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One of the basic problems in the classification and understanding of K;mesons'
is the relatioﬁ between the various modeg of decay (&ngff Q*} §U2, 5“3’ K e3 and 2{).
There has been mﬁch discussion recentlyl on the K;meson mass and to what extent the_
masses of the various K-mesons (or perhaps just different decay modes) differ from
that of the T -meson (965.3 me). |

In this connection, we want to report here on a KL+—particle which underwent

a scattering from hydrogen in a nuclear'emuision stack and thus enabled us to

obtain a rather good mass measurement. The mass value obtained as the weighted mean

of two independent methods is 973 + 12 m.

The emulsibn stack (Ilford G.5, 609u peiliclés) was exposed to the. focuséd’
K+'beam2 of the Bevatron in a momentum channel of 4114 12 Meﬁ/c (proper timg of
flight of ~ 1078 sec.). The incoming track was picked 4 cm after entefing the
stéck bn the basis‘of the expected grain density for K-particles of the appropriate
momentumi. On following the track, the scattering event (Fig. i) was found after
5.16. cm bf travel in the emulsions.3 Both the two outgoing tracks end in the
emulsion., Oﬁe is a proton'of 2.427 j.0.0BA ;m)fange (variablé-cell-length scattering
measurements give a méss of 0.96 jj0.3 Mp)' The ot;er is a K-particle of N
32;21‘tv0.5h‘mm rangé which emité a secondary on coming to rest. The secondary»
particle is emitfed at é dip angle of 36° and leaves the stack after traversing

seven pelliclés'with a path length of 7.1 mm in-the stack. Grain density and blob

density measurements have been nade‘oh the track of the secondary relative to

-280 4 20 Mev fy-mesons, (See Table I) The average values obtaiﬁgd are g/gg:-4

1.25 +0.03 and b/boz 1.17 1 0.03. These measurements permit us to exclude av
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TABLE I

Measurements on the Secondary of the Scattered K-Particle<a)

Emulsion Number Relative Grain Den31ty( ) Relative Blob Density(b)
' ' g/go (Tlf ~ 'bfby
31-12 1,16 +.08 1,03 1 .08
$31-13 | C119+.09 - 115 +.09
n-u 1.31 + .09 : 1.19 +.09
31-15 | 1.43 —_f .09 S L33 4.09
31-16 138 4.09 1.23'4 .09
31-17 115+ .07 1.8 .’: .09
31-18 1.14 + .08 | | 116 .09"
Average 1.25 +.03 1.17 + .03

(a) The graln density and blob density measurements were normalized to mlnimum
ionization by comparlson with 280 +'20 Mev 7 -mesons of 1. 007 + 0.005 minimum
in each emulsion.

(b) These values include a dip correction by.the cosine of the dip angle.

YUt-meson (T ="+ 2+%0) almost with certainty as the’Z' can give a 1Y -meson
of energy up to Emax: 53.0 Mev corresponding to a g/go=-1.63_and a b4b0= 1.37. 43
-Qur ﬁeasured values are 13 and 7 times»their respective'standard-deviétidné,from
the latter values. The measurements on the scattering event (seé Fig. 1) are
summarized in Table II. The errorS'fbr.thé angular measureéments iﬁélude obsérva— 3
tionai errors énd the effect of multiple scattering‘ Sinée‘all dip';ngleé in the
scatterlng event are smaller thdn 59 , errors in the dip angle measurements ‘and
distortion effects hardly influence the space angle. The maximum dev1at10n of one
prong frém the plane of the other two is 0.45° which is of the same order as the

‘

deviation evaluated from the errors in the measurements., The actual mass deter-.

o

mination was carried out by two independent methods.

a. From the scattered K-particle range and conservation of transverse
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TABLE II

Measurements on the Scattering Event

UCRL-2998

. Particle

Measurement

Incident

| K-Particle

,Scattered‘

K-Particle (K')

Recoil

Proton (P)

Dip Angle
Projected Angle

Raﬁge

Hange ‘
(corrected for dip)

Space fngle

+4.78° £ 0.33°

[-3.85° + 0.27°

38.9° +0.18°

132,07 +0.54 mm

32.21 +°0.54 mm

38.80° + 0.2%

-1.04° +0.07

Q

o o]
59.1° +0.34

2.427 + 0.034 mm

2,427 + 0.034 mm

59.12° +0.35°

(computed)

T

momentum: In this method two;sets of the quantity/A?K, r

g1 are obtained for 

assumed K-particle mass values. (1) The quantity Ry,/My is a function of

" the veldcity of the K-particle only. ‘Thus from the measured value of RK"

we have obtained a set of values of;/gx. & g as a function of the mass of

the K-particle. (Curve A, Fig. 2) - (2) The momentum of the scattered K- -

particle (Py,= 289.15 4 1.85 Mev/c) is determined by transverse momentum

~balance from the proton momentum (P_=

P

211.08 +.0.91 Mev/c) which has been

. obtained from the proton range. Using ﬁhis momentum for the K-particle,

another set of values of &y, 77 (&, X ¢, = PK,/MKc) as a function of .

K-particle mass is calculated. (Curve B, Fig. 2) The intersection of the

bands formed by curves A and B, together with their résﬁeétive errors, gives

the K-particle mass as 972 +12 m,,

In passing from ranges to momenta we have»used the tables of Barkas

and Youngé which aré based on Vigneron's calculations.7 This method utilizes

the range and space.angles of both outcoming particles and is principally

sensitive to the errors in the range measurements. As two range measurements
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are used, uncertainties in the range-energy relation and emulsion composition

‘tend to cancel out{.

b. From.the conservation of energy and momentum in the scattering event:

In this method the K-particle mass' was expressed analytically in terms of

the recoil proton energy (frém proton range) and the two space angles only.
The resulting mass is 984 -+ 79 mg . The much larger error. inherent in ihis
method is mainly due to the véry strong derendence on the error inithe
angular measurement. The agreemént Betwgen the two mass determinations
togethef with the coplanarity check apd the absence of a recoil or electroni
at the scattering cehter (Fig. 1) leads us.to believq.that our interpretation

of the event as a K~hydrogen scattering is correct,

We wish to thank Professor E. Segfé‘fpr many helpful discussions.
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Fig. 1. A photomicrograph of a K-hydrogen scattering event
Eg = 102 Mev. Both outcoming particles come to rest
(endings are sketched in) in the emulsion. Ryt = 32.21 mm,
Rp = 2.427 mm. (Observer: S. Livingston, Photomicrograph:
R. P. Michaelis)
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Fig. 2. A plot of ., vt as a function of K-marticle mass, Oupve
. K! YK
. ® !

A is based on the scattered K-particle vrange Rg' = 22.41 mun,
Curve B is based on the scattered K-particle momentum Fr =

- 44
289.15 Mev/c which is obtained from the recoil proten range,
The intersection of curves A and B iogether with thelr err

1

or
limits define the K-particle mass as @72 1 1 "_‘mo. The mass

of the T-meson M,r'is shown tor corrparison. -
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