one neutral secondary particle in addition to the
charged one; the subnumeral 3 indicates that at least
two neutral particles are emitted.

B. Description of the Columns, and Comments
Columns 1 and 2

To the right of the particle symbol of the K., K3,
and K,; is presented the Greek symbol (x, 7/, and «,
respectively) by which the particular decay mode is
frequently designated. (According to convention,!' a
Greek symbol should not be used to designate solely a
decay mode, but should be reserved for a “true”
particle.)

The second column contains the probable modes of
decay. The first three are quite well established, while
the modes for the last two particles are uncertain. Be-
neath them in parentheses are listed possible alterna-
tive decay schemes.

Column 3

Because of the spread in the measured masses of the
K particles, several values have been listed for each one,
as determined in some of the most recent and precise
experiments. The associated errors have been adjusted
to be standard deviations for purposes of comparison.
These errors are based primarily on the statistical un-
certainties. To the right of the errors are symbols which
indicate the method used in determining the masses.

Beneath the several representative mass values listed
for each K particle, a weighted average (of all available
measurements) is placed together with its standard
deviation, and this is indicated by the symbol “Av.”

Column 4

Herein are listed the mean lives of the particles. The
errors indicated in this column are standard deviations.

Columns 5,0,7, 8, and 9

These columns contain values of the Q of the decay,
the kinetic energy E, the momentum p, 8(=v/c) times
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the momentum p, and the range R of the charged
secondary, calculated under the assumptions that the
mass of the K particle is exactly 966 =, and that it
decays at rest into the products listed in column 2.
These are calculated, not measured, values.

Column 10

It has been noted in several of the experiments which
have studied the properties of the K particles that,
regardless of the method of production of the particles
and the conditions of the experiments, the relative fre-
quencies of the particles decaying into the various
modes are approximately the same. These branching
fractions may thus be an intrinsic property of the K
particles and they are listed in column 10.

SECTION III. LESS WELL-ESTABLISHED PARTICLES
1. =% and Other K° Particles

It is reasonable to expect that there may be neutral
7 mesons as well as charged 7 mesons. (The existence
of the 7% is predicted by the “strange” particle
schemes.’®17) This meson might have either or both of
the following decay schemes:

r—rttr—4a0,
0—70 470 470,

It has been frequently pointed out that some (but not
all) of the so-called anomalous V° events may be ex-
amples of the former decay mode.!® There is, however,
no detailed evidence in support of the 7° meson. It
might, of course, also have other modes of decay.

Besides the 6° and 7° there may also be other K°
mesons. At present, however, it is believed that there
should be no other neutral K particles, although there
may be other decay modes for these two particles.
These other decay schemes may possibly explain some
of the remaining anomalous V° events. It is postu-
lated that the following decay schemes would account
for most of these events:

K'—>rt+4r+ty,
KO__)”;{:_*_W%:_*_ <)
K'—et4-aF4p.1

2. X0and B°

In addition to the Z* there may also exist a =°
hyperon. This is predicted by those “strange” particle
schemes®®!7 which assign a total isotopic spin of 1 to the
2 and thus make it a triplet family. There is no direct
evidence for this particle, but its existence is implied

18 See, for example, R. W. Thompson’s summary of the 1955
Pisa Conference; R. W. Thompson, Progress in Cosmic Ray
Physics, edited by J. G. Wilson (to be published), Vol. 3; and the
other articles listed in reference 3.

19 See, for example, Ballam, Grisaru, and Treiman, Phys. Rev.
101, 1438 (1956).
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Table of Properties of the “Elementary” Particles
(Revised April, 1956).
I. Established particles.

. Decay . . Magnetic : Isotopic Gell-
Particle Mass products Q Mean life Spin moment Parity spin Mann’s
Symbol eh

and (%016)a (g)s (1) (Mev) (Mev) (sec) (h) (no = ) T T. S
charge 2mec
) 2 3) (C] O] (6) (@) (8) % (10) 11) | (12) @13) | (14)
~° 0 0 0 0 stable © 1
»0 <0.0005 | <250 evb stable o [¢)] <1077
e~ 0.000548763{9.1083 X102 1 0.510976% stable 0 © 3 —1.0011464
(6 [€)) @) 12)
et Same as electron to within 0.0071%:e et 4e—ny 3S positronium: 3 | (41.001146)
n=1,2,3 - 1.5 X1077¢ 12)
15)
pt 206.78 | 105.6 ext+tv+4» 105.1 2.22 X107y [€))
) () ( @)
xt { Average mr*=273.1 me I 273.38 | 139.7 pt+4v [ 34.1 2.53 X1078; 0 — 1 +1 (0)

] @ @ ) | Us) 10)

S

8 Average mrc? { . - 1 -1 0)

& =139.5s Mev 272.88 | 139.4 T l 33.8 2,55 X1078; 0

~ (n (€)) (15) (2) 19)

0 mx~ —mw® =8.8 mek 264.3 1‘:35.0 v+ 135.0 (1 =5) X10715; 0 - 1 0 (0)
6) @) 3) (
1
(56)7 +ette”
(—1—)26+ +2e~
1602
(12)
r+ 966.1 | 493.7 et 75,0m 1.27X1078, | (O)= (=)m (+d| (+D

. @) o) (¥ +n0+0) &) (&)

g (12)

& (966.1) |(493.7) o 4at4a | (75.0) | (1.27X1078) | (0) (=) (=9 (=1

E @ &) (=m0 4m0) ®) @

* (€2

60 965 493 - 2140 1.3 X1071% Int. (+) (=1 | (+1
(10) (&) (w0 +-m0) (5) [€)) #1
Particle Mass Dg)edcfgts Q Mean life Spin I;/In?‘)i?:r?tc Parity Isgé(i)gxc MGa?-g;' s
Symbol eh ,
and | (#5019 ® (md  (Mev) (Mev) (sec) @ (v =) T T | S
charge 2M e
Atomic

(mass 1.0000000 931.141s
unit (10)

o P 1.0075964 [1.67239 X102 1836.12 | 938.214 stable w 3 +2.792743~ 3|+ 0)

S (15) (€} 2 (10) )

ER 1.0089861 « |1.67470X1072¢| 1838.65 | 939.508 prte +v 0.78304 1.11 X103 3 —~1.913138r 3 —4% 0)

Z 5 @ ) (¢{0)] (O] (22 49

(T3=12.8 min)
(HY) 1.0081452
15)
(6)
A0 2181.5 | 1114.7 P4 36.9¢ 3.7X10710, |4 Int. o | (-1
@) (1) (10 +x0) &) ©)
(1.49)
=+ 2326.9 1189.0 pr4m0 115.8V%|(~)3.4 X107y x|4 Int. (+1)| (=1

2 3) (1.5) 1) 8

S n0+nt 109.9

g 1)

= )

z- (2326.9) | (1189.0) no4mr— (109.9) (2)3.4 X1071t |} Int. (=1 (=1
&)] (1.5) @) (&)
= 2586 1321 A7 67y ~1X1071% |} Int. (=] (-2)
@) 3.5) 3)
(H)+ 2.0141915 B.E. = —2.2264 Mev |1875.496 stable o 1 +40.8574073r + 0 0
28) (18) )] @
(H3)+ 3.016456 B.E.=—8.458 Mev |2808.746 | Hes**+e~+» | 0.01819 17.690 yr= 3 +2.97884r E -3
) @ a7 ()] (6) )
(He3)*+ | 3.015888 B.E.= —7.720 Mev  |2808.217 stable @ 3 —2.127544 3 +3
(©) @ a7) 7)
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II. Particles with properties not well determined.

If the mass were 966 7., .
Particle Probable Measured Mean life Obs. fraction of
decay mass K* decays
Symhbol and products Q Echgd. sec. | Dohgd. sec. | DBehad. sec. | Rohgd. sec.
Me, sec, Vv, ev, e’ €
charge (me) (sec) (Mev) | (Mev) (Mev/c) | (Mev/c) |(g/cmzPb)
1) 2) 3) “) ©)] (6) ) ()] 9) (10)
_ * + 964 +-4*aa 1.1 —
Kmy) =x) 70 {967:&2,@ 12171 109 | 2191 108.5 205.1 169.6 60 ~0.27
+ *
(=657 Il s | ~10X107%,
966 +2 Av
Km® = )0 | OOBLBLE | ~10X107% 841 | <531 | 1329 | 916 | < 212 ~0.02
+ —————
=70 965+7 Av
* + 964 L-6*an 0.8 -
Kus® PO el | 1171081075 | 388.0 152.5 235.5 214.9 106 ~0.57
*bb
oss e | ~0x107
9662 Av
Kus® =x) a® oty 03 T ot | ~10X107% 253.0 | 1340 | 2154 | 1931 | o1 ~0.04
+ bb
(O +y+») 967+ 6t
964+ S Av
Ko™ e 242 oes ok | ~10x107 ~0.04
e pmodyy | | 963101
+ 967+ 9 A
(e +y+») v The remaining frac-
tion of the decays,
- Same mass as p* to within £5%se ~0.06, are r mesons.

“;5%<))hen, DuMond, Layton, and Rollett, Revs. Modern Phys, 27, 363
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There is no experimental evidence for a E° hyperon,
but its existence is also suggested by the ‘strange”
particle schemes.!®:*7

3. Antineutron, and other Antiparticles

The production of antiprotons at Berkeley? suggests
that antineutrons may also be produced. If the Dirac
theory should be generally applicable, one may expect
that every particle should have a corresponding anti-
particle. The antiparticle should have all the same

22 Chamberlain, Segré, Wiegand, and Ypsilantis, Phys. Rev.
100, 947 (1955). .
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properties, except that the sign of the following proper-
ties should be reversed: the charge, the magnetic
moment, the z component of the isotopic spin, the
S value, and the baryon number M .16

4. Heavier Hyperons

Hyperons heavier than the 5~ may exist. Eisenberg®
has observed an event which may be interpreted as
evidence for such a particle. The suggested decay
scheme for the observed event is

Y==K+ (n or A%+ (Q=25 Mev).

The sign of the particle was inferred from the fact that
the stopping K meson was absorbed by a nucleus in the
nuclear emulsion and produced a large star. -

Fry, Schneps, and Swami?* have also observed events
which suggest the existence of heavier hyperons.

5. Other “Anomalous” Particles or Decay Modes

Other events have been observed which do not seem
to fit the information compiled in the table and the
preceding sections. It is not feasible to mention all of
these, and thus only the most prominent phenomenon
will be noted. This is the apparent existence of a group
of negatively charged particles, believed to be mainly K
particles, which have a considerably shorter mean life
than the “normal” K particles.?>}
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A ppendix added in proof—The following comments are derived
primarily from information presented at the Sixth Annual
Rochester Conference (April, 1956). A full discussion of these
points will be found in the proceedings of this conference, which
are to be published. See also the Washington Meeting Bulletin of
the American Physical Society (Series II, Vol. 1, April, 1956).

1. Among the negative K mesons, there is some evidence for
the existence of Ko™, K.37, and possibly also K3~ and Ko~ par-
ticles.

2. In addition to the ,° =*, and r particles, it now appears
necessary that the 6 and A° particles must have additional
modes of decay, with only neutral secondaries being emitted.
This is necessary if all “strange” particles (i.e., particles with
S#0) are made in “associated production”® and if no new
strange particles are present.

3. Several experiments indicate that the £~ hyperon may be
approximately 14 to 16 electron masses heavier than the =t
and that the mean life of the == is ~1.4X 1071 sec, which is
considerably greater than that of the Z*. This does not affect
their both belonging to the same isotopic triplet family.

4. Several recent experiments on the lifetime of the 6° meson
obtain lower values than that listed in the table. The new average
value is approximately 1.0 107 sec.

5. The equality of the masses of the proton and antiproton
has now been verified to within ~29%,.

6. Several events have been observed which indicate the prob-
able existence of the following decay scheme:

K%—e* 47T+ (a light neutral particle).

7. Additional evidence for the existence of the =0 hyperon
has been obtained, and it appears quite probable that this particle
does exist and does fit properly into the strange particle schemes.

8. It is now suggested that the group of negatively charged
particles having a mean life of the order of 1071 sec may be
composed of =~ hyperons, rather than K~ mesons.



