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D-1 CHARGED V-PaRTICLES

C.C.Butler -(iianchester)

1,-Introduction - Remarkably little progress has been made in
the elucidation of the properties of charged Veparticles since their
discovery in 1947. This is probably due to two difficulties -

(i) Only about 15 % of the decays of all Veparticles are due
to charged V~particles,

(ii) Up to the present, very few cases with accura:ély measured
primary and secondary momenta have been obtained. (This difficulty
is particularly true in the experiments of the llanchester group on
the Pic-du~iiidi using a chamber only 28 cm. in di aneter).

I propose now to describe the maln features of the work on
charged V-particles by the lianchester groups working at the Pic-du-
11141 and at the Jungfrau-Joch. The latter group directed by il, J.\.
Newth. Both groups are indebted to I’rofessor 3luckett for his generul
direction and advice. Whenever possible, detuils of othsr published
work is included.

2,«The masses of the primary particles.- llass values for seven
charged Ve-particles are given in Table I,

TABLE 1 THE LIASSES OF SEVEN CHARGED V-PARTICLIS

: : : Angle of : Primary:Estimated : ﬁStiméted R
¢! No.: Sign : deca :Momentum:Ionization: : 2

3 : : (deg{ : (iev/e): : Lower : liean : Upper
L : HEN : : Limit : (mg) : ILimit
$1 d2 1 = H 95 : 230150 : 2.5 - 56 : 600 : 1000 ¢ 1500

$J6 ¢ - 3 55 $ 350460 ¢ 2 =4 : 800 : 1300 : 1800

: P38: + : 145 s 130+24 : 5 =15 : 580 ¢ 950 : 1500

$SEEa R W g 70 : %68%62 : 2 -3 : 800 : 1100 : 1500

s P11: + 3 20 s 590174 <2 ¢ - § = : 1600

: p22: + : 63 : 420%42 < 2 : - P - ¢ 1200

: L1 - : 100 ¢ 185420 : 6 =10 : 900 : 1200 : 1500

29 0 06 0¢ €0 0% $& 9a 00 S84 uP 3o 63 SO

J: Jungfraujoch Group - P: Pic-du-iiidi Group - L:Leighton et al,

l9s2
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4 single mass weasurement has
we may conclude from sll the data t

(i) The average mass is about
value for K-particles;

a very limited significance but
hat :

1100 mg, i.e. close to the average

(11) There is no evidence for particles heavier than the proton,

(ii1) There is no evidence for p

4.= The charged secondary part

articles with masses)l500 me.

icles - iieasurements on two slow

secondary particles are consistent with their being either pi- or

mu-mesons, Recently the Plic-du-.idi
in #igure D-1, 1.

group obtained the event shown

A slow charged V-particle, having a mess within the range (500 -

1500) me is emitted upwards; it dec
the illuminated region. The charged
acecross the chamber and enters the
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Figure D-1, 1

the neutral secondaries. Someftime
a remarkable photograph of a double
that V°e-particles may be produced b
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Figure D-1, 2

ays close to the front edge of
secondary product travels back
piston. Close to the point of
entry into the piston a slow
meson enters the chambsr with
a momentum ofNG5 iiev/c, The
most probable explammtion is
that the V-secondary is a pil-
meson which suffers nuclear
scattering in the piston with
considerable loss of energy -
very similar to the Bridge and
annis case but in ours we are
sure that the primary is not a
superpro ton,

~ 4,=-The neutral secondary particles,

~The Pic-du-..1di and Jungfrau-
joch groups have not obtained any
significant information bearing
on the existence of pi°-perticles;
gamha-rays or neutrons among
ago, the Pic-du-liidi group obtained
decay phenomena which indicates
y Vi -particles. No doubt, most
people have seen this picture, but,
al though it is still the only pu-
blished example, its interpreta-
tion is very importunt.

The negutive primary has a
momentum greater than 1 Bev/c.,
The momentum of the secondary is
(178 ¥ 70) .ev/ec. At a point 1.25 cm,
from the decay there is a V°-track,
The plane of the V°-track contains
the point of the charged decay.
These observations can be explained
by the following scheme : X
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t )
V- =>Ve + (P ) 4,1
(e )

1.ost of the primasry momentum-is given to the V°-particle. Unfortuna-
tely, the type of V°-particle cannot bhe determined from the very
inaccurate measurements on the secondary particles.

e have not found any evidence for V--particles vith masses
above 1500 me. If we regard this mass a&s &n upper linit for the
mass of the V--particle then the V° is unlikely to be hcavier than
about 1000 me., It might be a Vg -meson (mass 964 + 40) me. i.e. the
following scheme is possible :

V==> T + V&
+ - 4.2
Vi T+ T -

The momentum of the V§ can be accurately celeanlated knowing only the
angle (c;f. Butler 1952). The angle of ¥15 + 1,5)° corgesponds to a
momentum of (%.2 + 0.5) Bev/c. The mass of the V- can ﬁbw'be'calcula-
ted agd is found To be (1600 + 90) me. The momentum of the pi” -particle
and V2 in the rest system is found to be (250 + 30)ilev/c, vwhich is
congistent with the velue of (216 + 10) liev/c for the momentum of the
decay products of the chi-meson. Therefore it is possible that the

V- is a chi-meson but the mass is definitely considerably above the

mean value for the K-mesons (1100 me). :

It is possible that the associations of the two V-decays is
fortuitous. The V° may have originated in the nuclear interaction in
the plate. This possibility cannot be excluded from the reprojection
measurements, An accidental association of this kind, however, is
gyery remarkable, since it requires the production of a high energy
V°-¥artic;a in such a position as to satisfy the geometrical require-
ments of two successive two-body decays. In addition, the momentum of
the V-particle has to be well defined to satisfy the agssumption that
the V= is a chi-meson (e.g. if the V° had a momentum of 1 Bev/c
ptas120 lev/c and 1 Bev/c is about the average momentum of the V°-
particles produced in the plate).

If all the charged Veparticles are chi-mesons and decay according
to scheme 4.2, then the lifefime of the V3 -particle must be very
long, probably about 5 x 10-9 sec. (This velue is the same as the
lower 1limit obtained by Bridge et al. (1953) for the lifetime of the
neutral sgcondary produced by tEE”Q:bartisle). However, the mean life-
time of Vo -particles is about 1.6 x 10-1V gec. (astbury et al. 1952).
Thus the iraction of Vi -particles which decay by scheme Z.2"Is very
small. Alternatively the Ve-particle is not a V; -meson but a longer
lived particle.

5.=-Examples with measured imary and secondary momenta - A few decays
have reasonably accurate measurements on both %ﬁE primery end secon-
dary particles. Using the momenta measurements a test may be made to
see if these decays could have been preduced by chi-particles. By
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performing & Lorentz transforumation, the lngi tudinsl ouentnm cowno-
nent of each secondary particle is found in the rect s sten of the
unstable particle, The velocity of the primary pariicie is deteri.in=d
from its ionization., Alternatively, it is possible to cssume a moos
for the cni-meson and to calcelate the veloeibty Lfrom Lhs aouentuun,.
The value of p¥*, the wowen*um of the secondery in the rest svete., ic
then obtained by combining the longitudinal componont with tie value
of pp, The final vulues of p¥ are shown in Table II {unext page) for
four [ anchester exaunles, one by Teighton et al (1287} and tuo selec-
ted examples of Lridge et al, (1953). Five of The usevsn vulues of

p* are consistent with The value for the chi-meson., Pil is an excey-
tional case and cannot have been produced By 4 chi-wcuon. "he secon=
dary momentun of (107 t 25) .iev/c would have to bLe increased by 90%
in order to increase the p¥ to the vulue of £16 ilev/e for the chi-
mneson, The increased momentum would be inconsistent viith the ionia-
zation if the particle 1s a pi-meson. The example B2 is probubly
similar, since the upper limit of the pi-meson womentum in the cenire
of mass system is 187 ilev/c; this is propably significantly smwller
than 215 Mev{c. Je conclude, therefore, thut some of the charged V
and S=particles differ from the chi-meson; these exuuples may well e
kappa-mesons, - «

6.~ The transverse momentum digtribution.- The main conclusion fron
The meosurements described already 16 that the .njority of the VF
-particles consist of u unixture of chi- and kappa-mesons. It is
int.eresting to
4 . . i enquire if any
(3) s~ _ f:, information on the
No. S, £ . led relative frequena
7 \(1) posifive cies of the two
31 ’ ﬁx i S types can be ob-
/ (2L =N \ tained from the
4 el / \ N\ \ distribution of
2 - / 7 | A _ ™ \ the transver:e
For pf v \ N \ nonentum compo-
_ nents, The expo-
|+ \ N\ rimental distria-
"Hi = bution for 25
14 “ . RN cases is shown
/ in figure D-1, 3%;
3 e a ~r
o 40 90 120 160 200 240 280 320 %goésbgagbezégpfree
Pigure D=1, 3 B (Mev/e) for the region
i ~ Dbelow 50 .ev/jc.
curve (1) is the theoreticsl distribution for a 2-body decay with
p¥ = 216 iev/e i.e. for the chi-meson,'Phe theoretical distribution
is modified by an average experimentul error of 15 . This curve does
not fit the data very well but @ statistical chi® -test shows that we
cannot regard the deviation of the experimental histogrum as establi-

shed statistically.

curve (2) is a theoreticsl distribution for kappa-umesons calcu}ated
From & fomula given by York (1952). The decay scheue assumed is 3

and the mass of the W is taken to be 1150 mg. 4gain a chi? -test shous
that this curve is compatible with the experimentul histogram so th:t -1



-

ELUTS 05

et

T
i

LES

-

DARY EA
SEVEN CHARGED V-PARTIC

j

T
k]

TMARY AND SEGC

el

.

TADLE II,

s be

\D
£

se e

[ A 1 ]

°P 0

by
fq

o
[aH

8 o9

P3

LN 7

o9 20

o.

°0 29 60 00 4 Po e ev 00 LE nE

e

[ L]

0 ase

sy o9

£ 1]

Sizn

LLTE ]

2-1

e ve Pe

LAY

L2

*e 00 a9

e 80 oo

(&
.
|

\O

G
S

onigzation o
?1mary(Imi

ey

W
(@)
o
&

CJ

.e

0. 5<0.62

.

"R

« 92

0083"0

L4
.
H
b4
L]

O. 29-0. 43

:

z3

26-0.

° ().

as se .0

$Pripary
Velocity

!
0
b

*e a0

LI 1]

*e o0

150 15

in
ste

onentunm

el
® 4ol

:Secondaxry

T~
N
A
Q -
(B WA
Lox i
11
O \0
135 W
r o4

o8 =% be
[te}
<t
)
)
(Q]

ESid

Q
O
5!
W
N

107425

8 +61

44

+8

26

sy el T
e
tSecondary

(

? lat.

Mev/c

(1]

®0

we

*» o9 wo

»e =0 pa

e wd we

o0 e9 w9

*»

*°e

*0

in

momentum

?-s

stem
/c)

J
Vev

H

#8 8s sm oe

2122-153

172-225 :146-187

21%4

oe

oo

21703 2

T <meson 3175+ 2

i)

(ii?) p —meson

e o0 ae

¥ Calculated privary mass aboat 1500 Hge



D-1

a large fraction of the v -particle could be kappe-mesons.

Curve 3 is siwmilar to curve 2 bubt calcunlated from a mass of 1000 ne.
Tn this case the .£it 1s not so good and &ll the Vi -particles cannot
be kappa-particles with this mass,

Je conclude that owing to the overlap between the pp distribution
for the chi-meson and the distribubtion calc¢nlated by York for the
ksppa-meson we cannot hops to anlkte u statistical separation between
the two types, using 4 meagre amount cf data.

7.=- The charge symetry of charged V-particles. Leighton et al, (195Z)
Rave drawn attention to charpe assymetries il their data on charged
V-particles. These resultis are compared with those of the Pic-du-
-idi and Jungfraujoch groups in Table III,

_ MABLE 111, - THY CiiaRGE DISTRIBUTION OF CHARGED V-PARTICLES

: : Sy : : g
s Oriein ] tharge : 1&?*‘ : 10% fiducial
: Elg e Pos%&ive : Negative : T~ limits :
s - i 3 = g 3 Q
:1,ibove Chamber : 5 : : :
: Jeal, Tech, : 8 : 18 : G485 3 0,23 - 0.8
¢ Pic-du-lilidi : 9 B 17 : 0,65 ¢ 0,28 - 0,9 ¢
¢ Jungfraujoch : 11 4 5 : 2.2 3 0.98 - 5,80 ¢
: TOTAL : 28 2 40 ¢ 0.7 ¢ 0.49 - 0,928
:2.,1nside Chaaber: : : 2 "¢
s Ual, Tech. : 18 : 9 P 2,0 3 1.Y == 5,7 H
¢ Pic=du-liidi : 1 3 o : : . :
:  Jungfravjoch : 1 . 1 . 5 :
: TOTAL s 50 g 15 : 1.8 :: 0,960 = 2,85 :
: OVERALL TOTAL ¢ 48 ] 5% $ 0.9 : 0.68 - 1.88 3
The Cal, Tech, and rfic-@u=-.1di zrovps find & negulbive exesen &0
charged V-particles proiuced above Glheir chombers, The 10 0 i 1

linits, cuslculeted using the tubles of risher .nd Tatews, ars gi
the last column of the table. In contrast, the Jungfruujoch groun &
an excess of positive particles. The overall value of ¥ /N= is C.7
and there is a 105 probability that it is as high as 0,98, Thus there
is no definite evidence thaut the negative particles predominate.

Similarly there is a tendency for the charged V-particles produced
inside the chamber to be predominantly positively charged but agsin
the result is not really significant. -~§5=
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I would like to comment briefly on the interesting discovery of
a4 positively charged V-particle with a secondary heavier than the
pi-ueson(York et al. (195%)). Je have made accurate measurements on 25
Vi -particles and have not found a similer example . The measurements
on the primary particles are very incomplete, but there are five cases
which could be heavier than the proton(i.e. have secondaries of pro-
tonic mass). Now York et al have suggested that their event may be an
example of the decay of a V§ ~particle according to the scheme:

viespt + 7 o+ g 7.1

1f the V] is the charged counterpert of the .V ~particle and if it
has the sSame mass, then ¢ = 40 ..ev and the ma%imum possible value

of pm = 110 .lev/c. However, all of the five positively charged
Veparticles which might be more massive then the proton have values :
of pm greater than 11C lev/c. Thug we consider that only a very smsell
fraction of our events could be V] -particles (with 4 = 40 Ilev).

DISCUSSION N

Peters = Apart from mass values only one event might distinguish a K
and & chi - the one vhere the secondary suffers a large angle scatter
in the piston - could this be coulond scatter of a pi

Butler - ifter scatter the meson hes a mwoumentum of 35 .ev, before
¢
scatter the momentum can't be measured but is provadbly
130 ey - at such a value coulomb scatter of the‘p is unlikely.

Sard - Until the K decay spectrum is known the‘p-e curve aight be
used to find the p» distribution.

Butler - This is what York has done,

‘1ichel - The.theoretical spectrum is not unambiguous, there are other
possible curves, In the cusc of & zero wass neutral particles
the shape could be very different,

ewth - Ivent P22 (see figuvre) differs in its dynamics from the

others - in view of the results of the Cal., Tech., who find
¢ life times, could yow say how long this V 1lived in the chamber ¥
Butler - 5 x 10'10. I% ig of positive charge.

P&

Devron - In & determination of the momentum in the rest mass system
et . - . . B

does the biggest error come from the ionization estimate on
the secondary momentun?

Butler - Secondary momentum,

? - Can you say anything of the energy of the particles that
creates the V ? '
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Butler - Few of our Vi's come from the plate; of those that do,some
are created by high energy particles,some by more moderate
energied particles (few Bev,)

D - 2, RECENT LIEASUREMENTS ON CHARGED V-PARTICLES

£ LE %) A DA £

R.B, Leighton -(Pasadena)

liost of the observations have been made in 2 chambers separated
by a Pb plate and surmounted by a Pb productioqhayer.

Relative frequency of 7' and V"= It has been already-reported (Phys.
Rev.) that for charged V's produced in the production layer there is
an-excess of negative particles whilst the reverse is true for V's
formed in the plate, The latest figures still indicate this. Below

the total results to date are given, the brachetied figures being those
already published :

: : No of V' : No of V= :
! From production : 14 (8) : 25 (18) :
¢! layer : : g
¢ From plate H 22 (18) 2 12 (9) 3
¢ Total : 36 (26) S 37 (27) g
If all charged V-particles are the same, the probability of an

asymnetry as great as the above is about 10-<,

Life-Time - The possibility of there being 2 V-types with different
positive to negative ratios is supported by the measured life tinmes.

CHARGED V-PARTICLES 7-}-— CHARGED V-PARTICLES
distribution of (x/d) g} & distribution of (X /d)
54 SOHUOLINE - POSITIVE ABOVE < 54 SOLID LINE - POSITIVE FROM PLATE
41 DASHED LINE - NEGATIVE ABOVE Q f‘ DASHED LINE » NEGATIVE FROM PLATE
m
31 © 3 =3
2 1 | : r== : ] o 2 4 ; ==
1 =1 ! -I ’ '—;-l - g 14 bt -
[ | I i 3 .-?I i | | |
L L ok T v W =N, L T L {l L) T J' i v 1] L
0.4.2 345 .6.7.8.9 p 0 3.2 .34.5 6 1389 1w
(x/d) (%/el)
Figure D=2, 1 Figure D=2, 2

In the upper chamber the decay of both positive and negative par-
ticles is distributed uniformly. In the lower chamber, there is a
high proportion of vt1g decaying near the plate.(Figure D-2, 1 and 2).



