V. Thursday Afternoon: Properties of Heavy Mesons and Hyperons,

L. Alvarez presiding.

IEPRINCE-RINGUET gave the introductory summary covering most of the

published results on heavy mesons and hyperons. Since most of these data
have been published, details will be spared in this report. Fig. 1. shows

the mass measurements of K*'s.

+ + +
i
Observer K,u2 X (Kfn;Z) ) T Remarks

G-Stack  977+6 966 + 3 Baroni R-E curves

20.57+0.2l 11.8+0.15

Ritson 961;,:6 961;!_-11 961148 Barkas R-E curves
et al
T 20.18425  11.51#0.15

Momentum-range

9 7:7 96019 on primary.

Barkas 962.5+3,2 972.2+l.5 951.2+10.6 951411 Compares mass of
- - - - T = 966

Crussard  952+3(15)  969+L(9) Barkas R-E curves

20,2+0,15  11.840.17

Fig. 1
In Fig. 1. the range of the secondary in cm of emulsion is given under the

masses where appropriate. The Barkas values dbtained by comparing the
and K ranges are essentially independent of R-E (range-energy) curves.
Baroni R-E curves give slightly higher masses than the Barkas R-E cui'ves.
M,I.To has also performed an experiment to obtain (T* - k*) mass differ-
ence and found 4 + I mye Fig. 2 shows the mass determinations for K~

masons., Bon.
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Observer Mass Method
Brookhaven 931 + 2k Momentum and range

(Hornbostel and Salant)

Berkeley 96l Mass K™

(Chupp et al) - = 0998 + 0,013

Fige 2

The details of the Berkeley experiment on K-masses are given later in this
report by S. Goldhaber, Fige. 3 shows the lifetimes of K*'s as measured by
emulsions and counters using machine K* beams, It should be pointed out
that Keuffel. and Mezzeti, Robinson and Hyams have made the first such
measurements using the cosmic radiation, Their resylts are in very good

agreement with those shown in Fige. 3. Bon.

Particle Lifetime Observers Method
7 0.8 " 8’5 x 107 Harris et al Emulsion = Brookhaven
¢ K-Beam
+ 0.7
1_ 0.3
%;2 1.h * 0.2 Alvarez et al Counters - Berkeley
K~Beam
0008 -
1.17 Fitch et al Counters - Brookhaven
0007 ——
K-Beam
x* 1.3 ¥ 0.2 Alvarez et ‘al Counters - Berkeley
K-Beam
1.21 * 0,12 Fitch et al Counters - Brookhaven
K-Beam
K 0.7 j 0.15 Harris et al Emulsion - Brookhaven
L 0.10 _——
K=Beam

Fig. 3
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Note here that there are no lifetime measurements for KEB and K;B' These
are very difficult to measure with counters., However, one can get some
idea of their lifetime by comparing the fractions of KEB and K)‘b to other
K*ts found in experiments which observe K*'s at dif ferent times of flight,
For example, one can compare these ratios in an experiment in the K
Berkeley beam in which the time of flight is ~ 1.5 x 10”0 sec and in the
Ecole Polytechnique stack exposed directly to the proton beam where the
K's had a time of flight of § x 1010 sec. The proportions are sbout the
same in the two experiments, bence K33 and Kjg cannot differ greatly in
lifetime from other XK*'s, Bon.

The following is a brief summary of some additional observations on
heavy mesons, For the T * we note tie following points:

(a) T*—>a" + 0™ +a" +q (= 75,0 + 0.2 (1.5))

The Q value ig Amaldi's given at Pisa,

(b) Bombay has seen 1T which requires a 32 Mev y~ray to balance
energy and momentum. In some 96 T's, Bristol has seen two
non-coplanar cases. These suggest the possibility of internal

bremsstrahlung.
{(¢) From the Dalitz analysis spin and parity are 07,
(d) The frequency of Tt* - ¢+ + 2¢° is about 20 per scemt of T*,

+ (e]
(e) For the TO ™™ *+ ™ + 7| there is mo definite proof that it
-» 31°
exists,.

However, some anomalous v° have Q values consistent with T°,
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For the 1(;2 and K; , there is essentially nothing in addition to the
mags and lifetime measurements already given. Abundance at production will
be reported at a later time in this conference. It can be pointed out that
racently Dublin and the Ecole Polytechnique have observed the #© from K;Z
to decay into 20 + ¥,

At present about 30 cases of K"'(K;G) have been found, The results
now favor the K;B > p + 1% + V decay scheme, where the maximum ensrgy
of the p is 130 Mev. Some cases of high emergy j secondaries have now
been found (~ 90 and 110 Mev) and in Rochester the n° in the K3 decay has
been inferred from the observation of high ensrgy electron pairs presumably
arising from the alternate decay mode of the 7%, These observations make
the above decay scheme appear quite certain. (See Crussard's discussion
laters)

There are now about 25 cases of Kg. The observed maximum secondary
energy is around 260 Mev. If the decay scheme is K§3 —~>e + 1% + )V the
maximum electron emergy is 230 Mev. Attention should be called to possible
biases in the Ks data since low energy and high energy secondaries are
oasily missed. Crussard will discuss this in more detail later, Note
that not a single example of Kp has been recognized in cloud chambers.

This most likely is because of their relative secarcity.

For the 6° we note the following points:

(a) =t 41+ Q (= 21 + 5 Mev, Thompson et al),

(b) Ecole Polytechnique now has one case in which both secondariss
interact in the multiplate chamber, This confirms Thompson's
statistical evidence that both secondaries are w-mesons,
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+ 046

» 0.k x 10730 gec (Gayther).

(¢} Lifetime =F 1,7
(d) Spin-parity both odd or both even.

(e) Alternate mode of decay: 6° —>n° + #° (see Osher and Moyer
~ results later). If it exists it rules out odd spin for 6°,

Essentially the characteristics and decay schemes discussed above
were for K* or K° mesons. For the K~ mesons the situation is less clear
even with respect to a knowledge of the descay modes. This arises because
most Keparticles observed in emulsions stop and are abosrbed in a nucleus
rather than decay. While in clouwd chambers it has been found that V™
events are of higher energy when observed in the cosmic radiation and it
is thus more difficult to identify decay schemes, The T~ -—> 1~ + " + »~
has been observed in cloud chambers at Cal. Tech,, Manchester, Paris and
Fretter's group at Berkeley. This identification is positiwe and unambigue
ous, Princeton may have a T, but this ease is based on knowledge of p#,
the #™ momentum in the center of mass coordinates, and is not an absolute
proof. As for the existence of the KT, and X 7(k3,) there have been indi-
cations again from p#* valuess that one or both modes exist bubt again the
proof is not complete. Paris observed a single case of a probable K;Z in
which the charged secondary interacted, was therefore a ™ and two elsctron
showers were seen, most likely from the n°, This interpretation was com=
pletely consistent but was of such high energy that in fact it could have
been a K}, within an error of two standard deviations, Recently Ekspong
and G. Goldhaber at Berkeley have seen two Kwdecays in flight in emulsion.
One has been found to be a K;z, the other a K'B'B. The K., identification
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depends on a mags measwrement of the n secondary which left the stack,

Now we summarize the properties of hyperons.

The A° >y +m+Q(=37+ 1 Mev) has a lifetime T = 3,7 : g:g x
10710 gec, Additional data on the Q value, published by Fretter's group
at Berkeley, the Princeton group, and Bristol (reported later in this
meeting by Friedlander) have only confirmed this without changing the Q
value. An experiment of Osher and Moyer, reported later, will bear on
the question of the alternate mode A°—> n + #°. /\° is not only found

produced in association with K mesons, but apparently also occurs as a

decay product of at least two other hyperons, namely

2° > A ey
= 2 N e
The 2* has two decay modes,

Z*'_._, . n + Ql (= 110 * 5 Mev)
Q's measured
st p +7° + Q2 (= 115 * 5 Mev) in emulsion

with a branching ratio of approximately unity. The second @ has been
well measured since the range of the proton is only 1680p and usually
stops in the emulsion. There is same evidence for the neutron from the
double cloud chamber of Paris. Interactions in the multiplate chamber
were seen to occur along the predicted lines of flight of the neutrons,

No evidence exists for the n° in the other decay mode., Several measure-

monts of lifetimes of zi have been made. These are
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\
Rome 5x10 < T< 3x1071°
Bristol 3.5 ': %"i x 10 > For decays in flight only.
Fry 3.4t é‘é‘ x 1071 )
- +
Fry Lt %g x 10710 } Including 2~ at rest.

The last valuwe of Fry takes into account particles decaying at rest and
the discrepancy might be explained if the X ™ had a longer lifetime than
L * and J* decayed predominantly in flight. (See Fry's discussion
later. Also Steinberger's direct I = lifetime measwrement,)

The J, = has previously been identified in the Brookhaven diffusion
chamber, Fetter's cloud chamber and in emulsions. Recently, 3 X'~
(really Y~ as they are identified only roughlyas to mass) have been seen
to stop and give rise to hyperfragments. These were observed by the
Padua, Chicago and Lausanne groups. Considerable new information about
the ¥ = will be given during this conference (see S. Goldhaber as well
as others).

The evidence for the I © rests on the work of the Brookhaven cloud
chamber group and Walker et al on associated production of 8° + A®, In
some cases energy and momentum does not balance in an apparent n™ + p —
8° + /\° reaction and suggests a X © was produced which decayed immediately
to A® + vy (see Fowlsr later in this conference). As yet the y has not
besn observed.

The ‘=, hyperon is now well known even though there are only about
10 known cases, The decay is =, = ~>/N\°% + v~ + Q (= 65 + L Mev). It

is known that the charged secondary is a #™ since it has been observed
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(Paris group) to interact in a cloud chamber plate. The mean life is
unknown, but it seems short. Gell-Mann, Pais and others predict a
neutral ,=4°, However, this will be difficult to detect since it pre-
sumably decays into A° + #°, A few =, ~ have been cbserved in emulsions,
at least their Q values seem about correct. Cal. Tech. has seen the pro-
duction of = = + 6° + 6°, a process predicted by Gell-Mann, Pais, and
others.

There are a few "freak"™ cases which are difficult to explain. For
example, there is the Eisenberg event in which a Y (measured mass ~ 3220
+ 700 my) seems to decay into a K (measured mass ~ 850 mg) which later
produwces a suer 6 star and is thus negative. The Q value is about 5 Mev
for a two~body decay. Fry has observed a K~ meson of L3 Mev being ejected
from the secondary star produced by a hyperfragment. In this case the
total energy in the star is greater than 550 Mev. Fry also has reported
two hyperfragments dscaying with energy relsases larger than that associ-
ated with a bound A°. Another hyperfragment with an anomalous Q has
been found by the Rome groupe

Perhaps a few comments should be made with respect to the V¥ events
seen in cloud chambers in the cosmic radiation. For the V"', the major
portion appear to be slow and p analysis indicates that a large fraction
of slow V¥ are K;z and 1(;2. This is well confirmed by the Cal, Tech.,
Indiana, Princeton, Berkeley and Paris groups. Further, most V* are k',
but a relatively small fraction could be Y'. The mean life appears long

( ~ 108 sec), except for one observation by the Princeton group on K*
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particles which gave a lifetime a5 x 10710 sec, This is the only indi-
cation of a short lifetime compoment. The situation with V- is less
clear, First the mumber of V™ is comparable to the number of V', but
they are considerably more energetie than V' and appear to have a shorter
lifetime. Most secondaries of V- interact and are thus -mesons most
likely, Since ,= =, T!" seem rare, perhaps the V" are predaminantly

Z " or Kipe This, however, is far from proved,

The last point is the anomalous V°, This is a neutral decay which
fits neither the /\° or €° @ values., Q values based on decay into 2w
mesons range in more or less continuous fashion fram low values ~v few
tens of Nev up to the @ of the €° (21} Mev). Some will fit with T°
—> ot + n=4n° for example. Others will not. Block et al, Cowan, Harmon
have given evidence that one type of amomalous v° has an electron as one
decay product., Other possible decay schemes for anomalous VO events
are

K-y nm+p+ V+Q(=m 248 Mev)
K> w+w+ vy +Q(= 212 Mev)
K —>e+n+ Vag(= 35 Mev),

Also one should not forget that electron pairs from P >et +e” 4+ ¥
can simulate V° (see Peyrou later in this report). The question of the

neutral decay schemes ig open and merits considerable worke

GOTTSTEIN was elected by those who had contributions on the T -meson
to combine the results imto a singls talk., The following people contrie
buted:
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K. Gottstein, Max-Planck Institut fir Physik, Gottingen, Germany
A, Berthelot, Saclay, Gif-sur-Yvette, France

Jo Crussard, Ecole Polytechnique, Paris, France

N. Dallaporta, Universita di Padova, Padova, Italy

M. W, Friedlander, University of Bristol, Bristol, England

R, Haddock, University of California, Berkeley

Ge G. Harris, Columbia University, New York

Ce O'Ceallaigh, Dublin Institute for Advanced Studies, Dublin, Ireland

Gottstein pointed out that this summary would not be as welldone as he
would have liked it to be since he had had too short a time to organize
the material, The first information presented was on the relative abun-
dance of T, T' and X mesons. These were the cambined results of

Berkeley and M,I,T. shown in the left side of Table I and of Padova on

the right.

Berkeley and M.I.T. Gottingsn Padova Dublin
T /[y 0,058 + 0,00k 0,050 + 0,007 04065 + 04,0061
T'/Kan1 0,0193 + 0,0036 0,0217 + 0,006
TY/1T 06332 4 0,067 0419 + 0,07 0,312 + 0,086
Number of T used 202 3 53 112
Number of Tt used 65 10 13

Table I
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Next, Gottstein reported a careful investigation of the T Q value
by the emulsion groups at Milano, Brissels, Genova, and Saclay. (Ed.
note: we insert here a summary of this work prepared by A. Berthelot
which amplifies slightly Gottstein's remarks.)

"We have measwred the § valuve of Tdecay at rest in photographic
emulsions by a method designed to be independent of the choice of any
particular rangs-energy relation.

®"After carefully testing that the three branches are coplanar, we
measure the three angles @, Gy O3 between the branches. Choosing an
arbitrary value for @, it is possible to calculate from energy and momen-
tum conservation the kinetic energies El’ Eps E3 of the three n's. The
measurement of the corresponding ranges gives three points of a range-
energy relation fa pions. It 'is possible then by the measurement of a
sufficient number of T's to determine a range-emergy relation which is
dependent of the value chosen for Q.

"In the same stack, the range of p from r decay at rest is measwred
and converted to a w range by use of the ratio m"/mp. Then Q is chosen
so that the range energy curve fits this point,

"The present measurements have been made on a part of the Kl stack
irradiated in the K* meson beam at the Bevatron. At the present stage
the range-energy relation is detemmined in the interval Le5 to 56 Mev
by 81 points on the assumption that it is linear in log E, log R coordi-

nates, The best ¢ value deduced from them is:

Q= (005h7o * 00003) 1!,"
- (760,43 * 0.1{2) Mev
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¥The quoted error is the one which results from the estimated exper-

imental errors. It does not include that which results from the uncertainty

on the mﬁ/mp ratio. A change of + 0,001 from the accepted 1321 value will

result in a + 2,7 x 10™3 m, or + 0437 Mev,.*

Gottstein continued with a discussion of methods of finding informae

tion on the spin and parity of the T, These are:

1o
2.

3.

L.

Se
6o

the triangle plot of Dalitz;

the Fabri calculation of the probability that the n™ has smallest
energy, the middle energy or the largest energy among the three
decay n's (Fabri has calecula ted these probabilities for different
spin and parities of the T);

the angular distributions of Costa and Taffara at Padova (these are
the angular distributions to be expected of the angles between the
7 mesons);

the Dalitz cos 6 distribution, where © is the angle between the
direction of the m meson and the directions of the 2n* mesons in
their own C.Me3

the n™ energy distribution of Dalitz;

the polarization test suggested by Thirring,

It is, of cowrss, obvious that biases in scaming could seriously

affect conclusions drawn from the above tests which are statistieal in

nature., When comparing data, then one must be very careful of biases.

In particular along the track scanning is preferred to area scanning.

Table II shows some Sscanning information.
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Number Type of Is the identification
Laboratory of s Scamning independent of energy?
Berkele_y 100 ? ?
Bristol 93 Area Almost
Columbia 72 704 Track Almost

304 Area
Gottingen 106 Track Yos
Padova 190 Area Yes
Table IT

Fige ki shows a Dalitz plot. It does not contain all events listed
above but shows fairly clearly the uniform distribution of points which
is typical of the spin 0" particle, The solid cwrve was calculated with
non-relativistic kinematics and the dashed cwve, relativistic. Fig. 5
shows for comparison a hypothetical distribution for spin 1~ and for 1%,

(Note: These figures were from G. G. Harris, Columbia University,)

DISTRIBUTION OF 215 T DECAYS ASSUMING
SPIN AND PARITY INDICATED

(=) 1+
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Fig. 6

Fig, 6 shows the & energy distributions from the Gottingen data., We

see the symmetry of the #* energy about 2 Mev, Note that the n~
emergy is not exactly symmetrisal, being weighted a little on the higher
side. The Columbia data shows this same behavior for the n™ energy,
Gottstein commented that he had receiwed fron. Berkeley an energy distri-
bution of #'s from the T?', and this distribution appeared uniform,.

In Fig. 7 the data of Fig. 6B have been divided by the phase space

factors. Alsoc included are the theoretical cwves for various spins and
parities calculated by the M.I.T. grou. For the case 0” one would thus

expect a uniform distribution. This, of course, assumes (&) that the
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dN/de A)

: dNo_Td—E X Present Experiment(;0{events)

Fig. 7

matrix element is energy independent and (b) the outgoing w mesons do
not interact. Note that the experimental points seem compatible with
0~ and 1*, Fig. 8 shows a plot of more experimental data including the
Gottingen data, M.I.T. data, the data from Cosmic Rays contained in
Amaldit's Pisa report and Bristol data, If you draw a straight line
through the points, the best line would seem not to have zero slope

(0™) or slope = 1 (1*) but samewhere in between. Some additional
results from Copenhagen show this trend also. Fig. 9 shows the cos ©
test of Dalitz. The Gottingen data are plotted and are compatible with
0= or l", even perhaps with 2™ or higher spin. Those spins and parities

which appear excluded are 17, 2% and 5. However, if the T has spin
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Fig- 9
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greater than 1, then it might be polarized., Thirring has suggested

that the T should have a high prebability of maintaining this even if

it is slowed down in dense material, However, all groups consistently
find no correlation effects in the angle between the plane of decay and
the incoming direction of the To This test was proposed by Teucher,
Thirring and Winzeler. Fig. 10 gives experimental results on this angu-
lar distribution for T mesons and KL mesons. The dotted line corresponds
to uniform distribution per unit solid angle, This test shows isotropy

both for Uts and Ky-mesons,

No events A) No events B)

20 100

| gt] e
uj+ 4 701 Kmesons

Fig. 10

Gottstein noted that either 0°, and 1* taken alone did mot fit the
data well; howsver, a mixture of two kinds of Umesons, one being 0~
and one being 1+, would., He noted that this idea had already been dis=-
cussed. Another, and simpler possibility was that the phase space dis-
tributions have after all been altered by such effects as 1 « ¢ inter-

actions, etc.
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Discugsion

Harris commented that when all the data was taken together, then one
saw that there were more n™ mesons of energy greater than 24 Mev (one-
half of total possible) than less than 2l Mev, This is only a slight
asymmetry. Furthermore, the total evidence favored 0~ over 1*, 2 can-
not be distinguished from 0%,

Ed. Note: The rew extensive T data from the Padua group (about 30%
of the total T data) is summarized belows

190 tau* mesons from two large stacks exposed at 90° to the X' beam
from the Berkeley Bevatron are in good agreement with the Dalitz, Fabri
and Costa-Taffara distrioutions for zero spin and negative parity, while
the probabilities for the cambination 1+, le, 2+ and 3= are all very
small, Particular evidence for even spin amd odd parity comes from the
low end of the pi™ smergy spectrum,

51 events were found by scamning along the tracks; the remainder by
area scanning, The acceptance criteria were (a) at least two pions end
in the emulsion, so permitting idemtification of the negative pion, (b)
coplanarity within the experimental errors, and (c) a Q-value of 75 + L MeV,
derived from the pion ranges and momentum balamce. The decay planes appear
to be oriented at random both with respect to the emulsion and to the Kt

beam: this is taken 4o mean that the sample is free from bias,

CRUSSARD presented a papsr on K}l3’ KﬁB spectra combining data from
publin, Bristol, Berkeley, Rochester and Ecole Polytechnique,
The Kp are found by measwring flat secondaries of a certain length,

usually 2 em length or more. There is a bias against finding very slow
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ones and against very fast omes which leave the emulsion stacks too soon,

Fig. 11 is the secondary energy spectrum for 26 cases, This includes
K Py 26 cases

(1r’)
N 3

Fig. 11

&

5 old cases, G-Stack 5 cases, Dublin 6 cases, Ecole Polyteshnique 5 cases,
Richman's group at Berkeley 2 cases, Rochester 2 cases, the MeI.Te-
Berkelsy=-Brookhaven collaboration 1 case. The energy values are mot
corrected for bremsstrahlung losse If this correction is added it would
shift the energies higher slightly. The shape is not yet well defined,
but there are a few cases near the upper limit of energy. The arrow (2)

indicates the energy of an electron from the decay
Kﬁ2"’ e + V (neutrino)

where the mass of sz = /95 Mev, The arrow (3) indicates the maximum
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energy the electron may have if it comes from the decay
K333 > o+ +V

where K§3 has the mass = 495 Mev., The cases near the upper limit may

be a slight indication for the sz mode. It is premature to say more.
For the K)ﬁ, the data was broken down into an unbiasad group, and

a second group less systematically selected. Dublin contributed 12 cases,

the G-stack 4 and the Ecole Polytechnique 3 to the unbiased sample of 19

cases., These are unbiased in the sense that the events are sslected for

secondary potential range and have measuremsnts on at least ) em path

length. Fige 12 shows these 19 cases together with a rough phass space

cuwrve for the decay

K}ﬁ-%-)z-u- V + 5°,

The two cases indicated with the crosses are from Dublin and they are
still in process of analysis and should be considered at this moment as
tentative, The data fits reasonsbly well with the K3 > p+ V + 1
decay, but does mot fit with either

K + LV o4+ 2¢°
3 > 1 2n

or

KFB-,’I‘IZV.

Fige 13 corresponds to the less-well selected group. The contributions

to this curve are as follows:
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Growp Cases
Richman's (Berkeley) 15

Roche ster 7
M.I.T. 7
Ecole Polytechnique 6
Barkas! (Berkeley) 3

38

In this group thers is a large bias toward finding low energy secondaries,
However, a correction has been applisd to fill in the spectrum, by calecu~
lating percentage of K}G among all K's rather than adding numbers of cases,
Following Sterk!s approach of the problem, we have divided up the data
into three categories: (1) KF3 found in direct scanning; (2) secondary
not measured very extensively, mostly by grain count; (3) secondary mea=-
swed extensively; and corrected them accordingly. One sees again that

this group also fits well with the K}a >np+ L+ n° decay,
Diseussion
Markov asked if there was a possibility that a decay of the type
K-> P+ Vgt
vwhich would be the symmetrical charge analog of
K> pt+ v 4+

had been observed. This reaction seems to be the only possibility for

detecting Po if it exists, ’Kaglon answered that at least in the Rochester
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cases of K3 decay, the p° was not possible. Markov then asked if,
from the upper end of the Kﬁ3 decay spectrum, one could exclude the
following dscay: |
» t te
K33 e+ )V + Yt s Yy,

This is in a certain sense like p — e + ¥ + V1,
O'Ceallaigh suggested that thers was no clear evidence on this point.
Markov commented that the following schemes exist experimentally:

Ko>p+ v
>n+ V4

S>e+ MV 4q°

Theoretically, then, it is hard to see why the others should not exist

also (for example; K > e + )/ ),

KAPLON described a K}13 event which thravs light on the neutral
decay particles (see Hoang et al, Phys. Rev. 101, 183L (1956) for
complete details)., Fig, 1k
shows the event which was
found in an emulsion exposed
to the X* beam of the cosmo- .
tron, A K* decays into an S~

identifisd p meson and an

electron pair. That the
light secondary is a m fole
lows from ionization and e*

seattering measwrements and

the ability to rule out all Fig. 1L
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decay schemes in which the light secondary could be & v meson, Fige 15

shows ths ionization diserimination

for the secondaries of sz, KeB’ KnZ'
For this event the light secondary
K:.2 has ionization in the trough. From
101
] Ke3 dynamical arguments, the K , decay,
8 y 2
. Kwro
N N A the sz radiative decay, the an,
4] the K , radiative decay, the T'!
24 decay ean be ruled out. Also, the
g .6‘# 15 light secondary camot be an elsctron;

hence K33 is ruled outs The only con-
Fig. 15 sistent explanation is that the light
secondary is a p-meson of 110 + 10 Mev kinetic energy. Assuming it is a
p-meson and from the measured electron energies one can determine the

upper limit on the neutral mass in the scheme

K’:3—))1"'+w°+x°

where X° is the unknown neutral. This upper limit is 75 Mev for this
event., For this event the neutral could mot be a p°,

If we divide the phase space for tha K;ﬂ - )1"' + 1f° + V into two
regions, (1) below 75 Mev, kinetic ensrgy of the p, and (2) above 75 Mev,
and then compare ths experimentally observed nutbers in these two regions,
carrected for biases, it was found that the experimental numbers agreed

with the phase space prediction.

S. GOLDHABER gave the most recent results on K , X~ masses, the
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Z = ~ £* mags difference, and K~ lifetime. These results come from

the following sources:

X' - mass Birge et al, Berkeley

K* - mass Webb, et al, Berkeley

K® « lifetime Tloff, et al, Berkeley, M.I.T.
and Harvard

Z”™ = Z% mass difference Chupp et al, Berkeley

Fig. 16 shows the mass measurements by the Richman group.

measurement s were done on

All mass

particles from a momentum

MEASURED MASSES AND STANDARD DEVIATIONS®
selected K* beam. Scanning

PRIMARY MASS SECONDARY MASS

was done along the track, and
therefore unbiaseds The first T 966.6¢ 1.9 966.1 + 0.7
column gives the mass as measwed Koz 9672022 9648428

Kep 966.7 + 2.0 9642420
on the track of the decaying K Kua 968 6
meson. The second column gives Kes 963 10
the mass as determined from the

Fig. 16

range of the decay products and

assuming a decay scheme. Note how consistent these two sets of values

are, indicating no significant difference in mass as measwed in these

two ways. There is no evidence here to support the Lee-Orear cascads

decay hypothesis.

For the K™ mass to X'-mass ratio, the value is

K" 3338 . 0,998 + 0,013,
K" mass
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Thus K~ mass = 96k my, for K* = 966.5 mge The method was to compare K,
x* ranges under the same geometry and in identisally selected momentum
beams., In order to take into account small asymmetries n™, n* ranges
were also measured (see Webb et al, Phys. Rev. 101, 1212 (1956) for com-
plete details of this experiment). In addition to this method, there

are four determimations of X~ mass from scattering on protons, namely
K- +p K" + pe.
The following mass valuss were obtained:

(1008 * 26 n_

White et al, Livermore ﬁ 980 ¥ 220 m,

+
\_993 = 1lm,

Bern group 979 ¥ 11 m
They seem to agrsee fairly well with the other determimation. It would
appear, therefore, that the K~ has the same mass as the k',
Last year at Berkeley the following event was seen, in which the
particles 1 and 2 were accwately collinear,
The event was interpreted as a X~ captwre

by a proton, namely

Ke+p—>F*+ "

+
L, s

Particles 1, 3 escaped from the emulsion,

Now, by assuming the K mass, one can find

the mass of particle 2 or vice versa,
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Another event, similar but not exactly the same, was seen., Again 1 and
2 are collinear, but 2 does not decay and

+
has a somewhat smaller rangs than the first ()

case, The interpretation suggested was
K*+p—» %= +1nt,

M.I.Ts also has one of each kind. Fig. 17 shows a table of these four
cases, Now you can assume that the L ¥, 7 ™ masses are the same and
then can caleulate K~ mass. The second particle, KMHl’ may have been a
decay in flight, hence the

et

indication that the r maSS Ewent Partiole Rangs b4 Asaume Assumm
Eattted Moo = Mot = 2327 & Duy Mo =N H5S e
Case Ar I&_ in g Case B: ”}7‘ "!:"

is a lower limit. It is X t 809 £ 40, 2Mesb P

Fen z‘ > 579428, >3558 23554 4
better to take the K mass as 5 | v | s, ox i

G I~ 691 £ 45, %17 2338+ 6
shown, since that now sesems

2. X" wmse by « range wthod {compr to M)

-8k 1 (1R, E M)
well measwred, and oaleulate v v

37 K wasa from decay tn f1ight
the Z*, 3 = masses. These T v
are shown in the last two
Fig. LY

columns of Fig. 17, Thus the
mass difference between &~ and L is about 1l m,o A similar mass
difference has been found in Lausanne,

The K™ lifetime has been determined by following along K tracks and

observing decays in flight, Fig. 18 shows the data from three different

Table 1

Results of determinations of mean lifetime of Ty~ mesons

Group Total proper Number of-decays Mean lifetime
time in flight n Tor-
K
-8 -8
Berkeley 3,96 x 10~ sec 4 0.99 x 10~ sec

Livermore 2.63 x 1078 sec 3 : 0.88 x 1078 sec
M.I.T. -Harvard 5.78 x 1078 sec 6 0.96 x 1078 gec

Total 12.37 x l[)-8 sec 'rl(_= 0'95‘:8:22" 10_8 sec
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groups, The first column is the total proper time, the second is the
number of deecays in flight, and the last column is the mean lifsotime from
each group., The totals and averages are shown in the last row. We see

that the K~ has the same lifetime as the K'. Fige. 19 shows a sumary of

all K particle lifetime measure-

~ KENEPTT) MOORGRS  2n 0seC ments, Tt is clear that all
— K'EXCEPT T) (6)COSMIC RAYS, 05 "
e
— T QiEvATRON, 02 measwements, in their present
— xeerfoguny
- KEXCEPT 1) [EICOSMCRAYS, 12 rough state, for various compo-
—,—— r'- BEVA .
—— K* EXCEPT T) {F ) EMULSION 13 nant-S Of ﬂle K'.(sz, KﬂZ’ ) and
—_—
— K EYTRON, e K~ are consistent with a unique
- K*
- OO value of the lifetime. Refer-
- Kes COUNTERS
—_— K BEVATRON T 18 ences for this figure are given
M——A—fo EWLSION§
e TS OF st in Phys. Rev. 102, 927 (19%6).

Fig. 19

ALVAREZ reported on a search for the Lee-Orear ywray{s) which would
result from their suggested cascade decay of the T to the © meson., This
suggestion was mads to explain why all of the properties of the T and o,
i.0.y masgs, lifetime, production, and scattering, are closely the same,
yat the Dalitz analysis of the T indicates that they camot hawe the
sams spin and parity, at least if we restrict ourselves to spins below 2.
The lee-Orear idea to circumvent this trowble was that the U should decay
into the @ with emission of y-ray(s) and the @ then would decay very much
faster than the T, say 10™10 sec; hence the lifetimes measured would
always be the same, namely that of the T, The 6 could also be produced
directly and decay with its own shorter lifetime. The process could, of

course, be 6 —>Te+ vy (+ ¥); however, in this experiment, because the
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detector detected K"2 decays, only the process Toe+ v (+y) could
be observed. The Lee-Orear schems, of course, was based upon the exper-
imental situation of a year ago when there appeared to be a (T = Kyp)
mass difference of 5 - 10 Mev. However, it is to be noted that now the
(T = Kﬂz) mass difference has been squeezed down to the order of 1 or
2 Mev; hence, there is not much room for the Lee-Orear y-ray(s).

Fige 20 shows the detector used in this experiment. It has pre-

viously been used for measuring

Ks Kyos T lifetimes, K mesons \
E

enter and stop in counter C. TFor 2 2'“Cu
// / WEDGE
example, to detect Kyo, y's from o 7 CER /K;;z
L —1]
n° decay must pass through B with- ¢ N L B \K“
) 41 T
out converting to elsctrons, then 2 . 3/g Cu+0.105" Pb

convert in the copper and lead and

trigger A, The counter demand for Fig. 20

ng would then be pulses from CDA

and no pulse from B, Now, fur the Lee~Crear y-ray counter, B was
swrounded by a scintillation guard counter, and it was demanded that,
in addition to the K o sigmture, counter B be triggered by a small
y-ray pulse but that the guard counter did not count. Events with
large puises in B, of course, were rejected since the y=rays expected

are only of the order of 1 Mev,
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Fige 21 gives the yw-ray pulse

¥ RAY PULSE MEIGHT (PLASTIC SCINTILLATOR) height distribution seen in coine
T '_[ T v H ]
-} BEFORE PLOTTING, THE "Kyy 7™ cidence with K events, Ome
— PULSE HEIGHT WAS MULTIPUED 72
[ | BY L4, THE RATIO OF THE
| ....I MAXIMUM COMPTON RECOL vy-ray pulse is seen in B for about
| o s ‘
1 ‘ ue ten Kgp events. Only one per cent
l I 0.68 Mev CALIBRATION )
| —£ 7 RAY (500 EVENTS) of sz events are so accompanied,
l"! Y (4 BT which is about the expected acci~
B
% | ﬂ dental background rate. Two checks
| . L__I were made. First, the pulse height
) ' : PULS; HEIG!:T ’ ¢ !
distribution was looked at and
found to be identical with an amie
Fig. 21 hilation radiation spectrum, as can

be seen in Fig. 21, The second

check was to put an absorber between counters C and B, and it was found
that the ccunting rate did not change. This indicated that positrons
resulting from the shower in the copper and lead absorber between A and B
were annihilating and giving ¥-rays which produced the pulses in B, A
simple Monte Carlo calculation showed that the expected number of such
v-rays was indeed about 10 per cent of Kﬂ2 counts. Therefore, no Lee~Orear
y-rays were seen with pulses of the order of 0,5 Mev or greater. The detec-
tion of the amnihilation radiation was good evidence that the detector
could indeed see 0.5 Mev y-rays.

An experiment by Osher and Moyer, to be described later, shows the
€ must have even spin. We have the following situation for spin and parity
for the T'and 0, A 0~ -» 0% transition requires two yerays and, in order
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for it to proceed rapidly, would require a mass differ-

Z 8 ence of 2or 3 Meve The 0~ - 2* transition also requires
-—0 —0 a mags difference of 2 or 3 Mev. Either of these transi-

—2 tions would thus produce y-rays easily seen in this exper=

iment. Therefore, this experiment, together with the
Osher-Moyer experiment, shows that the T does not decay via a y=ray to
the 8, The reverse, namely 8 = T + ¥, has not been checked but seems

less likely from other considerations.,

Discussion

lee suggested the spin of the T could also be 1* or 27, Alvares
commented that it would be simplest to have T and © the same particle,
perhaps something 1ike Marshak's suggestion that both are 2%, They
would shortly look for polarization by double scattering at Berkeley,
and if they get a leftright asymmetry they will, of course, forget about

this present T, @ dif ficulty.

BLOCK discussed two events which appear unusual. One involves the

decay of a positive particle, with some indication that the mass of the
primary is about 1500 elsctron masses., The second event involves a
photograph containing two nearby V's, one charged and one neutral. The
plane formed by the V™ contains the vertex of the V°, suggesting that

the VO is the neutral decay product of the charged V, i.e., the charged
V undergoes cascade decay into a #™ and V®, The plane of the V° does not
contain the vertex of the V™, indicating that if the above interpretation

is correct, the v° undergoes 3-body decay. The v° is compatible with an
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alternate decay made of a K meson. Under this assumption the V™ mass
is ~1500 my, The probability tmmt the V° and the V™ are not related,
but are produced separately, is ~ 5 x 10", Alternate interpretations
of the event as associated production in ths chamber floor are ruled out

from kinematics.

ALVAREZ reported on the work of Osher and Moyer (at the Bevatron)
who have investigated the 7° Modes of Heavy Meson and Hyperon Decay,
This experiment is essentially a refinement of the experiment by Collins
at the cosmotron, which was reported here last year. Fige. 22 shows the
experimental setup, The apparatus is essentially a very well collimated
yv-ray telescope which can move upstream or downstream from the target.
Fige. 23 shows data taken with a 1/8-inch copper target for best space
resolution of the decay slope of the 8° —» #° + #° decay mode. The
dotted line shows the normalized #° contribution direetly from the target,
determined by a run at the reduced energy of 0.8-1,0 Bev. The observed
y-intengity as a function of distamce from the target is shown for proton

energies of 5.7 = 6.0 Bev. Fig. 2lishows a similar curve but taken with

LA S S S S Meme e Seh S A

COUNTER AND COLLIMATION ASSEMBLY

Froat View U Side View
1 FY,

° MODES OF HEAVY'~. ]
MESON AND HYPERON
DECAY |

37- 40 Bav
178" Cu TARGET
W2 k1™ COLLINATION

ot COUNTER
TELESCOPE
CONVERTER
-

[ -

ﬂ.l:-

OBSTRVED dAMNA
INTENSITY

", / MONITOR

TangEr WO
Y CONTRISUTION

Y]
N

0001 by ] + q 5
BEAM DISTANCE FROM TARSET COLTRE Sm
—

TARGET PLUNGING FIOIIJ
e

-

Fig. 22 Fig. 23
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a 1/2~inch copper target. This shows the downstream side to contain

two well resolved components, probably from 8° and N° decay. At

these energies only 8° can go upstream; hence, the single component
there indicates the presence of 6°, Figs 25 shows the excitation curve
for the y-intensity at proton energies of 5.7 = 640 Bev, Lie8 = 5,3 Bev,
362 = 3,6 Bev, and 1,7 = 2,0 Bev, Note the disappearance of the upstream
8° contribution near 340 Bev and the fading out of the /\° contribution
on the downsiream side, The early analysis of the upstream and short-

lived downstream rediation yleld a lifetime near 1.5 x 10”0 sec. This

7% MODES OF HEAVY - MESON  _|
AND HYPERON DECAY 3

E
T° MODES OF HEAVY - o 5.7-6.2 Bev
MESON AND HYPERON  * : 448-53 Bev
DECAY 1 ®32-36 Bev

i 3 vi7-2.0 Bev

172" Cu TARGET
1724 1" COLLIMATION -

[+ 1] ot

OBSERVED GAMMA
INTENSITY MINUS
TARGET TT° CONTRIBUTION

2
T

N, /10° PROTONS

OBSEAVED GAMMA

N'/ MONITOR

°
T

001~

. LUCITE LiP
QEAM
—_—_

-

4 . ;.;Al‘llﬁ -4 [} 4 [ 12 [[]
DISTANCE FROM TARGET CENTER Cm DISTANCE FROM TARGET CENTER Cm

Fig. 2L Fig. 25

suggests the 8° — n° + #°, The branching ratio appears to be of the
order of unity., Likewise the long lived tail is consistent with the A°
—» 1° + n decay, though mixed with 8% ana 6° decay. The analysis has
taken into account: incident proton energy dispersion, Fermi internal

momentum distribution, and three-~body phase space distribution in the
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associated production act as well as assumptions of angular distribution.

The subsequent 6° decay was talen as isotropic.

It should be noted that

the collimation geometry and calibrated counter efficiency also enter into

the observed decay rate.

BEVATRON MAGNET
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§§§§§?§§ VACUUM §§§§§§%§
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N-P EXPERIMENTAL ARRANGEMENT

FOJLER presented a
single event which was
good evidence for the L ©
DN +et v +q.

The event was obtained by
exposing the Berkeley 35
atmosphere hydrogen dif-
fusion chamber to the high
ensrgy neutron beam at the
Bevatron. Fig. 26 shows
the experimental arrange-
ment. A 0° neutron beam
was used. Fig. 27 shows
the event found in the
diffusion chamber. The
n«p collicion shows three
charged outgoing prongs and
a A° that decays 1.6 cm
from the collision., One
of the charged prongs is

an identified negative electron.
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A positive prong has essentially the same space angle (within 2°) and
is assumed to be a positive electron. The third particle is very fast

and unidentified. Fige 28 shows a summary of the measurements made on

tl’B eventQ The Ao iS Well idﬁn“ :Tncl Charge | Measured M

Mev/c ;;r VO to be%u"‘ :m;;;nim:' Pasticle
tified since the proton has a b a4t 10 K
2 - 41al 1.0 o
large momentum and hence, for cal- o .
3 + 16207549 1o ,'};o
culation purposes, corrected momen- | o 400 15 | Prate
tum valws have been found for L and B 268414 20 o |«
‘(-1) Since the direction Aol thcA" is known and one of the decay particles is well
5 using momentm balame and a 37 ;::.l“h:;\gg..;i:eln:x:"nd'Ioh':lyobn::r:::.:;;.i::."t of momenta that fits 37 Mev
Mev Q. These are noted in Fig, 28, Fig. 28

Fig. 29 shows a summary of various possible reaction schemes and a com-
parison of the mass of the I © computed from this case with I'2 masses

measured by otherg, Note that, on the inter- Summary of calculations.

.
ntp-z°evti s

pretation of the associated production of RRLEE

~z%4 p09°

where I° - AD + e‘ et Q= IZOH")

-24

£ © and K, the % ° mass is calculated to be

1235 : g)z m, o In rather good agreement with

nip e +K + 0+
0% p 4%+ n°

4+ -
where ¥ e e +y

2: masses. It Shoj-ﬂ-d, however, be pointed Mass comparison,
+37

This case 1235_“

out that the reaction L8624

+
% from decays 119042 (1)

Z” from K~ capture 119623 (1)

(o] + 0
n+p—>A +K ¢+ns+qy ,
" trom sssaciaid Liesesota

-’ /\O & p L 60 4 "o {1) Piga Conference Report, 1955.

(2) W. Walker, Phys. Rev. 98, 1407 {1955).

where 7°— e* + 6™ + 4 are also allowed, Fige 29

+
FRY reported on the I = and on hyperfragments. A good part of the

charged hyperons resulted from the absorption of K*-mesons, Some also
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were found in high energy states., There are 12 cases of 7t 5 p+ #°

found in 3 emulsion stacks. All were calibrated in the sense that the
range energy relation has been established for each and normalized to
Barkas'! curves. m=-n decay calibration was used. The mean proton range

from the above decay is

Ep = 1669 ¥ 8 microns
and Ep = 18.84 ¥ 0.1 Mev
and Q = 116.1 ¥ 0.5 Mev

My = 2327.L 1 m .

In the error is included the straggling as experimentally determined and
the uncertainty in the n° mass.
Then taking the K~ stars and following all resulting tracks, the

branching ratio

R = Z+——>p+ 77:0

Z+"‘9 n+ >rc+
was found and is unbiased. This value is
-6 _
R - B‘ - lo

Fry reported that in twelve K~ absorptions, tracks were produced which,
at their ending, produced one-prong stars in eleven cases and & two-prong
star in one case. These are presumably tracks of L " which are then cap=
tured by nuclei in the emulsion when they come to rest. £ 2 have been
observed to deeay in flight. In all cases these % 2 were produced by K~

absorption. There were four examples of LY —y p + #° in flight and
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five £ = v~ + n in flight. From these data estimates of lifetimes
have been obtained. Considering all those cases which decay in flight

gives a lifetime by the maximum likelihood method of Bartlett of

Lok

T +‘n *
30,-‘-0.8

7 x 1071 goc,
The lifetime can also be obtained by evaluating the probability that
the T hyperons come to rest as woll as those that decay in flight. Again

considering both Z ' and ™, the value is

+ 0.9 _ . .0
1,41 0 .
oli " 0.27 x X sac

This seems inconsistent with the value above, It however is possible

that this value is large because the lifetime of the } ™ may be long come

pared to the ¥ and consequently only ) 2 decay in flight. Therefore, to
cbtain a clear group of L *, we can take only those which decay in flight

and only those identified L * which stop and decay and again calculate a

lifetime, This value is

+ o2 -
0.76 x 10 10 sec.

- o15

and is in better agreement with the value obtained for those deeaying in

flight. This may point to the I ~ as having a lifetim longer than the I *,
FRY next discussed hyperfragments resulting either fram high energy

interactions or the absorption of K -mesons. One hundred eighty cases

have been observed, of which half are clearly disintegrations of nuclear

fragments. About twenty are clearly disintegrations of bound /\° in

nuclear fragments, and four cases which are definitely nuclear fragments

but are not bound /\°. Table III tabulates these cases.
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Fra@nt
H

He

Ii

Z2>3

Noe. of Cases

6+1(2)
9 +1(?)
18

~ 1,0

Mesonic Non-Mesonic
6 1(?2)
5 L+1(2)
1 17

lisBe9
2
lisCor N

(?) Could be X hyperon and not a hyperfragment.

Table 111

In Table IV is tabulated the values of binding erergies,

Fragnent

No. of Cases

3

2

3 (all mesonic)
1

1 (mesonic)

1 (mesonic)

1 (non-mesonic)
1 (non-mesonic)
1 (non-megonic)
1 (mesonis)

1 (non~mesonic)

Binding Energy (Mev)

0e5 + 046, = 045 # 046, Ouli + 007
19 # 2,0, 1o7 + 046

309 + 1%, 040 + 2,0, 1,8 + 046
345 # 0.8

240 + 046

S + 046

Le9 + 245, L7 + 2.5

5.9 + 8

3.7 43

6.5 + 046

13+ 6

# This case is interpreted as a mesonic decay into a n°,

Table IV
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The four cases where A° does not fit as the bound particle are as fol-
lowg. There are two cases which look like fragments and give rise to K
mesong, Another case gives rise to a L0 Mev #, probably a Li fragment
and has & Q~100 Mev. Another has a proton of about 180 Mev with two

other tracks, giving a total emergy about 200 Mev,

CRUSSARD presented some cases of light hyperfragments, with their
binding emergies. These data as shown in Fig. 30. Note the long range
of the last hyperfragment /\Hh

HYPERFRAGMENTS with MESONIC DECAY
in this table, 22,5 mm.

Ry P s ent Secondarits . Binsing
1 tadone :
Ovigin |2 | Rante) Aalurs | Range | Enerey ~eevee Enaryy o g A
~ . - Mex Mgy
Fol€etp]s | 790 - 13 w80 MBSt b nts plap eT”
DiSGuSSiOH 3 v ] L ¥4 Wt :u!..n‘,,.fr' ~10l1 ¢
S —— A Ce————— veewotf < EZRIN P TR
F olluedpt 2 tew w 555‘; LI R-¥ Y ,.M‘f_»’m'.pn" 57299 (%)
v ar ) e LR He >N e pat
S« Goldhaber asked Fry what ] SOEREL L oo PRERRIE

I Y R o

a

Fojaronli 8 3000 SuSttyl . wt nd are | Jat i

37 tog félat

i3 300 ! 1| W e pet ] 1310
| 139w ted
'lh.! i Jetog

< D suso] sseon] e Sufar | i ton
Vo Tas 2.5

percentage of K~ stars give rise

Y fordsl 3

to hyperfragments, Fry answered b | fei]  Hfe

2 siipgw ]
’

1/200 Salant asked how the two X A peTt 389208 M

Rn«,a eargy reatoa o Serani o of.

mesons were identified which came
Fig., 30
from fragments. ¥ry replied that
he had used all possible methods. Both K-mesons had the same energy,

A~/ )|2 Meve S. Goldhaber asked what minimum length was required before

accepting an event ag a hyperfragment., For hyperfragments with 2 > 3,
for example, the track is usually very short. Fry answered that this
was true and that they had only two cases with Z ~ 6 where the track
length was long enough to allow a determination of Z. Breit asked how.

5 lived. Fry answered: of the order of 5x 10"'12 sec or longer.

5

long aHe

It can have a long life simce it is not trve He”, but Heal‘l plus a /\°.
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Thompson commented that the apparent difference in I'*, ¥~ lifetime could
be a possible explanation of the apparent lifetime differences for V+, v
in cloud chambers., One difficulty with this, however, was that the Ecole
Polytechnique group had looked for the neutrons interactions from ¥~ —
7~ 4+ n decay in a multiplate chamber and had found only one. Leprince-
Ringuet noted that 7.5 neutron stars should have been seen if all V~ were
indeed T ™, and if we suppose that all neutron interactions would have

been observed in the 1/2-inch copper plates.

FRIEDLANDER reported on a re-evaluation of the /\o Q value ag mea-
sured in plates, using the presently accepted range-energy relations. The
value remained the same, namely

3609 : 042 Mev

Either the Barkas er Baroni range-snergy curve can be used without appre-
ciable difference in this energy region,

A /\H3 hyparﬁ"agnent, analyzed by Brisbant and Iredale, decays in
flight top + #° + ?. The unknown is a p or d with equally good momentum
balance, The poor geometry of the event precludes a binding energy calcu-
lation. The proper time of flight was l.3 x 107 10 gec,

DALITZ discussed the nature of the /\®-nucleon force as deduwsed by

the binding energies of Ao in light nuclei. The mean values of the
binding energies for published events are:

A = 0,3 4 0,2 Nev

AHI‘ = 1ol + 0.4 Mev

AHe = 1.3 + 0.2 Mev

,\He5 = 2.l + Ouls Mov
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In this discussion the assumption is made that the AP and AN interac-
tions are equal. This is required for charge independence, and it is
verifisd by comparing the binding ermergies of /\H21 and AHeb'. Charge
independence implies also that the A-nucleon farce is not due to the
exchange of a single w=-meson but to several y-mesons or perhaps to the
exchange of Ke-mesons and is thus short ranged. Consider now /\He5 -y

+ N° and write the interaction seen by the /\° in the farm
f V(x = xt) P (xt)dxt ~ P(X)U’

where x is the position coordinate of /\°, and /A~ is the nucleon density
in the g-particle. T¥From electron-scattering experiments, Fhas an rms
radius of 1.6 x 10713 en , Which is much larger than the expected range

of the /\=nucleon force. Therefore, the integral above can be approxi-
mated by the right-hand side, where U is the volume integral of the inter-
action potential V., One can caleculate U, using the experimental shape and
range of /2, and obtains

- : 39 w3
Ua-particle 690 (Mev x 10™°7 cm”),

The same calculation is repeated for /\Heh, in which @ for the triton is
taken to be the same shape (Gaussian) as for the a~particle with an rms
radius chosen to give the observed coulomb energy difference betwesn H3

and HeB nuclei, One then obtains

Utpiton ™ 730

Now the pair of coupled protons in H3 should have an interaction with /\°

equal to half that for the a-particle, The interaction between A° and
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the odd nucleon in H3 is thus given by

»

- 1 = 0
Uodd nucieon dtriton g 3804

a-particle

DO

On the other hand, the mean /\o-—nucleon interaction, averaged over spin

orientation, is just % Uy particle® Since the e=particle refresents a

spin-saturated configurations

1
U N Ug-particle ™ 168,

)
Comparing this with Uodd-nucleon’ one concludes that the /\ =nucleon forca

has a rather strong spin dependence. To exhibit this fact, ome can write

T=Stl ~S__U
v oS + 1 Up"'zs+1 a

where S is the spin of A°, and U,

for spin parallel and anti-parallel states of the /\°-nucleon systen,

Ua are respectively the interactions

The separate magnitudes of Up and Ua can be deduced when it is known
which spin orientation gives the strongest attraction (which is, of course,

equal to U above): Consideration of the AH’" - /\Heh doublet

odd nucleon
will give us information on this point (see below).

As a check on the conclusions reached above, one considers next
hyper-tritium, AH> = 8%+ A°., The situation here is more delicate
becaugse of the possible distortion of g2 by /\o. A calculation with Hulthén

wave funetions for the deuteron gives
U deuteron 610 (without distortion)

which is reduced by distortion effects to the value

Ugeuteron ™ 580 (with distortion),
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However, the experimental radius for the deuteron is larger than that
glven by Hulthén wave functions, which did not take into ascount the
repulsive ecore between the nucleons. This means the deuteron radius

used in this caleculation is too small, and a better calculation may yet
increase Uggutepon 10 bring it into agreement with 2 U4y g0 0n (as
we would 1ike), The thing to be emphasized in this preliminary work is
that in each case ome is led to the conclusion of a strongly spin depen=-
dent /\o-nucleon force,

The next clue for the /\o-nucleon force comes from the disintegration

AHb’ —> 1~ + 0. The spin parity possibilities for the ( AH’“, AHeh)
dowblst are 0", 1*, 27, ete. If we could determine the spin of the /\H,‘l
state we would know the /\parity. Comversely, if we assume a certain
spin-parity for N\ then the spin-parity for the /\Hh system can be deduced.
As an illustration, assume that A° nas the spin~parity (1/2)*; then AHh
would be 1, This would mean that in AHL, the spin of the odd nucleon

is parallel to that of A°, i.64, U_ =T = 380, One then

p odd-nucleon
finds, from the expression for U, U, = = 480, i.e., Uy, >> Uye One also
concludes that the spin-parity for AH3 is (3/2)4'. In this manner, the
spin-parity for /\Hll and ,\H3 is determined for each a ssigmment of the
spin~parity of /\°. Therefore, an indirect test for the validity of

any spin~parity assignment of /\° is fumished by such reactions as
£ + Heol' = AHh +1°,

through a measwement of the correlation between the decay of /\Hh with

the direction of its production,
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KARPLUS reported an investigation of Ruderman and Karplus on the
gspin of /\o. This is similar to considerations made by Primakoff which
foliows, Karplus and Rudermann consider the competition of the two

schemes of decay

I

AN =p+n
B p+ A°>p+n

The second process can be considered as a two step process, namely
p+ A9 p+p+(n) virtml = p + n.

Suppose in A that the w-meson carries away an angular momentum ,Z ¢ Then

2 L

the dependence of the decay rate on,l is given by q where q is the
meson momentume In B p + n must also be in a state of relative angular
momentuml; hencs the AL ~dependence of the rate of this reaction is given
by kz’Z where k is the relative momentum of the nucleons. Thus the ratio,

R of the rates B to A is

- Rate B . ok 2/
Save D = (k)"
Rate A q

2.4

Now (k/q) ~L; bence (k/q) Nl?'é s which is fairly large. The con-
stant C above does not depend upon the /\° interaction constant, since it
appears as a factor in both A and B. It does, however, depend upon the
interaction of the m=mason with the proton, for which the Chew non-relati-
vistic pseudoscalar theory was used. It also depends upon the density of
protons which are available for capturing the pion. Furthermore, the bind-
ing energy of the A° (for H and He) is small; hence the /\° spends an

appreciable time outside the nucleus. This reduces further the probability
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of the virtual process. Taking all these points into aecount C was cale

culated, and the following Table V was constructed, where E, is the bind-

ing energy in Mev. Now Ep, in H and He is about 1 Mev, and the ratio R is
about 1 in He (see results of Fry). This

R suggests /= 0; however, _{£ = 1 cannot be
\E 1/2 excluded since the evaluation of C was not
0 0.
" / sufficiently precise. Thus the conclusion
- 1/2
1 608 E, is that £ = 0, 1 are allowed and the A°
- 1/2 can have (1/2)" or (1/2)*, (3/2)* as spin
2 120 E,
/ and parity. One important assumption
1/2
3 2000 E,, involved in the evaluation is that the radius
of the A° is small compared to the distance
Table V

ovaer which the angular momentum barrier

o
extends, The A nust have a radius larger than 2 or 3 x 10']'3 em to inva-
lidate the assumption. This work has appeared in Phys. Rev. 102, 247 (1956).
This evidence, togsther with that presented by Primakoff (see following

report), makes (1/2)" most likely for the spin amd parity of A%,

PRIMAKCFF next presented his work on the ratio of the mesonic and
non-mesonic decay rates of hyperfragments, He is mainly interested in
the dependence of this ratio ‘ﬁi, in the same notation as that used in the
previous paper by Karplus, on the mass number A and atamic number Z of the
hyperfragment, Let T’A be the mean life of a bound hyperon for mesonic

deoay, and tB the corresponding mean life for non-mesonic decay. Then

YTy
7T, 7
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where 77 is the probability for a real pion, upon emission by the /\°,
actually emerging fram the fragments In the range 3< A £20,# is
approximately unity. Earlier work by Cheston and Primakoff (Phys. Rev.
92, 1537 (1953)) has shown that

/Ty = AK(4,2) (U/7)

where T; is the mean life for the mesonic decay of a free /\o, and
K(A,2) is a function which increases rapidly with A in the region 3< A £ 7
and then remains approximately constant. In fact, from A = 3 to A > 6,
K(A,2Z) increases by a factor of about 5. In the work of Cheston and
Primakoff, the assumption was made that 1/'1’A ar 1/’5‘0, with the result
that R increases with A essentially like A K(A,Z). Reeent experimental
results show, however, that R increases with A much more rapidly than
that, A re-examination of the earlier work shows that the assumption
1/T A;‘.,-’1/‘1" . is unwarranted. In fact, one can ses that 1/7, should
decrease with inereasing A, duwe to the inhibition of the rFauli exclusion
principle against emission into the residual nucleus of the relatively
low moment um protons arising from bound- /\°->, p+n . The Pauli inhi~
bition factor I(4,2) is introduced by writing

/0, < 18,2) (/7).

Consequently,
R = AK(4,72)

I(4,2) °

It is clear that I(4,2) decreases rapidly with A, and a rough calculation
fitted to the experimental binding energiss of the hyperfragments, yields
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the result that
I 1forA=30rlk,2=1,

I 22 04,05 for heavier hyperfragnents.

On this basis, one can expect R to increase by a factor of some 200-400
between A = 3, Z = 1 and, say, A - 12, Z = 6, and further me can expect
that the mean life, T = (1/"['B + /T A)"'1, of the hyper fragments should
be roughly independent of A, Z. A similar inhibition effect due to the

Pauli principle also occurs in the capture of negative mesons by nuclei,

leey p" + pyn +2/, Details are in press in Nuovo Cimento.



