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Stacks of Ilford G.5, 600-p stripped emulsions were exposed to the
(n

focused K~ beam''’ at the Bevatron. The 6.1 Bev proton beam was incident

on & copper target, und we observed X~ mesons produced at 93° to the beam
direction. The K~ momentum channels of 350 Mev/c and 410 Mev/c were used.
Both ¥” und #" of the same momentum were incident on the stack. The
proper time of flight for the K~ meson was about 10'8 second.

Aleng the traclk scanning was done from the incident edge, and all tracks
of approxirmately twice minimum were followed to the end of their range. This
scunning technique introduces no bias in size or type of stopping found.

The Kp' events were identified by grain count versus residual range.

_ Table I gives a compilation of all X~ stoppings observed to date. For
each p;ong the mezasured range, or g,/go,, and the corresponding energy is given,
The total visible and binding energy per star ie also given.

Among'the 22 ¥~ stars, we have cbserved 6 definite cases of wmeson
emission and 3 additional probable cases. One definite case of hyperon
(E‘*) emission has been observed with 3 possible additional cases.

In the above compilation there are two events which deserved special
attention. Events ?{}. and ‘K"éo each have two prongs emitted which are
colinear to within our accurucy of measurement. In the work done at M.L. T.
and Harvard(z) two additional events were observed. In the following
discussion we will consider these four events. Each event has one lightly
ionizing prong, presumably a T meson which leaves the staci, and a dark
prong which ends. In two oi the events (Kz and KMH 1) a fast L. meson is
emitted from the end of the dark prong, indicating that this prong is due
to a z‘f particle, In the other two events, KZ and KMH 50 DO vigsible
secondary was emitted from the end of the dark prong, which could be due to
a VS" giving a zero-prong star, TableYII gives the measurements on these
four events. e would like to suggest that these four events are due to

-

¥ - meson capture in hydrogen by the following reaction:
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From the observed range of the % and ¢ (assurned) we consider twe

{#} K~ Mass from the ¥ Mass
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For gveérgs Ko and K, .., we take the me?sured Pl masa
2327 + 3 W and calculate the corresponding K mases by use of
conservation of energy and momenturmn, " This assumes that the ?4'
decays oczcurred at rest. £ s the prongs here involved are rather sieep,
we cannot provevthis point and we have to consider the masses heve ob-
tained from %39 and KMH'.I as lower limits to the K mass.

_ if the 53'+ from KMH 1 has decayed in flight, the data would be
more congistent. The total moderation time for the two ¥ particles
observed is 5.5 x 10'"“ second and the -‘}:+ lifetirne ies < 5 x 10'10

second, (4) A decay in flight is thus plausibie. For events KZ and
KMH > we agsumed that M(?‘,*) = M{5:") and we performed the same
type of calculation obtaining the ¥~ mass. These two events cannot
be decays in flight, as no visible secondaries are observed. Table
IT1 - A and Fig. 1 give the resulting X"~ masses.

+ 1 - , bl S
{B) 2 and ¥ Maassges from an Assumed K Mass

We assume a X~ mass, M({K') = M_ = %5.5% .Tm_ 4) 2na

analyze gur data for the resulting 2+ and masses. Events K 20
and KMH 1 givg upper li\mite for the 5 mass, whereas evenis E{Z

and KMH 2 give the ¥ mass on the present assumptions. Table Iil
- B and Fig 2 give the resulting =¥ and (%; masses.

3

The range-gnergy table of Barkas and Young was used to periorm these
k; & £

calculations. As more such events becoms available cne should be able 1o dis-

tinguish between decays ia flight and particles coming to rest.

It is interesting to note that if the above interpretations are correct,

it implies that 4 out of 34 K~ (6) mesons aave stopped in hydregen in the

emuleicn., If we take 35% of all sﬁoppings/ﬁ) to occur in the light elements

{C. 0, N, H}) and if we assume that the 7 law for w~ and ¥  stoppingo

{8)

applies in this case, we get Gy = 0.3% Fyy where



.
= ‘5 2
S‘H . Fi : PH = 1,188
Pefc, Po”o ; PuTN Pc v PO+ PN
ﬁ" A
e 8o N

45 the fraction of stoppings in hydrozen. Thus GH‘ = 0.064 or 6.4%, which .s
consistent with the observed nurnber (within the poor statistics.) This does imply,
however, that the effect observed by Panofsky, Aamodt and Hadley (9 {or w
mesons, in whicha. w~ + H mesic atom moves close to a carbon or lithiua nucleus
and then transfers the 7~ to the heavier pucleus, does not apply to K~ mesons.

This work was carried »ut under the auspices of the U.§ Atomic Energy

Cormmission.
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Compilation of ¥~ stoppings

Event Prong and Range g/g Euergy Visible Comments
Identity o Energy
o + Binding
: Energy
w Mev Mewv -
K; ! o 174 5.1 13
2z p 609 | 10.5 18
3 p 275 6.7 15
4 p 670 11.2 19
5 - p 18900 75.6 84
o F1 1.43 62 290
2 7% 349
'{5 1 (D) 695 . 12.7 (1) and (2}
z w 1.31 75 % 11 : colingar -
+ T - see discugsion
‘ below
X3 !oop 2200 | 22.2 3
2 1)) >11760 : > 57 >6%
3 p 87 ‘ 3.3 11
4 P - 10C0 14.2 22
5 P 3110 27 33
) P 7929 ' 46 54
YN
“a i P 3350 28.2 36
. 36
wo i P 513 2.6 18
2 P 36 1.8 i0
3 p >794 : >12.4 >20
4 war {p) 1.44 60 200 ' p, E =220
. o+ T X »>Z285 ’ Mew
f'Ie" i o) 64 2.7 S 11
2 w 18700 30 i7e
3 T 1 .- o
>T8T
il 1op . 27280 | ' 44
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Table I {cmtinned)

vent Prong and Range alg Energy Visibla , Commaer o
id entity . o Energy _—
’ + Binding
Energy
v . Mev Mev |
E g i p 8500 ' 46.3 54
2 P 11 R g
3 p 25 1.5 9
4 P 1220 15.8 24
5 P 21000 80 88
‘ 154
w'; 1 p 19 1.3 9
: 2 p 2750 : 25 33
Eya
l'J i P 23 1.4 .9
2 = 75 215
- i ;JZ §
9 1 wore 1.13 93 233 ..
1 & 77, -3 a8suming W
K7, T o 2 2
N 2 P 70 2.9 _ il
3 7 or {p) : 1?9 53 190 If p, E =175
= b > 21 Mev
13 0 : . 69" ¥ Dbleb at en!
: : P
K, iIop B4p : 3.2 11
2 o 24 .
-TT
s i p or {F) 5630 38 46  Scatter {cr
2 o 216 5.7 14 decay) gf Droag
i p 448 8.8 17. 1 by 49° Krec
) T 4000
Lo 1w 3720 13.1 ’ 153
! 2 p 1850 20 28
3 p 226 77 15
4 203 5.5 14
. 210
.7 1 p 23.5 , 1.4 ° ’
2 p 763 12.1 | 26
3 p 420 5.6 17
4 p 63 1.3 i
e
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7 .ble I {ceontinvaed)

Ll o

Zvenat Froag ang Runge afg Energ Visibie oY
identity ° Eneravy
+Binding
Energy
B . Mev Meav L
T 1 po (®7) 215 12, 5 2 Prong (1} ©
2 p 154 3.7 1z 1.1+ .4 M he
3 p 3369 - 28 36 two short ©co-
4 P 2.8 5.7 14 iinear prouzs - .
5 p 315 7.3 i5 its end. R.age
6 P 108 3.8 12 9.6 and 17y oo
159 he concideace
S {or ¥ si.u),
.Y{;q 1 P YA D 47 55
‘ 2 P 121 5.2 13
3 p 223 5.8 14
4 P . 125 4.1 12
® . 1 5 899 14 (1) and (2
- 20w ~1.1 ~ 85 colinea:r gee
: ' discues: on
below
4 .;1 1 p 4000 31, %%
¥, 1 p 17 1. o
22 > p 16 . ¢
3 p 2164 A 3u
yom

Energies are cornputed on the assumptions that all prongs are, protons unless other

wige stated.
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Table II

: . %
Measurements on Cclinear Events.

CRL-3044

ooy
S
0

- ST
Event Prong 1 (T) Prong 4 (w)
] i 1 N
Range Dip  |Moderation | Notes glg o ,  Dip
time ) i
. G
’ Az/100 i in units of ‘i i Az/106 ¢ )
M sec.é I
| i
. 4 T " - o
K.’.O 3()9 + 4\} -41.4 ; | &.5 ' gse(c?;nziary ~11 & .2 H Y 41.3
®. 570 + 25 P YN 321 ,-
. MH ‘ ) | isecondary i
o § > ) 2 o ‘
%, 675 + 25 +24.3 | 2.3 1 Novisible | 1:31#7% | 55.5
| fsecondary i
" -
. I (£ .
K- 2 691 + 45 L 43 INo visiid |
T " -~ lgecondary i
i
A -t !

!
!
;
i
i

}

The projected colinearity of prongs 1 and 2 in all four events is beiter than 9.5°%,

3
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| . Table III
K~ and {(or) ' and £~ Masses from the suggested reaction K™ + H=) =%+ 7
 Case A .
M{K"} in m,
Event - Emitted ’ e : Case B + (4
Particle (ME +=2327x3 mei - Assume M(K”) =M(7) =965.5% .7
+ ) -
- + : ., "M{z"} M(z
Koo z 2966 = 6 m_ 142324 = 4
- + - - i
KMH 1 T %935 + 5 m, £2355 = 4
Assume MZ‘, ME_+ =2327 = 3 my
K;: (72“3 = 952 % 5 m 2338 + 4
Koo s 2 (=) = 95127 m, S 2338 % 6

-
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Figure Captions

Byp. 4 Vase o' ¥ particle versus raage of T Darticle .or the
: w & T
reaction ¥ t Hewas g™ + 7
sssumption A M{zh) = M(zT) = 2327 ¢ 3 Mg - The 4 experi-
nental § ranges and their correspondine K~ nasses are chown.
; ; + ) - R .
Fg 2 Mass of ¥' and ¥~ versus range of ¥ particle (3¢ the

. - ,
reaction N 4 Hewdy 4+ n‘?.

Fegzumnption B MK )= M{7) = 165,55 The ¢ experimental ¥ ra1es
- R + N - . "
and the corresponding §© ‘and ¥ masses are shown.
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