
V . Thursday Afternoon: Properties of Heavy Mesons and Hyperonsj 

Fig . 1 

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

masses where appropriate. The Barkas values obtained by comparing the 

and K ranges are essentially independent of R-35 (range-energy) curves. 

Baroni R-E curves give slightly higher masses than the Barkas R-E curves. 

M.I .T . has also performed an experiment to obtain ( T + - K*) mass differ­

ence and found h + h 1%. F i g . 2 shows the mass determinations for K" 

mesons. Bon. 

L . Alvarez presiding. 

LEPRINŒ^INGUET gave the introductory summary covering most of the 

published results on heavy mesons and hyperons. Since most of these data 

have been published, details w i l l be spared in this report* Fig* 1* shows 

the mass measurements of K^'s. 
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The details of the Berkeley experiment on K-aasses are given later in this 

report by S. Goldhaber. F ig . 3 shows the lifetimes of K*»s as measured by 

emulsions and counters using machine K* beams* I t should be pointed out 

that Keuffel and Mezzeti, Robinson and Hyams hare made the f i r s t such 

measurements using the cosmic radiation. Their results are in very good 

agreement with those shown in Fig . 3* Bon. 

Fig, 3 



Note here that there are no lifetime measurements for KJ33 and Kj£j# These 

are very cliffietilt to measure with counters* However, one can get son» 

idea of their lifetime by comparing the fractions of and Kjjg to other 

Kf^s found in escrimants which observe K* fs at different times of f l i g i t . 
4* 

For example, one can compare these ratios in an experiment in the K 

Berkeley beam in which the time of flight is ^ l#f> x H T 8 see and in the 

Ecole Polytechnique stack exposed directly to the proton beam where the 

K fs had a time of fl ight of $ x 1D~^° see* The proportions are about the 

same in the two experiments, hence KJ33 and cannot differ greatly in 

lifetime from other K* f s . Bon# 

The following is a br ie f summary of seme additional observations on 

heavy me sons» For the X * we note the following points: 

The Q value is Amaldi's given at Pisa* 

( b ) Bombay has seen which requires a 32 Mev *f~T9Ly to balance 

energy and momantum* In some 96 T « s , Bristol has seen two 

non-coplanar cases* These suggest the possibil ity of internal 

bremsstrahlung* 

(c ) From the Dalitz aralysis spin and parity are ( f • 

(d) The frequency of f t * tr* • 2ir° i s aboat 20 per cent of T + * 

there is no definite proof that i t 

However, some anomalous V° have Q values consistent with X°c 

V»3. 



For the and K* 2 there is essentially nothing in addition to the 

"iass and lifetime measurements already given. Abundance at production wi l l 

be reported at a later time in this conference. I t can be pointed out that 

recently Dublin and the Ecole Polytechnique have observed the H ° from K* 2 

to decay into 2e • Y» 

At present about 30 cases of have been found* The results 

now favor the ^ + ff° + V decay scheme, where the maximum energy 

of the u is 130 Mev. Some cases of high energy y. secondaries have now 

been found (^90 and 110 Mev) and in Rochester the T T ° in the decay has 

been inferred from the observation of high energy electron pairs presumably 

arising from the alternate decay mode of the tr 0 . These observations make 

the above decay scheme appear quite certain. (See Crussard1s discussion 

later*) 

There are now about 25 cases of The observed maximum secondary 

energy is around 260 Mev. I f the decay scheme is — » e 4 tr° • V the 

maximum electron energy is 230 Mev. Attention should be called to possible 

biases in the data since low energy and high energy secondaries are 

easily missed. Crussard w i l l discuss this in more detail later. Note 

that not a single example of Kp has been recognized in cloud chambers. 

This most l ikely is because of their relative scarcity. 

For the 6° we note the following points: 

(a ) 9° - » * if* * tf" + Q («• 2lU + 5 Mev. Thompson et a l ) , 

(b) Ecole Polytechnique now has one case in which both secondaries 

interact in the multiplate chamber. This confirms Thompson's 

statistical evidence that both secondaries are n-mesons. 



( c ) Lifetime & 1.7 + °*f x 10~ 1 0 see (Gayther). 

(d ) Spin-parity both odd or both even. 

( e ) Alternate mode of decay: 0° —>fr° + tr° (see Osher and Moyer 

results later)O I f i t exists i t 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 i s less clear 

even with respect to a knowledge of the deoay modes* This arises because 

most K-particles observed in emulsions stop and are abosrbed in a nucleus 

rather than decay* While in cloud chambers i t has been found that V~ 

events are of higher energy when observed in the cosmic radiation and i t 

is thus more diff icult to identify decay schemes* The T "* if + ir* + tT 

has been observed in cloud chambers at Cal* Tech*, Manchester, Paris and 

Fretter*s group a t Berkeley* This identification is positive and unambigu­

ous* Princeton may have a T ' ' * * but this case is based on knowledge of p*, 

the iT momentum in the center of mass coordinates, and is not an absolute 

proof* As for the existence of the Kjjg and X " ( K ^ t h e r e h a v B b e 9 n indi­

cations again from p* values that one or both modes exist but again the 

proof is not complete* Paris observed a single case of a probable K*^ in 

which the charged secondary interacted, was therefore a rT and two electron 

showers were seen, most l ike ly from the tr°* This interpretation was com­

pletely consistent but was of such high energy that in fact i t could have 

been a within an error of two standard deviations* Recently Ekspong 

and G* Goldhaber at Berkeley have seen two K-decays in f l ight in emulsion* 

One has been found to be a K"*?, the other a KT-* The KJJ? identification 
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depends on a mass measurement of the n secondary which left the stack* 

Now we summarize the properties of hyper oris. 

The A ° - * T • * • § ( - 37 • 1 Mèv) has a lifetime T - 3.7 * x 

10" 1 0 sec. Additional data on the Q value, published by Fretter*s group 

at Berkeley, the Princeton group, and Bristol (reported later in this 

meeting by Fried! ander) have only confirmed this without changing the Q 

value. An experiment of Osher and Moyer, reported later , w i l l bear on 

the question of the alternate mode A°"~^ n 4 A 0 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 

The Z* has two decay modes, 

with a branching ratio of approximately unity. The second Q has been 

well measured since the range of the proton is only I680u and usually 

stops in the emulsion. There is some evidenc e 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 T T ° in the other decay mode. Several measure­

ments of lifetimes of £ - have been made* These are 



> For decays in f l ight only. 

Including IT at rest . 

The las t value of Fry takes into account particles decaying at res t and 

the discrepancy might be explained i f the £ ~ had a longer lifetime than 

S + and 2I + decayed predominantly in f l i ght . (See Fry's discussion 

la ter . Also Steinberger's direct 2 " lifetime measurement.) 

The £ " has previously been identified in the Brookhaven diffusion 

chamber, Fetter's cloud chamber and in emulsions. Recently, 3 2 " 

(rea l ly T* as they are identified only roughly as to mass) have been seen 

to stop and give rise to hype r fragment s. These were observed by the 

Padua, Chicago and Lausanne groups. Considerable new information about 

the Z " w i l l be given during this conference (see S. Goldhaber as wel l 

as others) . 

The evidence for the 2 ° rests on the work of the Brookhaven cloud 

chamber group and Walker et a l on associated production of 8° + A 0 . In 

some cases energy and momentum does not balance in an apparent T T " + p —* 

9° • A ° reaction and suggests a £ ° was produced which decayed immediately 

to A 0 • Y ( s e « Fowler la ter in this conference) • As yet the Y has not 

been observed* 

The 3* " byperon is now well known even though there are only about 

10 known cases* The decay is 2 " "~* A 0 + ir" + Q ( » 6$ + h Mev)* I t 

i s known that the charged secondary is a w" since i t has been observed 

V-7 . 
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(Paris group) to interact in a cloud chamber plate* The mean l i f e is 

unknown, but i t seems short* Gell-Mann, Pais and others predict a 

neutral Hwever, this w i l l be difficult to detect since i t pre­

sumably decays into A 0 • ir°* A few S m have been observed in emulsions, 

at least their Q values seem about correct. Cal* Tech* has seen the pro-

duct ion of ~ 4 ®° + 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 Eiseriberg event in which a T (measured mass ^3220 

• 700 m^) seems to decay into a K (measured mass 8£0 m^) which later 

produces a super or star and is thus negative* The Q value is about f> Mev 

for a two-body decay* Fry has observed a K" meson of k3 Mev being ejected 

from the secondary star produced by a hyper fragment* In this case the 

total energy in the star is greater than f#Q Mev* Fry also has reported 

two hyper fragment s decaying with energy releases larger than that associ­

ated with a bound A 0 * Another hyper fragment with an anomalous Q has 

been found by tte Rome group* 

Perhaps a few comments should be made with respect to the events 

seen in cloud chambers in the cosmic radiation* For the Y*, the major 

portion appear to be slow and p* analysis indicates that a large fraction 

of slow V* are Kj^ K*g* 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 T + * The mean l i f e appears long 

( ^ 10-8 S e c ) , except for one observation by the Princeton group on K* 
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particles which gave a lifetime ^*5x 1<T 1 0 see. This is the only indi­

cation of a short lifetime component* The situation with V~ is less 

clear* First the number of V"* is comparable to the number of V + , but 

they are considerably more energetic than V + and appear to have a shorter 

lifetime* Most secondaries of V~ interact and are thus rr-mesons most 

likely* Since 3« **$ t%m seem rare, perhaps the V~ are prédominantly 

£ • or K j 2 t This* however, i s far from proved* 

The last point i s the anomalous V°* This is a neutral decay which 

fits neither the A 0 or 0° § values* Q values based on decay into 2rt 

mesons range in more or lass continuous fashion from low values "Wew 

tens of Mev up to the Q of the 0° (21ii Mev)* Some wi l l f i t with T ° 

w4, 4 tr~-tfr° for example* Others wi l l not* Block et a l , Cowan, Harmon 

have given evidence that one type of anomalous V° has an electron as one 

decay product* Other possible decay schemes for anomalous V° events 

are 

O + m 

Also one should not forget that electron pairs from rr —> e • e • y 

can simulate Y° (see Peyrou later in this report)* The question of the 

neutral decay schemes is open and merits considerable work* 

QOTTSTEIN was elected by those who had contributions on the Tnneson 

to combine the results into a single talk. The following people contri­

buted! 
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Table I 

K. Gottstein, Max-Planck Institut fur Physik, Gottingen, Germany 

A, Berthelot, Saclay, Gif-sur-Yvette, France 

J. 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 

G. G. Harris, Columbia University, New York 

C* O'Ceallaigh, Dublin Institute for Advanced Studies, Dublin, Ireland 

Gottstein pointed out that this summary would not be as we 11 done as he 

would have liked i t 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 ~t9 ~t* and K mesons. These were the combined results of 

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

the right* 
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Next, Gottstein reported a careful investigation of the *f % value 

by the emulsion groups at Milano, Brussels, Genova, and Saclay. (Ed« 

note: we insert here a summary of this work prepared by A # Berthelot 

which amplifies sl ightly Gott stein 1 s remarks ©) 

**We have measured the Q value of T? decay at rest in photographic 

emulsions by a method designed to be independent of the choice of any 

particular range-energy relation* 

*After carefully testing that the three branches are coplanar, we 

measure the three angles « 2 , « 3 between the branches. Choosing an 

arbitrary value for i t is possible to calculate from energy and momen­

tum conservation the kinetic energies B p Eg* E^ of tte three fffs# The 

measurement of the corresponding ranges gives three points of a range-

energy relation for pions» I t i s possible then by the measurement of a 

sufficient number of t f s to determine a range-energy relation which is 

dependent of tte value chosen for 

K i n the same stack> the range of ji from TT decay at rest is measured 

and converted to a tr range by use of the ratio Then Q is chosen 

so that the range energy curve f i ts 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 detemined in the interval k*$ to 56 Mev 

by 81 points on the assumption that i t i s l inear in log E, log R coordi­

nates • The best Q value deduced from them i s : 
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1 1 The quoted error is the one which results from the estimated exper­

imental errors* I t does not include that which results from the uncertainty 

Gottstein continued with a discussion of methods of finding informa­

is the triangle plot of Dalitzj 

2* the Fabri calculation of the probability that the itm has smallest 

energy, the middle energy or the largest energy among the three 

decay Tr fs (Fabri has calculated these probabi l i tés for different 

3* the angular distributions of Costa and Taffara at Padova (these are 

the angular distributions to be expected of the angles between the 

Tf mesons); 

U# the Dalitz cos 0 distribution, where 6 is the angle between the 

direction of the tr meson and the directions of the 2tr* mesons in 

their own C«M»$ 

5* the iT energy distribution of Dalitzj 

6* the polarization test suggested by Thirring* 

I t i s , of course, obvious ttiat biases in scanning could seriously 

affect conclusions drawn from the above tests which are statistical 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 I I shows some scanning information* 

tion on the spin and parity of the T 0 These are: 

spin and parities of tte ^ ) j 
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Table I I 

Fig* h shows a Dalitz plot* I t does not contain a l l events listed 

above but shows fa ir ly clearly the uniform distribution of points which 

is typical of the spin 0" particle* The solid curve was calculated with 

non-relativistic kinematics and the dashed curve, relativistic* Fig* $ 

shows for comparison a hypothetical distribution for spin 1" and for 1+* 

(Note: These figures were from Q* 6* Harris* Columbia University*) 

Fig. h Fig* $ 
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Fig . 6 

Fig* 6 shows the tr energy distributions from the Qottingen data* We 

see the symmetry of the ff4 energy about 21*. Mev* Note that the iT 

energy is not exactly symmetrical, being weighted a l i t t l e on the higher 

side* The Colimbia data shows this same behavior for the if-* energy* 

Gottstein commented that he had received froiL Berkeley an energy d is tr i ­

bution of ir fs from the T * * and this distribution appeared uniform* 

In Fig* 7 the data of Fig* 68 have been divided by the phase space 

factors* Also included are the theoretical curves for various spins and 

parities calculated by the M*I*T* group* For the case 0"" one would thus 

expect a uniform distribution* This* of course* asstraes (a ) that the 



Fig. 7 

matrix element is energy independent and (b) the outgoing it 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 

Amaldi's Pisa report and Bristol data. I f you draw a straight line 

through the points, the best line would seem not to hare zero slope 

(0") or slope • 1 ( 1 + ) but somewhere 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 1*, even perhaps with 2" or higher spin. Those spins and parities 

which appear excluded are 1", 2 + and $• However, i f the f has spin 
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Fig. 9 

Fig . 8 
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greater than 1, then i t might be polarized. Thirring has suggested 

that the X should have a high probability of maintaining this even i f 

i t is slowed down in dense material. However, a l l groups consistently 

find no correlation effects in the angle between the plane of decay and 

the incoming direction of the T' , This test was proposed by Teucher, 

Thirring and Winzeler. Fig. 10 gives experimental results on this angu­

lar distribution for X mesons and mesons* The dotted line corresponds 

to uniform distribution per unit solid angle* This test shows isotropy 

both for t » s and KL-mesons* 

Fig. 10 

Gottstein noted that either 0*, and 1* taken alone did not l i t the 

data wellj however, a mixture of two kinds of Tmesons, 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 a l l been altered by such effects as tr • tf inter­

actions, etc* 
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CRUSSARD presented a paper on K^£, Kp^ spectra combining data ftom 

Dublin, Bristol, Berkeley, Rochester and Ecole Polytechnique* 

The Kp are found by measuring f lat secondaries of a certain length, 

usually 2 em length or more* There is a bias against finding very slow 

Discussion 

Harris commented that when a l l the data was taken together, then one 

saw that there were more rtm mesons of energy greater than 21* Mev (one-

half of total possible) than less than 2k Mev* This is only a slight 

asymmetry* Furthermore, the total evidence favored 0" over 1** 2T can­

not be distinguished from (T* 

Ed* Note: The new extensive Tdata from the Padua group (about 30# 

of the total Tdata) is summarized below* 

190 tau* mesons from two large stacks exposed at 90° to the K* beam 

from the Berkeley Bevatron are in good agreement with the Dalitz, Fabri 

and Costa-Taffara distributions for zero spin and negative parity, while 

the probabilities for the combination 1+, 1-, 2+ and 3~ are a l l very 

small* Particular evidence for even spin and odd parity comes from the 

low end of the pi"* energy spectrum* 

51 events were found by scanning along the tracks} the remainder by 

area scanning* The acceptance criteria were (a) at least two pions end 

in the emulsion, so permitting identification of the negative pion, (b) 

coplanarity within the experimental errors, and (c) a Rvalue of 75 • k MeV*, 

derived from the pion ranges and momentum balance* The decay planes appear 

to be oriented at random both with respect to the emulsion and to the K* 

beam: this is taken to mean that the sample is free from bias* 
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ones and against very fast ones which leave the emulsion stacks too soon* 

Fig* 11 is the secondary energy spectrna for 26 cases* This includes 

5 old cases, G«Stack $ cases, Dublin 6 cases, Ecole Polytechnique £ eases, 

Richmanfs group a t Berkeley 2 cases, Rochester 2 cases, the M*I*T*~ 

Berkeley-Brookhaven collaboration 1 case* The energy values are not 

corrected for bremsstrahlung loss* I f this correction is added i t 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 

—> e • 2/ (neutrino) 

where the mass of K f t 9 « h9$ Mev* The arrow (3) indicates the maximum 

Fig. 11 
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energy the electron may hare i f i t comes from the decay 

where KQ„ has the mass * ii95> The cases near the upper limit may 
p3 

be a slight indication for the K^ 2 «iode. I t is premature to say more» 

For the K ^ , the data was broken down into an unbiased group, and 

a second group less systematic a l l y selected. Dublin contributed 12 cases, 

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

cases. These are unbiased in the sense that the events are selected for 

secondary potential range and have measurements on at least k em path 

length. Fig. 12 shows these 19 cases together with a rough phase space 

curve for the decay 

The two cases indicated with the crosses are from Dublin and they are 

s t i l l in process of analysis and should be considered at this moment as 

tentative. The data f i t s reasonably wel l with the p • V • w° 

decay, but does not f i t with either 

or 

F i g . 13 corresponds to the less-well selected group. The contributions 

to this curve are as follows: 



F i g . 12 

Fig. 13 

V-21. 
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In this group there is a large bias toward finding low energy secondaries* 

However5 a correction has been applied to f i l l in the spectrum, by calcu­

lating percenbags of among a l l K*s rattier than adding numbers of cases* 

Following Stork1 s approach of the problem, we have divided up the data 

into three categories: (1) Kp$ found in direct scanning} (2) secondary 

not measured very extensively, mostly by grain count} (3) secondary mea­

sured extensively} and corrected them accordingly. One sees again that 

this group also f its well with the + l) + ff° decay I 

Discussion 

Markov asked i f there was a possibility that a decay of the type 

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

detecting uQ i f i t exists. Kaplon answered that at least in the Rochester 

which would be the symmetrical charge analog of 
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oases of ï^j decay, the ja° was not possible* Markov then asked i f , 

from the tipper end of the Kj^ decay spectrum, one could exclude the 

following decays 

This is in a certain sense like 

O fCeallai^i suggested that there was no clear evidence on this point* 

Markov commented that the following schemes exist experimentally: 

Theoretically, then, i t i s hard to see why the others should not exist 

also (for example^ 

KAPLON described a event which tfcrars light on the neutral 

decay particles (see Hoang et aL, Fhys* Rev* 101, 183k (1956) for 

complete details)* Fig* lU 

shows the event which was 

found in an emulsion exposed 

to the K* beam of the eosmo-

tron* À K4" decays into an 

identified p. meson and an 

electron pair* That the 

l igrb secorxiary is a jx fo l -

lows from ionization and 

scattering measurements and 

the ability to rule out a l l Fig. lit 



decay schemes in which the light secondary could be a w meson* Fig* 15 

shows the ionization discrimination 

for the secondaries of K^g, K ^ , K^* 

For this event the l ight secondary 

has ionization in the trough. From 

dynamical arguments, the decay* 

the radiative decay, the K f f 2 > 

the Kff2 radiative decay, the T » 

decay can be ruled out. Also, the 

light secondary cannot be an electron; 

Fig. 15 

hence is ruled out • The only con­

sistent explanation is that the l ight 

secondary is a jvmeson of HO • 10 Mev kinetic energy. Assuming i t i s a 

u-meson and from the measured electron energies one can determine the 

upper limit on the neutral mass in the scheme 

where X° is the unknown neutral. This upper limit i s 75 Mev for this 

event. For this event the neutral could not be a ̂ n0* 

I f we divide the phase space for the KJg ja + • T T ° + V into two 

regions, (1) below 75 Mov» kinetic energy of the p9 and (2) above 75 Mev, 

and then compare the experimentally observed numbers in these two regions, 

corrected for biases, i t was found that the experimental numbers agreed 

with the phase space prediction* 

S. GOLDHABER gave the most recent results on K , K* masses, the 
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£ " m S + mass difference, and K*" lifetime. These results come from 

the following sources: 

Em » E* mass difference Chupp et a l , Berkeley 

Fig* 16 shows the mass measurements by the Richman group. A l l mass 

measurements were done on 

MEASURED MASSES AND STANDARD DEVIATIONS* 
particles from a moînantum 

selected K* beam* Scanning 

was done along the track, and 

therefore unbiased* The f i r s t 

column gives the mass as measured 

on the track of the decaying K 

meson* The second column gives 

the mass as determined from the 

range of the decay products and F i g # 

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

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

two ways* There i s no evidence here to support the Lee-Orear cascade 

decay hypothesis* 

For the YT mass to K^-mass rat io , the value is 
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They seem to agree f a i r l y wel l with the other determination* I t 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 accurately collinear. 

The event was interpreted as a T capture 

by a proton, namely 

IT • p Z* * n" 

1 — * it* + n 

Particle s 1, 3 escaped from the emulsion* 

Now, by assuming the K~ mass, one can find 

the mass of particle 2 or vice versa* 

Thus K~ mass • 96k nig, tor K* • 966.£ mQ, The method was to compare K**, 

K* ranges under the same geometry and in identically selected momentum 

beams. In order to take into account small asymmetries rT, it* ranges 

were also measured (see Webb et a l , Phys. Rev. 101, 1212 ( 19$6) for com­

plete details of this experiment). In addition to this method, there 

are four determinations of K" mass from scattering on protons, namely 

KT + p —*K"" • p . 

The following mass values were obtained. 
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Another event, similar but not exactly the same, was seen. Again 1 and 

2 are colline ax, but 2 does not decay and 

has a somewhat smaller range than the f irst 

case. The Interpretation suggested was 

M.I .T . also has one of each kind. Fig . 17 shows a table of these four 

cases. Now you can assume that the 2 " masses are the same and 

then can calculate K~ mass. The second particle, K j ^ , may have been a 

decay in f l ight, hence the 

indication that the K"" mass 

is a lower l imit . I t i s 

better to take the YT mass as 

shown, since that now seems 

well measured, and calculate 

the 2? +, S " masses. These 

are shown in the last two 

columns of Fig . 17. Thus the 
Fig. 1/ 

mass difference between and £ * is about lb m • A similar mass 

difference has been found in Lausanne* 

The K~ lifetime has been determined by following along ïT tracks and 

observing decays in flight* Fig* 18 shows the data from three different 
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groups* The f irs t column i s the total proper time, the second is the 

number of decays in f l ight , and the last column is the mean lifetime from 

each group* The totals and averages are shown in the last row* We see 

that the IT has the same lifetime as the K*« Tig* 19 shows a summary of 

a l l K particle lifetime measure­

ments* I t is clear that a l l 

measurements, in their present 

rough state, for various compo­

nents of the K*(Kp2, K w 2 , ) and 

KT are consistent with a unique 

value of the lifetime* Refer­

ences for this figure are given 

in Phys* Rev. 102, 927 (19$6). 

Fig. 19 

ALVAREZ reported on a search for the Lee-Orear y*?a,y{s) which would 

result from their suggested cascade decay of the X to the 0 meson. This 

suggestion was made to explain why a l l of the properties of the X and 8, 

i*e*, mass, lifetime, production, and scattering, are closely the same, 

yet the Dalitz analysis of the X indicates that they camot have the 

saiîB spin and parity, at least i f we restrict ourselves to spins below 2* 

The Lee-Orear idea to circumvent this trouble was that the X should decay 

into ihe 0 with emission of Y~ r a 3K s ) a r*d the 0 then would decay very much 

faster than the X, say IQT^ sec; hence the lifetimes measured would 

always be the same, namely that of the X * The 0 could also be produced 

directly and decay with its own shorter lifetime* The process could, of 

course, be 8 U y ( + Y)î however, in this experiment, because the 
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detector detected Kffg decays, only the process T-*E + y (+v) could 

be observed. The Lee-Orear scheme, of course, was based upon the exper­

imental situation of a year ago when there appeared to be a ( X *» K ^ ) 

mass difference of $ - 10 Mev. However, i t is to be noted that now the 

CC*» K ^ ) raass 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)• 

Fig. 20 shows the detector used in ihis experiment. I t has pre­

viously been used for measuring 

5q2' *Sr2> ^ lifetimes. K mesons 

enter and stop in counter C. For 

example, to detect K ^ » Y* 8 from 

tr° decay must pass through B with­

out converting to electrons, then 

convert in the copper and lead and 

trigger A, The counter demand for 

15̂ 2 would then be pulses from CDA 

Fig, 20 

and no pulse from B« Now, for the Lee-Orear Y~ r a 7 counter, B was 

sir rounded by a scintillation guard counter* and it was demanded that, 

in addition to the signature, counter B be triggered by a small 

Y-ray pulse bub that the guard counter did not count* Events with 

large pulses in B, of course, were rejected since the y * * ^ expected 

are only of the order of 1 Mev0 



Fig . 21 gives the *f~TB>y pulse 

height distribution seen in coin­

cidence with Kff2 events. One 

Y-ray pulse is seen in B for about 

ten Kp2 events. Only one per cent 

of events are so accompanied, 

which is about the expected acci­

dental background rate. Two checks 

were made* First , the pulse height 

distribution was looked at and 

found to be identical with an ami -

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 i t was found 

that tfie counting 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 Y-^ys which produced the pulses in B . , A 

simple Monte Carlo calculation showed that the expected number of such 

Y-rays was indeed about 10 per cent of Kffg counts. Therefore, no Lee-Orear 

Y-rays were seen with pulses of the order of 0.£ Mev or greater. The detec­

tion of the annihilation radiation was good evidence that the detector 

could indeed see 0.$ Mev Y-rays* 

An experiment by Osher and Moyer, to be described later, shows the 

0 must have even spin. We have the following situation for spin and parity 

for the ^and 0* A O " - * 0* transition requires two Y*rayB and, in order 

V-30. 
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for it to proceed rapidly, would require a mass differ-

JL. — ence of 2or 3 Mev* The 0~ - 2 * transition also requires 

<f 0 + a mass 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 f does not decay via a Y - r a 7 to 

the 0* The reverse, namely 0 ~» T + y* bas not been checked but seems 

less likely from other considerations* 

Discussion 

Lee suggested the spin of the X could also be 1 * or T% Alvarez 

commented that i t would be simplest to have T and 0 the same particle, 

perhaps something like Marshakfs suggestion that both are 2 * * They 

would shortly look for polarization by double scattering at Berkeley, 

and if they get a leflwright asymmetry the y wi l l , of course, forget about 

this present T $ 6 difficulty* 

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 electron masses* The second event involves a 

photograph containing two nearby V f s , one charged and one neutral* The 

plane formed by the contains the vertex of the V ° , suggesting that 

the V e is the neutral decay product of the charged V, i*e*, the charged 

V undergoes cascade decay into a tr" and V°* The plane of the V° does not 

contain the vertex of the V*, indicating that i f 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 lm mass 

is ^1500 ÏÏIq* The probability that the V° and the V* are not related* 

but are produced separately, is <v f> x lcH• • Alternate interpretations 

of the event as associated production in the chamber floor are ruled out 

from kinematics* 

ALVAREZ reported on the work of Osher and Moyer (at the Bevatron) 

who have investigated the tr° 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* Fig* 22 shows the 

experimental setup* The apparatus is essentially a very well collimated 

y~ray telescope which can move upstream or downstream from the target* 

Fig* 23 shows data taken with a l/8-inch copper target for best space 

resolution of the decay slope of the B° ft0 + tf° decay mode • The 

dotted line shows the normalized tr° contribution directly from the target, 

determined by a run at the reduced energy of 0*8-1*0 Be v. The observed 

Y-intensity as a function of distance from the target i s shown for proton 

energies of 5*7 - 6*0 Bev* Fig* 2lj.shows a similar curve but taken with 

Fig. 22 Fig- 2% 
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a l/2*dnch copper target. This shows the downstream side to contain 

two well resolved components, probably from 6° and A 0 decay. At 

these energies only 8° can go içstreamj hence, the single component 

there indicates the presence of 6° # Fig. 25 shows the excitation curve 

for the ^intensity at proton energies of £.7 - 6.0 Bev, iw8 - 5.3 Bev, 

3.2 - 3»6 Bev, and 1.7 - 2o0 Bev« Note the disappearance of the upstream 

0° contribution near 3.0 Bev and tiie fading out of the / \ ° contribution 

on the downstream side* The early analysis of the upstream and short­

lived downstream radiation yield a lifetime near 1.5 x 10m^ sec This 

Fig. 2li Fig. 25 

suggests the 8° tt° + tr°. The branching ratio appears to be of the 

order of unity. Likewise the long lived tail is consistent with the 7\° 

Tf° • n decay, thou$i mixed with 8 + and 8° decay* The analysis has 

taken into account: incident proton energy dispersion, Femi internal 

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

The subsequent 9° decay was taken as isotropic* I t should be noted that 

the colliraation geometry and calibrated counter efficiency also enter into 

the observed decay rate . 

Fig* 26 

FOWLER presented a 

s ingle event which was 

good evidence for ths £ ° 

—> A 0 • e + + * 

The event was obtained by-

exposing the Berkeley 35 

atmosphere hydrogen d i f ­

fusion chamber to the high 

energy neutron beam at the 

Bevatron. F ig* 26 shows 

the experimental arrange­

ment. A O 0 neutron beam 

was used* Fig* 2? shows 

the event found in the 

diffusion chamber* The 

n-p c o l l i s i o n shows three 

charged outgoing prongs and 

a A ° that decays 1*6 cm 

from the co l l i s ion* One 

of the charged prongs i s 

an iden t i f i ed negative electron! 

F ig* 27 
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(a) Since the direction of th«/\° it known and one of the decay particles is well measured there exists only one consistent set of momenta that fits 3? Mev for the/VP Q value and the observed angles. 

A positive prong has essentially the same space angle (within 2°) and 

is assumed to be a positive electron* The third particle i s veiy fast 

and unidentified* Fig* 28 shows a summary of the measurements made on 

the event* Thé / \ ° i s well iden­

t i f i ed since the proton has a 

large momentum and hence, for cal­

culation purposes, corrected momen­

tum values have been found for h and 

5 using momentum balance and a 37 

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 Z 0 computed from this case with masses 

measured by others. Note that, on the inter­

pretation of the associated production of 

JJ 0 and K, the £ 0 mass is calculated to be 

• 37 

1235 J HL* In rather good agreement with 

masses* I t should, however, be pointed 

out that the reaction 

F ig . 29 

FRY reported on the £ - and on hyper fragments. A good part of the 

charged hyper ons resulted from the absorption of K^-mesons. Some also 
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were found in high energy states• There are 12 cases of p + ir° 

found in 3 emulsion stacks* A l l were calibrated in the sense that the 

range energy relat ion has been established for each and normalized to 

Barkas1 curves* tt-;i decay calibration was used. The mean proton range 

from the above decay is 

In the error i s included the straggling as experimentally determined and 

the uncertainty in ths tr° mass* 

Then taking the K~ stars and following a l l resulting tracks, the 

branching ratio 

was found and i s unbiased,. This value i s 

Fry reported that in twelve IT absorptions, tracks were produced which, 

at their ending, produced one-prong stars in eleven cases and â two-prong 

star in one case* These are presumably tracks ot which are then cap-

tured by nuclei in the emulsion when they come to rest* £ - have been 

observed to decay in f l i g h t . In a l l cases these 2 * were produced by K~ 

absorption* There were four examples o f ? * - * p + f r ° in f l igh t and 
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five L » r + n in f l ight . From these data estimates of lifetimes 

have been obtained. Considering a l l those cases which decay in f l ight 

gives a lifetime by the maximum likelihood method of Bartlett of 

The lifetime can also be obtained by evaluating the probability that 

the £ hyperons come to rest as well as those that decay in f l ight . Again 

considering both £ * and £ the value is 

This seems inconsistent with the value above. I t however is possible 

that this value is large because the lifetime of the Ï ~ may be long com-

pared to the E 4 and consequently only E + decay in f l ight . Therefore, to 

obtain a clear group of £ , we can take only those which decay in flight 

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

lifetime* This value is 

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

fligfrU This may point to the S "* as having a lifetime longer than the Z *<> 

FRY next discussed hyper fragments resulting either frcm 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 A° 

nuclear fragments, and four cases which are definitely nuclear fragments 

but are not bound A°* Table I I I tabulates these cases * 
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(?) Could be Z hyperon and not a hyper fragment • 

Table I I I 

In Table I? is tabulated the values of binding energies. 

* This case is interpreted as a mesonic decay into a 

Table 17 



The four cases where A° does not f i t as the bound particle are as fo l ­

lows* There are two cases which look like fragments and give rise to K 

mesons* Another case gives rise to a kO Mev ft, probably a L i fragment 

and has a Q~100 Mev* Another has a proton of about 180 Mev with two 

other tracks, giving a total energy about 200 Mev* 

CRUSSARD presented some cases of light hyperfragments, with their 

binding energies* These data as shown in F ig . 30* Note the long range 

of the last hyperfragraent 
HyPERFFRAGMENTS with MESONIC DECA1 

in this table, 22mm* 

Discussion 

S* Goldhaber asked Fry what 

percentage of K" stars give rise 

to hyperfragments* Fry answered 

1/20* Salant asked how the two K 

mesons were identified which came 

from fragments. Fry replied that 
F i g . 30 

he had used a l l possible methods. Both K-mesons had the same energy, 

^k2 Mev. S. Goldhaber asked what minimum length was required before 

accepting an event as a hyperfragyaent* 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 2 ^ 6 where the track 

length was long enough to allow a determination of Z. Breit asked how. 
£ Jin 

long lived* Fry answered: of the order of $ x 10 A sec or longer* 

I t can have a long l i f e since i t is not true He^, but He^ plus a A°» 
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Thompson commented that the apparent difference in & $ E m l i fet ime could 

he a possible explanation of the apparent l ifet ime differences for Ym 

in cloud chambers. One d i f f i cu l ty with this , however, was that the Ecole 

Polytechnique group had looked for the neutrons interactions from J!m —> 

aT 4 n decay in a multiplate chamber and had found only one. Leprinoe-

Ringuet noted that 7#f> neutron stars should have been seen i f a l l lm were 

indeed % m

$ and i f we suppose that a l l neutron interactions would have 

been observed in the l/2-inch copper p la tes . 

IBIEDLANDER reported on a re-evaluation of the A° Q value as mea­

sured in plates , using the presently accepted range-energy re la t ions . The 

value remained the same, namely 

36*9 • 0.2 Mev 

Either the Barkas er Baroni range-energy curve can be used without appre­

ciable difference in t h i s energy region. 

A ŷ Hr hyper ftagpent^ analysed by Brisbant and Iredale, decays in 

f l i ^ i t to p 4 if* * ? # The unknown is a p or d with equally good momentum 

balance. The poor geometry of the event precludes a binding energy calcu­

la t ion . The proper time of f l ight was 1.3 x 1CT 1 0 sec. 

DAIIT2 discussed the nature of the /\°-nucleon force as deduced by 

the binding energies of in l i g h t nuclei. The mean values of the 

binding energies for published events ares 



In this discission the assumption is made that the / { ? and / \$ interac­

tions are equal* This i s required fo r charge independence, and i t ig 

v e r i f i e d by comparing the binding eœrg îes of and y\He^* Charge 

independence implies also that the A-nucleon force i s not due to the 

exchange of a s ingle ff-meson but to several ff-mssons or perhaps to the 

exchange of K-mesons and i s thus short ranged* Consider now ŷ Hê  » 9 

+ A 0 snd wri te the interact ion seen by the A° in the fcrm 

where x i s the posi t ion coordinate of A°* stnd /^Is the nucléon density 

in the à-part iale• From electron-scattering experiments, f has an rms 

radius of I06 x 10 cm, which i s much larger than the expected range 

of the À-nucléon force . Therefore, the in tegra l above can be approxi­

mated by the right-hand s ide, where U is the volume integral of the inter­

action potent ial V» One can calculate U, using the experimental shape and 

range of f? , and obtains 

The same calculation is repeated for /\Ee^$ in which f^for the t r i ton i s 

taken to be the same shape (Gaussian) as for the ©-part icle with an rms 

radius chosen to give the observed coulomb energy difference between 

and He^ nuclei* One then obtains 

Now the pair of coupled protons in should have an interaction with A° 

equal to half that for the ©-part icle* The interaction between A° a**i 



V-U2. 

where S i s the spin of A°> and U , U are respect ively the interactions 
P a 

for spin pa ra l l e l and ant i -para l le l states of the Af^nucleon systemo 

The separate magnitudes of U and U can be deduced when i t i s known 
p a 

which spin orientation gives the strongest at traction (which i s , of course, 

equal to U 0 ( j^ nucléon a ^ o i r 8 ) : Consideration o f the - / \ ^ e ^ doublet 

w i l l give us information on this point (see below)* 

As a check on the conclusions reached above, one considers next 

h y p e r - t r i t i i M , « H 2 + À 0 . The situation here i s more delicate 

because of the possible distort ion cf H 2 by / \ ° « A calculation with Hultbén 

wave functions for the deuteron gives 

U, . « 6U0 (without dis tor t ion) 
deuteron 

which i s reduced by distort ion effects to the value 

udeuteron m ( w i t h ^ s t o r * i o n ) * 

the odd nucléon in H is thus given by 

U , , - U - i (J - 380. 
odd nucTaon triton 2 c-particle 

On the other hand, the mean A°-nucleon interaction, averaged over spin 

orientation, is just ^ . p a r t i c l e ' s i n c e t t e ^-particle represents a 

spin-saturated configuration: 

TJ - Î U « + * i * 168. 
a-particle 

Comparing this with ^^.n^cieon» o n e concludes that the A°-nucleon force 

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

3 



However, the expérimental radius for the deuteron is larger than that 

given by Hulthln wave functions, which did not take into account the 

repulsive core between the nucléons* This means the deuteron radius 

used in this calculation is too small, and a better calculation may yet 

increase J t a t o m to bring i t into agreement with 2 U o d d _ n u o ; L 8 o n (as 

we would l ike)* The thing to be emphasized in this preliminary work is 

that in each case one is led to the conclusion of a strongly spin depen­

dent A°~aucleon force* 

The next clue for the A°-nucleon force comes from the disintegration 

y^H^-» if- • <u The spin parity possibilities for the (/^H^, ŷ He**) 

doublet are 0**, I 4 , 2"% eta. I f we could determine the spin of the y\H^ 

state we would know the A parity. Conversely, i f we assume a certain 

spin-parity for A then the spin-parity for the ŷ Ĥ  system can be deduced. 

AO + h 
has the spin-parity (1 /2 ) j then 

would be 1** This would mean that in y\H^, the spin of the odd nucléon 

is parallel to that of A°, i « e * , U p « ^dd-nucleon " 8̂0* 0 n e t h e n 

finds, from the expression for U, U a • m i|.80, i*e*, U p >> U a * One also 

concludes that the spin-parity for rfr is (3 /2 ) • In this manner, the 

spin-parity for ŷ H^ and ^ is determined for each a ssignraent of the 

spin-parity of A°« Therefore, an indirect test for the validity of 

any spin-parity assignment of A ° * s furnished by such reactions as 

through a measurement of the correlation between the decay of ŷ Hr with 

the direction of its production* 



KARPLUS reported an investigation of Ruderman and Karplus on the 

spin of A ° . 

This is similar to considerations made by Primakoff which 

follows. Karplus and Rudermann consider the competition of the two 

schemes of decay 

A A° P + * 

b p + A° P + n 

The second process can be considered as a two step process, namely 

p + A ° P + P + (ff) virtual - > p + n. 

Suppose in A that the ir-meson carries away an angular momentum^. Then 
. 2 9 

the dependence of the decay rate on^c is given by q where q is the 

meson momentum. In B p + n must also be in a state of relative angular 

momentum Ji j hence the Â. -dependence of the rate of this reaction is given 

by k where k is the relative momentum of the nucléons. Thus the rat io , 

R of the rates B to A is 
R - Rate B » C(iS) 2*^. 

Rate A q 
2 P 0 

Now ( k / q ) ^ U j hence (k/q) ^ 17 , which is f a i r ly large . The con­

stant C above does not depend upon the interaction constant, since i t 

appears as a factor in both A and B # I t does, however, depend upon the 

interaction of the tr-iaeson with the proton, for which the Chew non-relati­

vist ic pseudoscalar theory was use d. I t 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 smallj heme the / \ ° spends an 

appreciable time outside the nucleus. This reduces further the probability 



of the virtual process* Taking a l l these points into account C was cal­

culated, and the following Table 7 was constructed, where Ej, is the bind­

ing energy in Mev. Now E5 in H and He is about 1 Mev, and the ratio R is 

about 1 in He (see results of F r y ) . This 

of the A is small compared to the distance 
Table V 

over which the angular momentum barrier 

extends. The A oust have a radius larger than 2 or 3 x 10"" em to inva­

lidate the assumption* This work has appeared in Phys. Rev. 102, 2l*7 (1956). 

This evidence, together with that presented by Primakoff (see following 

report), makes (1/2)" most likely for the spin and parity of A ° » 

JRHMAKOFF next presented his work on the ratio of the mesonic and 

non-mesonic decay rates of hyper fragments. He is mainly interested in 
- 1 

the dependence of this ratio R, in the same notation as that used in the 

previous paper by Karplus, on the mass number A and atomic number Z of the 

hyperfragment. Let be the mean l i f e of a bound hyperon for mesonic 

deoay, and Tg the corresponding mean l i fe for non-mesonic decay* Then 
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where ~f* i s the probability for a real pion, upon emission by tfce A°> 

actually emerging fraa the fragment. In the range 3 < A £ 20, is 

approximate l y unity. Earlier work by Chest on and Primakoff (Phys. Rev. 

92, 1̂ 37 (19^3)) has shown that 

where is the mean l i f e for the me sonic decay of a free A° , and 

K(A,Z) is a function which increases rapidly with A in the region 3 <• A £ \ 

and then remains approximately constant. In fact, from A - 3 to A > 6, 

K(A,2) increases by a factor of about 5. In the work of Che s ton and 

Primakoff, tiie assumption was made that ^ V^"0» t h e result 

that R increases with A essentially like A K(A,Z) • Recent experimental 

results showj however, that R increases with A much more rapidly than 

that. A re-examination of the earlier work shows that the assumption 

l/T'^pjl/'T i s unwarranted. In fact, one can see that l / T ^ should 

decrease with increasing A, due to the inhibition of the I'auli exclusion 

principle against emission into the residual nucleus of the relatively 

low momentum protons arising from bound- A p + n". The Pauli inhi­

bition factor I (A,2) is introduced by writing 

Consequently, 

It is clear that I (A ,Z) decreases rapidly with A, and a rough calculation 

fitted to the experimental binding energies of the hyperfragaents, yields 
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the result that 

I & 1 f or A » 3 or k, 2 • 1, 

I ç£ 0*0£ for heavier hyper fragment s » 

On this basis , one can expect R to increase by a factor of seme 200-400 

between A « 3$ 2 • 1 and, say, A - 12, 2 • 6, and farther one can expect 

that the mean l i f e , T « ( l / T ^ 4 » 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, 

i t e # , ^ + p ^ n * i / i Details are in press in Nuovo Cimanto# 


