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RECAPITULATION TT DISCUSSICH SUT L50 oo LOURDS CHARCGTES.

Professor Powell orened the session by saying that the
Congress had enabled workers frou uany laboratories all over
the world to meet together and organize their work. Ie quoted
Clark Maxwell's cocment coh the world magnetic suxvey that "the
scattered forces of sclence are converted into a regular aruy"
and said that it applied equally well to the work of the Congress,
In particular, he euphasied the value to be gained frowm discus-
siong together the resulis of experiments wade with Wilson cham=
bers and with the photographic emulsdions

He stated that the session would comsider the following
five togica_:

I) Direct mass measurements of heavy charged mesons.
2; mvidence for the nature of the secondary decay producis
3) The energy spectrum of the secondary particles from

the decay of charged V-particles, S-particles and kappa-particles.
: 4§ The nuclear capture of negative kappa-particles.
5) Tau-mesons.

T - DIRECT KASS MEASURELENTS OF HEAVY CHARGED ILESONS.,

Powell {ntroduced the subject by summarising the know-
ledge of the tau-and kappa-mesons. He considered that the expe=
ripents of Peters with sgripped emilsionscoupled with the analy-
sis of events made in Rome by Amaldi mede it certain. that the
ms8 of the tau-meson would soon be Known to within * I me
apart from the uncertainty in the ‘JjU-meson mass,. He then sum=-
marised briefly the evidence that had been presented for the
decay schemes of kappa and chi-mesons giving rise respectively
‘“to mu~ and pi-neson secondaries. - ’

Powell then stated. that a central problem in the
study of these mesons was the questionwhether or not the three
decay schemes 3 - : -

X + + -
—= T+ T 4T
K1 = pEFeyey
xt — Tt ?

could be regarded as different modes of decay of a single par- 1
ticle. If this were so, the best value for the mass would be 2
that obtained form the decay of tau-mesoms, i.e. 970 me. If nE
this hypothesis were correct the decays of kappa and chi- wmesons
would be limited by the conservation laws in tbe following way.
. BABLE I Q
Assuming that T = € = X and that the mass 1s 970m,
we have the fcllowingz possible decays. ~221 - -
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Y T o ¥ iwtaxw Q =72 Mey E]t=° to ~ 50 Mey
2/ T? o .l m Q ~ 72 Mev £y =0 bto ~ So Mev
5 kT m. TEspTaep) @ ~vowoMw B lmen v soltey
' PFn(fmu) ~ 206 Mev
P (max) ~ 233 Mev/e
4 xtz TE- mis(7) @ ~ 3soMev  Ep ~ 125 Moy

P‘e’-yc ~ 1go Mev/c
Pe w~ 224 Mev/c

a) Slow particles stopped in uatter.

In presenting the nass measureuents on the charged
particles stopped in matter, Powell said that two developuents
in technique had increased the precision of the ueasurements.
The first was the use of blocks of stripped emulsionswith the -
consequent gain in track lengths available for mneasurement and the
gsecond was the use by the Ecole Polytechnigue of two cloud ohamhers
to0 me&asure the momenta and ranges of S-partieles. Powell then
reported that all the mass values of stopping kappa-mesons bad be
been collected together at the Congress. There were 32 examples
with a range greater than I.5 mm in the emalsioun. The mean mass
value of all these particles wae 990 m,,2I of the values were
within one standard deviation of this mean and only one mass was
more than two standard deviations removed in Table 2, ‘

To check whether the measurement technique introduced
a bias into the mass estimates or not the resulis obtained ai
Bristol had been separated from those found elsewhere. The mean
masees for the two %roups were &
Bristol (I4 events) I 060 < 35 mg
Elsewhere (I8 events) . 965 % 26 my

The mass measurements made on three S-particles obser=-
ved by the Ecole Pglytechni ue group at the Plec du NMidl gave a
mean value of 922 = 41 mg. One S~-particle, whose decay was
consistent with that of & tau-meson where two ¢ the secondaries
~were not observed, had been excluded from this mean.

DISCUSSION

Leprince Ring%et : Are the mass values obilained for kappa-particles
torrelated with the lengths of thelr tracks ? v

0'Ceallaigh : This has not been tested for the Bristol measu-~
rements. For all the other measurements the events

have been split into two groups - those with tracks » 3 mm.

long and <« 3 mm lopg. The mean masges of the partieles in:the

two groups are 960 - 28 mg, and 996 = 72 m_ respectively.

Peyrou : One should point our that the EcSle Polytechnique S-par-
ticles are not slow particles in the s'ense that the

kappa=-particles seen in' ‘the emulsion are slow. The average

initial momentum fo the three S-particles was about 300 Mev/ec.

Q'Ceallaigh : The scattering-range method of mass determination
contains possoble systematic errors due to the uncer-

tainty of our knowledge of the ecattering comstamt and the ener-

“By—soange relatiou. Phe situation would be improved if workers in

-222 -




l . 6

Brussles : : I.4 .IOBOiZGO
: 2.0 : 750L170

(45 events ) STOPPED "E" PARTICLES
s Primry : f Seoondﬂ.ry
Star :Length iass i:Length:® p : I/1, (9 ): Mase
cin mms me. i : ,‘[e;gég : s e
Bombay 20+)n* T13.0 & 98(&150 e : 24 0} LE
.I4+an -T2.0 : 8905200 :: : ~0.38 :
:52.0 : 7oi150 5z : ~I.0 ;
? ¥ :31.0 1030-I7O £ : 0.93*0.07:

® sz gse o3
[
se o8 S9 &0 &»

- 3.0 : 80CEI60

% se o0

20 0 :IIOCEIOO :::5.0 : 200130. 1.09

Milan : : 2 o) .127ch290 2t 3,44 150127‘ oR 9410 03-

: star : 5.26: 1030 I65 :: 0.45 : I.1I5%0.10:

: star T.88: 1350-210 .1 2,08 : I08E 18: I. 14to 03: 190t3

: s I.47: 1360-,540 :: 2,50 : 200t33: I.06%0.04: 3ooiso

3 ¢ Q. 64 1260—600 :: 0.63 ¢+ %80 : I,028£0.06:

: : 3.4 . 90L®5 :: 0.29 : : ~T s
Cornell +: :~3.0 3 970LI00 :: : : :
Rochester: 23,0 :IO’OiIOO s : : :

:I4+42p ¢ 4.5 : 8705100 :: : : :
Paris : . 1.3 :1060Y2I0 ::20.0 : I9TEI3: O. 97+0.03: 220%25

:I3+I8p : 4.95: 89075 :: O.I5 @ : 0.85%0.20:

: 942p ¢ 6.04:I030280 :: : 3 8

: 64Ip ¢ 9.0 : 900:60 t:: 0.85 ¢ : 1.0 Lo.1 :

: : I.52: 940=IT0 :: 0.20 : : ~1.0 :

: + I.40: 900tI50 3 2,40 :290 160:0,975%0.05:

: 4 H H H H b
Bristol : 1 4.1 :I320t170 1: 2.2 3 235t35: 0.97£0.04:

: s 5. 67'II25-I40 o Tt e II_,_B : 4 ip—ve 210mg

: : 0.53: 1000;2000-: 5.9 : Is4-I2: O. 96-0 03: 170830

: : 2.I0:I3702320 :: Q.17 : "

: 1 I.54: Iosotaoo 13 8.9 66"’II‘ i 70—0 oe: 220%20

H : 2.55:I040-200 ik @ETO s -~ I

: : 0.38: ~ JO0O :: 2.5 3 170 30: I.09%0. 05: 270%50

3 ¢ 2.55:TI80%200 :: 7.65 : I871I7: I. 1410 03: 330%30

: .t 0.63: ~ I000 ::I19.5 : I62%9 :I. 0940, 0]& 265+ I2

: : I.38:IIOO$330 s 0.27 : : ~ I

: :I3.2 :I2I0¢I50 :: Q.15 3 : ~1 a

: : 0.96:I080-450 :: 0.20 : : »;I H

: : 3.44: 925%I90 :: 0.5 120%44: I.0220, 10:

: 3 9.56 ITO0XI70 :: 4.1 184t30' I.03=0.03:

: TN T ~ I000 :: 2.8 : 153-24 1.03%0.05:

: : 4.3 1200-230 1t 6.5 1 IT2EIT: 1.15%0,03: 295t25

: : I1.85 ;500 sS A RONSTS 315-70~ '~ 1.0 :

: : 6.67 990+I50 :: 0.I9 ¢ ~ I1.0:

: : 0.35:1000-2000::18.0 : 205% I15: 0.93t0.02: ja 7
? Ejected: I+On)*: : :

T+0p)* +28:0 780t90 ! 6.0 } I70t20°

H19+3m 23 7. 56: 990LIS0 :: O.5x6: :
:I0+0p *: 8.56: s 1240 100: : : 3.0xI8: II9g 3

~® Indicates stripped emulsion,

.1,09%0.04; 28020

1.2 to 1.5:203t8

-223-



H.

different laboratories were to use a standardised method of

meazurementd.

Peters ¢ It world be moat valuable to have calibration measu-
rements made on the tracks of artificially aceslerated

particles. This is now guive possible. .

0'Ceallairh :Vigneron (Journal de Physigue) has caleulatoed the

- energy-renge and finds that it £its a power law. o

calibration experiments have been made at enecrgies greatsar than

20 lleve _

Professor Povell then asked to Professor Dawdin to
give his contributed paner to the session.

DAUDIL : Leg varytrons et los nouvelles mesures de rasse .

Comme on le sait, Alichanov et Alichanian avaient
cbeervé en Arménie & 3 200 m dtaltituds un grand nowbre de
particules qu'lils appelaient varytrons. Ils utilisalent un ainant
permansnt et un hodoscope pour connaltre le moment et le pare
cours des particules. Le nombre de leurs varytrons attelgnalb

“ de la composante dure.

En I950 a faru dans le Jourhal de Physique et le
Radium une analyse de leurs travaug. Oun y attribualt les tra-
jectoires de"varytrons"™ & des électrons, & des gerbes et au
mauvals rendenent de l'anticoIncidence.. -

En Septembre I95I, Vermov, Dobrotin et Zatsepin ont
exprimé publiguement les critiques du Laboratoire du Professeur
Skobettzyn., En ajoubant aux causes d'erreur mentionndes la
diffusion (scattering) dans les pbles de l'aimant, le fond
E:rasite s'éleve encore davantage et atbeint au moins 5 7 de

. composante dure. Vernov, Dobrotin et Zatsepin concluent qu'on
n'a pas le droit de parler de la déoouverte de nouvelles pare
ticules de masses variées & propos de varytrons.

Alichanow et Alichanian défendent leur trevail duns le
méne numéro du journal de physique soviétique. Nous n'exami-
nerons pas leur défemse. Il suffit qu'ils renoncent aujourd'hui
aux varytrons plus lourds que les protons. En effet, si les
trajectoires de grand moment étaient parasites, les trajectoi-
res de moment plus faibles ressemblant & des mésons lourds
pourraient 1'8tre aussi.

Il arrive & chacun 4'entre nous de se tromper. Une
mmuvaise ex?érience n'est pas une catastrophe ; sauf si elle
bénéficie d'une autorité injustifiée. Je crois qu'il est heureux
que les résultats d'Alicha et d'Alichanow soient aujourd'hui -
contestés par leurs collégues sovidtigues.

Je voudrais dire quelques mots des nouvelles expériences
des mémes auteurs, utilisant la fabme téchnique mais perfection-
née. L'hodoscope comprend 200 compteurs définissant 5 points de
la trajectoire (IO Coordonnées) et 5 intervalles de percairs.

En outre, au nivgau de la mer, ils enregistrent les
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coincidences retardées de 2 ms,5. On arrive & séparer ainsi
1/4 de mésons pit (N (7x")/N (m) ~ 0,2). La masse moyenne

des mésons p est 218 2 mg. Il n'y a que I5 traces dans 1'in-
tervalle 400 - I 800 mg soit 3,4 % des mésons p et pi. La
dessus il y a un certain nombre de mésons pi arrétés par
absorption nucléaire ; une particule de masse ~ I.I00 a donné
lieu & une coincidence retardée de 2 & 2,5 u sec. Il s'agit
sans doute d'un méson kappa.

En altitude, l'aimant permanent a été remplacé par
un électroaimant de 76 tomnes donnant I 900 gauss. Des ren-
seignements supplémentaires ont été fournis par des compteurs
proportionnels indiquants 1'ionisation & 50 % prés et calibrés
sur les protons. , .

_ Neturellement ils digtingﬁent les mu des pi, la masse
individuelle étant donnée & IO % prés environ. Les courbures
parasites par scattering ont été mesurées avec champ nul.

Les particules intermédiaires sont ;}éa rares et
groupées autour des vdeurs 600 et 920 mg. Les trajectolres
groupées autour de la valeur 600 mg ont plus de chances 4d'8tre
des pi-mesons arrétés par absorption nucléaire. Leurs masses
sont dispersées et les ionisations aussi.

Les particules groupdes autour de la masse 920 sont
au nombre de I3, le pouvoir lonisant est correct et de 1'ordre
de 2 fois le minimum. Les masses ont les valgurs
940, 900, 880, 900, 920, I 090, 930, 930, 850; 900, et 900.
Les valeurs ont une dispersion correcte comparable & celle
des protons. Deux particules ont des masses I IO0 mais sont
trés ionisantes.

La valeur moyenne des II premiéres messes est de 920
En y ajoutant les deux derniéres la moyenne monte & 950, L'er—
reur déduite de la cobhérence interne des mesures parait-€tre
40 environ.

Ces valeurs sont cohérentes avec celles trouvées dans
les émlsions et la chambre de Wilson. Il n'y a pas de masse
supérieure & I I00 mg.

Le travail a été publié au printemps I952 et it
dans l'été I95I1.

DISCUSSION

Rosgi : How were the values of ionisation measured ?
Daudin : By proportionnal counters calibrated with protons,

— s =
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arnet ¢ One would like to know how many DrOportiouMl
_ -:.“;.¢; were used. The work at the figuille du Ilidi

*cols Molytvechaigque and at Harwell has shown that it is
iculd, even with Pour proportionsl counters, to mak
cment s, 0L particles.

'“fa RGO mels
Loserrdens 3 U ore were ¥he rﬂrtioles recorded by Alikhanian and
wticharov f%oll ed 7 Vere they isolatsd particles or
did they cowe Irom showers T '
Douadin :0ho recorded partidles come irom & block of lsad installed
over spparatus.

icd the discussion or Alichavov and 41likhonian.

Powell recalled the results presented OJ Perkirs giving
3 Zor heavy Ccharged mesons coming from showers. Ihe mass
via 0f the particles shows a peakr et the protqQn mess with
_1" cxtending to lower values. The gignliicancd of this
; 2@ bsen proved by carrying oubt a Ca&iufation aXperiment
with QCCGLCTutOd protous. The positions of the pil-neuon and
proson pecks were Iirm "archors® and made it difficult to wndersw

5 Laype blas in the mass values of the hesvy mBBONS o Never=

”qj one particle with a moss less than thuﬁ o the

ad been observed., Shapiro's resulbtz als mof’C with
Corking and 4 or 5 part¥cles of sirdlar mas:s hove been
%ﬁ 0Oslo. The 1uest10n is : can these nmass valuoa be
own. o0 values obtained for particles stopping in the
&nd in cloud chambers?

DISCUSSION

Thero is the peak in Perkin's mass distribution ?
jear I 200 me but the pesk cannot be well definsd as
it is not resolved from the proton distribution. The
v idence fot the higher mass value is the absence of a digtri-
bution around the tau-meson mass. . -
Porking Th& par ticles measured had momenta in the range- from
%30 Yev/e to S50 iev/c. "
Dowell ¢ his means that the particles are similar to the S=-
particles observed by the Ecole Polytechnique sroup eXw
cent Lor thelr tinme 2 flight (they were observed for a total
time of only 3 x I sec Amue st bear in mind that the range
of times below IO‘ 2 or IO‘ sec 13 obscure and there could
be a transition witk such & short mean lifetiwe.
Croggard ¢ Vhat is the proortion of protoms to heavy moscns ?
Terrins ¢ Tracks of I64 protono, i2S pi-mesons and 20 heavy
mesons were measured.
Crussard ¢ The px OJOfuion of heavy wumesons is very rmich higher
than among the stooping parziclesq
Powell ¢ 4111 these evenbs came form stars with energies bctueen
5 and 50 Bev.
eters Car ang ayparent large angle scattering inithe heavy
meson tracks be interperied as decays with a very short

20 oa
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wime 7T

Thers iz no indicatiosn of zueh
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2 - EVIDENCE FOR ﬁﬁl HaTURS CF 1is SECOMDARY DICLY DPRCDUCTS.

Powell openeéed the -discussion by saying that evidence  from
"both cloud chamber and emulsion experiments indicated the presence
of a large number cPm-mesons among the charged secondaries
produced in heavy meson cecays. N

In the ﬁultiplate experiments of thse groups at M°I T.

and the Ecole Polytechnigue S~-particles secondaries had been
observed to thaverue 8 nuclear interaction lenstha and only

two possible (but not certsin) interactions had been observed.
The event recorded by Bridge and Annis could be interpreted as
the decay of a superproton and there remained only the charged
V-decay reported at the Conuress by Butler where the secondary
appeared to be scattered in the piston of the cloud chamber.

The emlsion experiments gave decisive evidence for the
nresence ¢f a large number of mu-meson secondaries. Flrst there .
was an event reported by O'Ceallalga where & secondary decayed
into an electron after cowing ro ress in tre suulsion. ZJetond,
mass measurements on three particles made by lenon using the

grain aenclty-scattering method gave masses of 208 m,; 203 t 8 mgy
ang 220 £ 20 ng. The absence of nuclear dnteractions” of sscon~
gerics in the emulsion was not significant since the total

length of track observed was less than 25 cm (one interaction -
length). .

rowell tnen restated the eviderce for the existence of
vi-neson secondnries that had been presented by lenon and 0'Ceal-
laigh. Te quotea the valwes of the masses and p § for the rele-
vant pariicles fmwem Table I.

Powell concluded by asking Rossl to explain the sigui-

ficance ve attached to the U.I.T. observation of gamma-rays ..
from S~particle decay.
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DISCUSSION

is definite evidence for the presence ol gawmma-

g in some S-particle decays. It is not possible that
icles decay into a single proton anq 8 charged secon-
ary particle, It is possible that all S-particles dacay 1nt9
three secoxndury particles one of which is & photon but if this
is so,there umuwat be & rather unlikely ccrrelation between the
Girections ¢f emission of the neutral seccundary and the gammg-

ray.
Crussard : Vhat are the tracks lengths of the particles that are
regirded as pi-~meson secondaries ?

Powell gave the reievant figures from Table 2.

Powell : Vhat are the energies with which the tau-mesons are
eanitted 7 '

lienon ¢ II0.C = 6 iev is the weighted mean value. This may be
in error due Yo the uncertainty in our knowledge of the

scattering constant and doubt about the cut-off procedure.

O'Cealliaich : Zvent Wey gives the same mass value (f the scat-
veriny is measured with and without a cut-off provided

that the zpprepnriate constant is used.

Rogsl ¢ Vould systematlc errors affect all the mass values and

' atill give a unlque value of p 7

Menon ¢ The masses would not be affected as they are found by

' comparison hut the values of p p would be altered.

L2 tre mass values of Tappa-meson secondaries are all

plotted on a histogram are two peaks apparent 7

Loosi

e

lenon sboged the slide giving the required histogram (See figure
E-‘I, 6- ‘

Kenon : The probability of any single mu-meson giving & mass
value > 240 my is ~ 5 % and Bristol has 5 out of 8

mag3~-vilue greater than this.

Leighton : At California Cowan has found a charged V-particle

. “decay where the secondary track shows a deflexion

consistent with W-—»p decay. I cannot remember the sign of the

article.

%enon : Vhat is the probability of a gamma-ray from S particle
decay being observed ?

Rossil ¢ The probabllity of seeing a gamma=-ray of I50 Mev is about

-~ 807 . Only in 4 cases out of 22 examples of S=-decay

have electrons form gamma-rays been observed. The gamma~-ray

energies were between ICC and 200 llev. If the gamma=-ray ener

were much less than IS0 Hev - (corresponding %o 3~body decay) =

the probability of observation would be smaller.

Reynolds: 1Is there any reason to think that a distribution in
the energles of mu-mesons from kappa-decays would lead

to a spurious distribution of mass valsus ?

Menon : I can gee no reason for such zn effect.

Peters ; Were all the meesurewcnts made in'6OQ»emulsions ?

lienon : Yes. '

evers : Then the correction for dip is large.
Perlins : The correction is only 2 % and an error of 20 ¢ would
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be needed to move the measured masses as far as the m-meson mass,

Goldschmidt-Clermont : Has a search been made fob electron
pairs produced by gamma-rays arising from kappa—decays

in the emulsion ?

lienon : For the chi-~-decays we have searched a distance of about
2.5 cu and have found nothing.

Powell and Bhabh& then raised the gquestion : Does the process
T =1t +m°+ ®° exist or not 7

Powell : Part of the difficylty in answering this guestion
arises from the differeft methods of searching thet

are used in various laboratoriocs

¥enon 1 If such ecvents occur in the ewulsion they might he
classified as I-prong sighd: utaxs or as J-»f decays

or as 2-prong stars. In & volume of 60 cé¢. of emulsion 2 tau-

nezons have been observed. 20 ce. of this emulsion has been

scanned’ for the alternative mode of decay. 1o exmmple was Ffound.

This is not conclusive evidence against the existeance of

decays, T—» T+ T2+ WO

Leprince~Rincuet ¢ Could the po“beillty-of kappa-decays being
T-=m+me+n® pe excluded in. those ﬂdcea\yhere the secon-

dary energy was small 7

Powell : There are only three ﬁvents wLQrp the Spergy is sufFim
ciently low and in those three caszes the-secondary nassges

ate all determined to be cloge to the mu~nsson zoss. Cne is the

event where the secondary is identified ijb+ed30ay.

. Petvers ¢ The fact that this mode of decay has not been observed
does not mean that it doeg mot exist.. Ouly 20 ) of

kappa—-decays gilve measurable secondary traclks in plates. Only

_+I2 tau-decays have been found. Therefore, buuﬂneﬂ 2 and 4 ex-

. amples, of the alternative mode might oe sxpected to have been

géen.

Powell : Peters method of searching by following back pi-mesona
to thelr origin should give one example of T - +Te+ T

for every three normal tau-decays if the alternative mode of de

decay occurs.

3 - THE ENERGY DISTRIBUTION OF THE SECONDARIES -

Powell asked Butler to summarise the evidence avallable
from cloud chamber measurements on charged Y-decays.

Butler polnted out that m;oer¢mmntwl bias prevented a
true spectrum of the transverse womenta () ;n cu ?éd V-decays
from being obtained by «ddligz resulis frum all laboratories,
Only xarely could events with low valuss of P, be d;s+inguished
frowm scattering defleciion. Ths av~“ao*a digsridution of '
values could bs consistent with that o7 the Two=dody uccay of

[P

chi~mesons. The distridbuticn of thv - gsbun womentunm ( PX) in
the decay at rest of kappaw-mesons woz 70% kaoown but if.sll
charged 'V — particles were o te 1;tcr9feted as kappa-meszons ,
thsn the values of P* must be nzar 200 lev/e for wost svents.
No definite conclusiosn sculd be drawa Ffrom the clowd ¢ ¢ ugumber

measurements of 7B . —119
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DISCUSSION

Rogsl ¢ Is it certain thet there is & distribution of the secondary
~  energiles in the ceatre ¢f moss system ? :

Latler : Not certain. Cnly when both primary and secondary tracys
are ncasurable 1z tt poesible to transform to the eenstre .

of mass systenm and evaluate P*, There are two events (one froa

ianchester and one from the Icele Polytechnicue) where this tians-

formation leads to valucs of P*near to IO0 Lev/c.

chopiro ¢ Ve have obscrved an example of & decay in flight wvwhoere

o the secondary corervgy is 20 Ilev?

Iretter ¢ Vhat is the largest value of P, that has been chserved ?

Loller : In lonchester we have one event which gives & value of B

"" just over 30C llev/c but with o large error. It is consis~

tend with a value of 2320 liev/c.

Ledighton ¢ A1l the C.I.T. values are consistent with a cut-off at

T 230 lev/c except one event at 320 Mev/c with a large

Crrov. _
Themnson ¢ The events from Indiana have not peen fully analysed
ut the largest velue of P, is 225 = I5 lev/o.
Iuller 4 ALl our eveuts at the Pic du Iidi are also consistent
T with a limit of 230 lev/c. N
Powell:To summarise, these seems to be no good evidence for values
of P* greater than 230 lev/c. ‘
Fossi : The evidence from S-particle decays indicates no values
~of P* greater than 230 lev/c. As with the charged Vepar-
ticles the indication is that most values of P* are near 200 Mev/e.
Cne should remember that S-particles are observed in the chamber
for a much longer time than charged V-particles and the two groups
of par ticles should be considered separatly. ’

Powell then sketched the dig-
tribution of values of P* suggested by
the charged V-particle and S-pgrticle

= decaysa

5 \ - e then sketched zlso the dige

tribution found fron docays of K =-pap-
y Mev/c ticles in the emulsiocn ans saled what
100 200 pr W& the weight of the high energy
region of the spectrus.

\
- -

Y and § particles
The evidence from neasurcuents
of HK»e decays was a "high suergy tail®
te the spectruin cccurs chiefly as
a8 result of fluctuations' in the scote
tering of the particles.

ilenon end €'Ceallaigh then

gave their reasons for ceasidering
' The observed values of pp for kappa=
. secondaries incensisiont with & cube:

- ——L = _ off at 20§7M§v/3 (which gpr{espapd

' ¢ to p ~ 233 lev/e fot a nm-resoa).

K- particles There are 24 events (Table 2) For

which p @ has been ueasured for ih

cccondary particle. I2 of the values ‘lie vwithin two siondard devige
ticuns of 206 Mev/c while five of the best valuss lie above 205 usv/c.
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Vhen the very low values of pA are discarded as being impossible
to recopcile with a pp  of 200 Mev/c omé finds that the probabi-
li%ty of obtaining the observed o distribution is less than I .

CLejgbton ¢ [ am suspicious of the separation of secondary particles
int0 pi and mu~mesons because of the magnitude of the errors in
nass msasurencnts.
vabbousr ¢ Vhat is the Primakoeff correction for kappa-particles ?
Tichel s For mu~-mesons it is Z x B/I37 where E is the mu-meson
: _.energy. The correction might be about the same for kappa-

particl es.
Powell : To suwamarise, the cloud chamber evidence is consistent

- with an upper cut-off to P* at 230 Kev/c but the emilsion
evidence does not conforr with this conclusion. Further evidence
on this point would be extremely imporitant. - . '

. Bhabha : Can the chi-meson and the tau-meson be identical ?

Powell :- is far as the experimental evidence is concerned, the ans=-
: wer st be yes.

4 - THE NUCLEAR CAPTURE OF KAPPA=FARTIGLES.

T30

particles appear with the same soxt of frequency as tau-
mesons. If omly pcaitive kappa-particles decay and ihe negative
kappa~particles form stars and if there is o symnetrical charge
distribution among kappa=-particles, then kupra=sitscs should geour
&s frequently as kappa=decay. This i3 in apparent contradiction with
vhe regults of Triedlander whe finds kappu-siars o be vory rarse
-comp@red with kappa-decays. In Bristol CO kappa=decays have been fo
found, 4 tau=-decays and no kappa-stars.

'
Poviell : The results obtained by Peters susgsst thot negative kappa-

\ Now, this difficulty is resolved if one can compare the
number of heavy meson stars, not with the number of kappa~-decays
but with the number of tau~mesons : Dr. Peters observes about the

same - number (4 or 5) for both and we, in Bristol, observed 4 tai-
mesons and no star. To compare these two results one should further
notice that Dr. Peters would have missed two of his heavy mescn
staﬁga hag)he not worked with stripped emulszions (what at the vime
we d not ). \

Scheln then reported itwo examp%ps
an upward woving heavy zescn. Ths
wes 200 p long.

preduced by
sscond gxample

vo T 2esTY o nbnune

0, SIL, ey -
v0 adguae i

n reporsed, Lhe yic
i Wy may have vosa Llgher
2 vecande of the small thichnsss o

2d round our erulsion and the fact that this

e
tprrie
sz in the
material thalt was g 2
Laterlial woy rather close. IF $he Mapuaecartioles haove ratoeyr a
shovt 1ife (and thus : ? decaying im £lizat) we should
eXpect indsed ¢ high 7ield imtizs: circwustances. Could Iriedlander
égy ;Lw'xx.:mistol piates were axposed ?

efediand - . Soie wers exposed %t vhe Jungiraujech znd seme in balloo

-231 -~

-la
y
=
possikvili¥y o
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flights. They were selected for examination because kappa~decays
had been found in them.
Blackett : If the tau-meson and the kappa—-meson are the same
particle with different mode of decay the ratio of the
numbers of the two types ofddecay should be the same whether
the particles decay in flight of are brought to rest. In cloud
chamber experiments about I00 charged V-decays and 5 tau-decays
have been observed giving a ratio of 20 to I for the two types
of decay. The Bristol figures give a ratio of IS to I for kappa-
decays and tau-decays. .
Powell : Perhaps positive tau-mesons decay while negative tau-
meson are captured . The fact that the coplanarity of the
three secondary particles is always good supports this view
since a negative tau-meson would be caught in a Bohrorbit would
probably be destroyed. Also, among the segondaries of his tau-
decays Peters found 8 positive and.3 negavive pi-mesons which
again suggests that the tau-mesons were positive.

, . What, then, hsppens to negative kappa—particles ? It may
be that negative la ppa~particle interactions are difficult to
observe.:

Peters : We estimate that there must be about I5 tau-meson decays
in our stripped emulsionsin Bombay. Four kappa-decays heve been
found accidentally and many more nust be present. The number of
kappa-interactions found is nowhere near 1o equalling the esti-
mated number of kappa-decays. -
Blackett : It would be extremely unlikely for the kappa=-particles
, and tav-mesons to have the same mean life. This is the
only alternative way of explaining the constancy of the relative
proportions of kappa=- to tau-decays in flight and a% rest. Other-
wise the particles must be identical with two modes of decay. ‘
Peters : If we accept the conclusion which seems to emerge that
the kappa-mesons are much more frequent than theTtmesons
and that what we have identified are negative tam-mesons, then
we get immediately into difficulties if we try to identify the
kappa~-mesons with tau-mesons, as an alternative decay schene,
because, Irrespective of the decay scheme, we would expect an
equal number of negative particles of this type ( «-T ) and
if they are not there then we have to drop the hypothesis with
which we started working, namely that we could identify the
kappa-mesons with the tau-mesons and simply say it may be a
different decay scheme of the same particle, )
Schein : I agree. If negative tau- produce stars and negative
- kappa do not, kappa and tau obviously cannot be identified.
Sard : Is there any reason why the kappa-decays should not be due
to both negative and positive particles.
Powell : No reason.
Crussard :The three S-particles observed by the Ecole Polytechni-
que were positive.
Peters : It seems that we have the same situation as existed
before the discovery of the pi-meson.A link rmust exist to
give rise to the kappa-particles if they do not interact.
Perkins :The lifetime of the intermediate particles must be
very short.
Schein : The experiments on the nuclear interaction of shower
particles do suggest on the other hand that kappa-particles
interact. g
Fretter gg:nfcole Polytechnigue claund chambers may settle this 20/ -
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