ARVENTEROS-No, 1 doubt it. It is true that the eveols missing have 1n
general angles greater than about Y0°%, it thig ghould not
affect their detection. Iirstly, the proton - heélng emitted ILorward
in the C.l. -would follow fairly closely the direction of the shower
and thus, on the average, a good truck length would be avallable Lor
its identificstion. Secondly, over « : band of the rsgion in which
events are missing the mescn wonlid, I the proten, he heavily ioni-
zing and this should help ia the detectidn of these V =tracks.
THOMPSON =Jur most probable Q-value ig &7 Mev, Is your value a
welghted mean ? ’
ARVENTEROS-1In plotting the g-value distribution we have taken account
of thse errors in the individuoal @-=volues by considearing
them to be distributed with equal probadility hetween a lower limit
obtained by decreaesing the central value by one gltapdard error and an
upper limit obtained by increasing the central value Hy ons standacd
error.
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9 - OBSERVATIONS - M E NEW

H. Bridge, B. Rossi =(Cembridge - lass.)

INTRODUCTION - For the past few years the uiT group has been operating

a multiplate cloud chamber at un elevation of 5250 meters. 1 would

like to discuss some of the general results of this work and discribe
some of the methods uged for anulysis. I also wish to recall briefly
"the results for the Vl-perticle. ihile these results are not new, they
have provided important evidence c¢onecerning the uniqueness ol the 9.
value and the coplanarity of the Vimevent, Por completenegs I will
sumarize again our conclusions colicerning these questions and the life-
time.

A fairly large number of people have contributed to these results
and to the results on the S<particles which will bs discussed later in
the progrem by Prof. Rossi. Those most directly concerned have been :
Annis, Bridge, Courant, Dayten, De Staebler, Olbvert, Peyrou, Rossi,
Safford, and Willard.

Fxperimental Arrangement - Practically »ll of our result have been

oE%a{neE by triggering the chumber expansion with a detsctor of high
energy nuclear interactions placed just above the chamber. During. the
past two years, two different arrengements have heen used und -a total

of about 60.000 pictures have been taken.

The general features of the experimental arrangement are as follows:

glhy 50 cm sguare,

Phe cloud chamber itself is rectangulur, approximad
{ recent work

and the illuminated region is 18 cm deep. For most ol ©he \
the chamber contained 11 lead plates 7.1 g em~~ thick (2164 cm) Taced
with thin glass mirrors to improve the illupinasion, Two } 0g¥aphs
are taken at 5° to the chanber axis and two more at 30° to the axls,
(The mean magnification is azbont 1/15 end the photographs are taken at
£: 18, )
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With this arrangement we have observed the decay of several
unstable heavy particles and we have classified these decays as
neutral V-events, charged V-events and S-events.

A, V°-events - The neutral V-events are divided into 3 groups.
Those whi h can pe identified as belonging to the decay scheme P+M+Q
are classifled as ¥ . Those which cannot fit this decay scheme are
called VS and all unidentified cases are included in a third group.

B..V- events - Any charged particle which appears to decay in
flight and which cannot be a pi- or a mu- or & teu-meson is called
a charged V. Obviously charged V-particles cannot always be distin-
guished with certainty from neutrul V-particles,

€. S-particles - Any charged particles vwhich
} gtops in the chumber and emits a lightly
i ionizing particle from the point of stop-

ping is carefully examined to see whether
' the behaviour of the primury end secondary
: particles is consigtent with“that expected
: for a M» P> or a M->e -decay or a
& teu-meson, If it is not,the particle is

called an Se-particle. The following figures
(A show some examples of the events observed.
AN Figure 1 shows a typical identified Vy-
\\Z decay. The V is coplanar with the origin

to 1°, Particle # 2 stops in the well
illuminated region of the cloud chamber
and cannot be a proton because it ionizes
too 1little for its range. Assuming that it
is a pi-mesgn and that the heavily loni-
Figure 1. zing particle /1l is a proton, the momenta
of the proton and meson can be computed
from the transverse momentum bal ance,., The
Q-value for this case is 31-43 liev., The
uncertainty is due to the uncertainty in

\ ths range of the meson, Figure 2 shows an
event in which a pair of V°-particles are
produced. The V° on the right appears to
s be a V1, that on the left cannot be a Vi
= and 1s therefore, classified a&s Vn.
FPigure 3 shows a case in which theé S-particle
originated in a nuclear interaction inside
the cloud chamber,

,,,
AT

e/

/

N
For part of the data we have made a
rather complete statisticel analysis, From
this we conclude that in'the range inter-
val considered in this experiment there
Figure 2. are between 30 amd 100 stopped pi-mesons
per S-particle. One also conclude that most
Vi-particles sre produced by pi-mesons,

I
I

- 2A2



MEASURR TS = The most significant mea-
surements which can be made in the mul-
Afg/, tiplate chamber are those on purticles

which stop inslde bthe chamber., In this

case the range, Ryof the partlble can be
///1§; determined precisely and in addition the
scattering and specific ionization can be

&Rk\\\ meagsured as a funciion of the residual
range of the particle, Since R/ is a

=
f function of the relative specific ioniza-
3 / tion, a measurement oI the ionization ve,

7 ranges deternines the masg. However, we
\\J i feel that our ionigation neasurements are

}4“ \\ only reliable to within a factor of two

and hence this nethod is not very usefvl,

‘\ \\ 4 more applicable method is based
on the theory'oi multiple conlomb scattaring
and is gimilar to methods used by those

Fipgure 3. working with phofomcbmhiﬂ emulsions. To
make use of the scatfering in this way,

One uses an apprOXimate func tional relation be imu&ﬂ1ppdnd R 3

A (?f_&c/ﬂcz) & . 005 < _lf 43 j = 055
Hc l Mc

Here, K is a constant and R 1is¢ the residudl range of the particle

at the midpoint of a plate where the projeet(d auwTP of scattering is@.
One can then define & variable o which is 1udepJnaant of range aund is
a function only of the scatte rlnb ma terial and the mas of the scatie-
red particie. Sz is defined as the r.m.s. value of @R*Vwse where &
and XK have the meaning Jugt given and @ is the sngle the track makes
with the perpendicunlar to the pla te surface. The expected value of 5
for 7.3 g cm~~ lead plates is given by :

< Se>Av g 657/(“/"’& yrsie .

L = g s .y
Expectsd valnes of Sy for several masses and for 7.3 g cm~* thick lead
piates ave givexn in Table I, -

20

Pable 1 Sinece the cioud chambsye
+  containg only 11 pletes the

s : - 3 2 gtatistical accuracy in de-
: 2300 me : 1000 me : Tl ~meson @ termining 3o is poor for
: i 5 : the case of a gsingle stopnad
: H 3 : particle and mass determi-
‘(5 ) ¢ 80.2 : £9.6 y o BELE H nationsg are. correspondingly
By 5 : : : of limited accuracy. However,

if some other method can be
used to group particles of the same kind, the experimental value oI 3
ohtainaed from the entire data csen be used o compute the mass with )
modera aceuvacy; a check on the corrvvtnesa of this roaplur can he
Obtained by plubulng she distribution of the valnas of 8y for each
particle nsed and comparing bthis with $he theorstical distribution,
This method has been used extensively in our analysis of the resulis
on S-particles.
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NEUTRAL V-PARTICLES - The most important results for the Vi are based
on 22 eventsa in which the origin of the V° was a nuclear interaction
visible inside the cloud chamber. wWhen these events are anulysed under
the assumption that the only decay products are a proton and a pi-meson,
one obtains Q-values which are not characterized by the usual statis-
ticel errors inherent in momentum measurements derived from a curvature
in a megnetic field. Instead, one obtains the Q-values by using the
range of one of thes decay products and since in general the range must
lie within well defined limits,the limits in Q must be correspondingly
well defined. In 13 cases qQ is detennlned to 15 [iev or better,

]
"':f_i If there is a unique Q-value and if
i the limits in range represented the
_ pp—p—y only uncertainty in the measurements,
e - all the measurements should overlap
- N and therefore, -all horizontal lines

bt in . the figure 4 should be cut by a
. single vertical line. 4s one can see
) from the figure, this condition is

i o v dQ‘<, very nearly fulfilled at a ¢ = 37 llev.
e b _d3 =7 One case gives a Q-valu® which seems
] | 48 > (6872) (60-71) too high, and one case
a . 74 (48480) (17-24) sedms @efinitely low.
b . An occasional low value for the Q
p—t | must be expected because a nuclear
:Fr-* ! interaction can cesuse the range of
e I the particle to be smaller than its
t-——{—-:-—q true value; hence the Q-value will
T R T R 1 R R also be too low. We believe that
18780 80" 40 50 Qvalue (Mey) the slight spread in the data results
Figure 4. from random errors in anguler mea.

surements of the order of 1 to 2
degrees, A two degree error in 3872
would explein the high Q-value. se conslder that the evidemce for a
unique Q-value at about 37 liev is very strong, but that our results
do not rule out the pogsibility that a small fraction of the Vi-events
decay with a higher Q-value.

DISCUSSION, It may be well to recall the evidence that these events

do not represent V°-decays into a heavy ami light meson. This 1is mainly
that no decay-product has been sesn at the end of the track of the
heavier particle, as would certainly be expected if one of the products
were a Keparticle or an S-particle, (5-6 cases)

COPLuaNARITY - For all the 22 events mentioned above, we meusured the
angle of uncoplanarity, § , between the plane of the V and the assumed
orlgin. 16 were Z° or less ani 6 were 5° or less. It is, of course,
possible that some of the identifications of origins are erroneous
and if this were the case, the average velue of § might be increased
considerably. To eliminate any bias of this sort, 16 events were
gselected in which there was a nuclear interaction in the plate Just
above, or Jjust below the apex of the V., This interaction was assumsd
to be the origin of the V-particle. For one event selected in this
manner, § was ~120 degrees, Obviously, this was not the origin of the
V-particle. For the remaining 15 events the r.m.s.-value of § was 2,5°
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was a Ltwo-body-process wi :
the particle lived In its
Ve=-particle in the observa 35

salenlated from this daba must be
finite time of observutlon. In ad
"ZWﬁbi 11to avalilable and unavailahl
Taking this into account, :ﬂe

cors in this result have been vevissd from those origi-
and are calculated according to the method suggested
ster group. Fssentially this assumes that the distribi-
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tion in 1/T rather than the distrivution in < is normul., Since the
ouagtinon of the life-time is to be discussed this afternoon, I will

onit uny further details.,

#e should like to and a stronz word of caution ubout the inter-

oretution of this result. Vr-evento can be mistuken for chirged V-par-
tlcle., partieunlarly in our experiment. Wie have recently found seve-
ral cuses where the interpretation is uncertain, If these cases were
incluvded in the data the llfe time would be significantly longer.
another way to stute the problen is to say thut in our case, the
identificubion of the event es a V«- depends on Ifinding an origln
closs by. i€ this is the case, the llfe time may be grossly in errvor,

DISCUSSION

BLACIETT - Your life-time referg to only identified V] ? Have you

- eny informution on Vp -lifetinmes ¥ +1

BRIDGYE - .2 have 7 cases, giving : T = (O,9_O'g)x 10-10sec,
?

Phis could be misleading, since in order to have its
life-time measured the V2 must be near its origin, thus
biasging towards low times. If it is far away, one isn't
certain of its origin or line of flight,
? - .hat on the relative numbers of Vq ang Vo ?
BRIOGE = Half the cases are not identified:®? Vi, o or 7 V2.

POWELL - Can you say anything about the spectrum of Vl ? Are the
corrections very big for the slow ones %
REYWNOLNS =« 1 will mention this point this afternoon.
10 - PRODUCTION “F Vl BY A ONE BEV NEG.TIVE DPRI.L:RY
W.B.Fretter, 2.P.Gregory, R.Johnston, i.Lagerrigue,
H..eyer, i..uller, L.Peyrou -(%cole Polytechnique)
\ runa;y The Pic-du-iiidi installation of the
: loo Mev/c Fcole Polytechnique consists of two
| chembers one above the other, The npper
one is in a magnetic field, the lower one
AN contuins alternate curbon and lead plates.
It will be described luter,
s\
— Figure 1 shows in diagram form the
[ V5:34<Q<40 event which I wish to describe.
TR
T &600Mey, A negative particle of momentum
77 T 1080 .iev/c is seen to enter the lower
chamber having traversed the upper. 1t

interzcets in the second leed plate giving,

Wizure 1.,
REZATE o



