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Stacks of llford 0.5, 600- V- strip~ed e:nulsions were exposed to the 

focused K- beam ( 1) <->:.t the Bevutron. The 6.1 Bev proton beam wus incident 
' • 0 

on ..::.t copper target, .:.t.nd we observed K mesons produced at 90 to the beam 

direction. The 1<- momentum ch..lnnels of 350 Mev/c and 410 Mev/c were used. 

Both ~- and w· of the same momentum were incident on the stach. The 

proper time of flight for the T<- meson was about 10 -S second. 

Along the track scanning was done from the incident edge, and all tracks 

of approximately twice minimum were followed to the end of their range. This 

sc~nning technique introduces no bias in size or type of stopping found. 

The yp· events were identified by grain count versus residual range. 

Table X gives a compilation of all K- stoppinge observed to date. For 

each p~ong the measured range, or g/g
0

g and the corresponding energy is given. 

The total visible and binding energy per star is 'also given. 

Amcng•the 22. ~<-:stars, we have observed 6 definite cases of 'fi'~rneson 

emission and 3 additional probable cases. One definite case of hyperon 

('T.-+) emission has been observed with 3 possible additiortal cases. 

In the above co~pilation there are two events which des·erved special 

attention. Events ~<z and I<io each have two prongs emitted which are 

colinear to within our accur;;.t.cy of measurement. In the work done at M.I. T. 

and Harvard(Z) two additional events were observed. In the following 

discussion 'Ne will consider these four events. Each event has one lightly 

ionizing prong, presumably a 11' meson which leaves the stack, and a. dark 

prong which ends. In two of the events (K2 and KMH 1) a fast L meson is 

emitted from the end of the dark prong, indicating that this prong is due 
~ 

to a T · particle. In the other two events, K 2 and KMli 2 , no visible 

secondary was emitted fl-om the end of the dark prorig, which could be clue to -a .,.. giving a ze1·o-prong star. Table II gives the measurements on these 

four events. We would like to suggest that these four events are due to 
...... - - :··neson capture in hydrogen by the following reaction: 
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Frc):-n t.he v'br;e1ved range of the !; and ~ {assumed) we consider tw::. 

(!) f{ ,. !Vlaos from the 1) Mass -
+ .For events K2(' and J{MH 1 we ta.~~e the measured T mass 

2327 ± 3m , (l) and calculate the corl'eeponding K- mass by use of 
e . . 4 

conservation of energy and momentum . .'This assumes that t.lv~ ~ · 

decays occurred at rest. !' s th.e prongs here involved are rathe1' 8teep, 

we cannot prove this point and we have to consider the masse~l he1·e ob

tained from Kzo and KMH 
1 

as lovver. limits to the K" mass. 

If the ,; ·!-from !<:MH 1 has decayed in flight, the data would be 

more consistent. The total moderati-on time for the two1:: p~rHdee 

observed ia 5. 5 x 10 -ll second and the ::r""' lifetime is < s· Y. 10 -l 0 

second. (4 ) A decay in flight is thus plausible. Jtor events K
2 

and 

T:!MH 2 we assumed that M(~~) = M{:;.~-) and we perfo:nncd the same 

type of calculation obtaining the· K- mass. Theae two events cannot 

be decays in flight, ns no visible secondaries are observed. Table 

II! - .A and Fig. l give the resulting K- massee. 

(B) 5J+ al'!-.~. ~- Masses from an .Assumed !C Mass 

We assume a }C mas so M (K-) ::: M = %5.5 ± ~1m (4 ) and .,. e 
analy:~e our data for the resulting !:+ and ~- masses. Eventv K2') 

an.cl ~MH 1 give upper limits for the ~ ~ mass~ whereas ev~uts K 2 
and KMH 2 give the !:.- ~ass on the present a:sst'l.mptiona. Table !XI 

- B and Fig. 2 give the resulting I:.+ c:md "E- ma:~ses. 
The range-energy table of Barl~a.a and Young(S) was used to p'l:"do::-m these 

calculations. As m~re such events become available cne should be able to dis

tinguish between decays in flight and P.articles coming to r.er.t. 

It is interesting to note that if the above interp:~;.•etations are correct. 

it implies that 4 out of 34 K- (6) mesons !uNe stopped in hydrogen in th~ 
emuldc11. If we take ,35); of all stoppingsF) to occur in the light elements· 

(C. 0, N. H) and if we sssume that the Z law for w- and 1-'- stoppingo {B) 

applies .in this car.e. we get GH = 0.35 F H \qhere 
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cts the fract1on oi stoppinss in hydrogen. Thus GH = Cl.064 or 6.4%, wrticll .s 

consistent with the observed number {w1thln the po.:H' statistics.} This does i'rr.ply, 

h::>v.ever, that the effect obseit"ved. by Panof~ky, i'amodt and Hadley (9 } fo:.r: lr"' 

mesons, in which a, 1r- + H mesic atom moves close to a carbon or lithiu.rr· nucieus 
' 

and then transfers the 7r- to the heavier nudeus, does not apply to K- rrH~soh:s. 

Th:s wo:..•l< was carried ')Ut under ihe auspices of the U.S A,torni<~ Energy 

C")(TH'niSSion. 

' 



Event Prong and 
Identity 

Mev 

Visible 
Energy 

+Binding 
Energy 

Mev 

r r . -· 

-~-- ------·------------·---------- ·--~- ... -------------~-

Ki 
2 
3 
4 
5 
6 

p 
p 
p 
p 
p 
·.r 

174 
6fl0 
27S 
670 

18900 

--------------------------

1.43 
± 7 o/t~ 

5.1 
10.5 
6.7 

11.2. 
75.6 
62 

13 
18 
15 
19 
84 

200 
"lif9 

-----------·--~-----·--··-·--------· 

1. 31 
:i: 7fo 

12.7 
75 :1: 11 

( 1 ) a n.d ( 2.) 
c oli n·e z.r -

see discussio:~ 
below 

----------------------------------~-------------------------------------------Kj 
2 
3 
4 
5 
6 

p 
p 
p 
p 
p 
p 

2200 
> 11700 

87 
. 1000 

3110 
'792:) 

-----
p 33::o 

-----------------------·--------v 
? 

l 
2 
3 

.4 

p 513 
p 36 
p >7q4 

nar(p) 

22.2 
>57 

3.3 
14.2 
27 
46 

28.2 

3') 
>6~ 

ll 
22 
3::: 
54 >·n-r-

- ------------·--- ------~~-

1.44 
± 711> 

9.6 
1.8 

>12.4 
60 

13 
10 

>20 
200 

;.Z4i.f 
I£ p. F; ;; 2.20 

Mev 

-----·---·---·---· ----~----...... ---· .... -------~-----------------
p 

2. 1f 

3 r 

64 
18700 

1 

2.7 
30 

11 

>nrr 
-- -~-- .. ~---~---- ... --.... _...,~-..;..·~-.... -'"-~----~----~-.:.. ____ _ 

. ; .: p ' '>7280 

.. -- ------·----~-~~-------·,-~ ________ , ___ _ --------· 



Prong and. 
Identity 

1 p 
2 p 
3 p 
4 p 
5 p 

------·-·----·------
1 p 
2' p 

.. 
~\) . 

Tabl£: I {c )n.timted) 

R<-•.nge gig 
0 

Energy 

Mev 

Visibb 
Energy 

+ Binc;1ing 
Energy 

Mev 

'' 

-----· -··--··----.. ----------~-----
S!"JOO 

11 
25 

1220 
21000 

19 
2750 

--

46.3 
. 8 

1.5 
15.8 
80 

1.3 
25 

54 
g 
9 

24 
88 

tr::~r 

9 
33 
'7fr 

--·-·-----·----~-·--.;,.,__----· ----·-------... -~-,-----·-- ... u·· .. ~ 10 1 
2 

p 
·rr 

23 
1.31 
::!e 7% 

1.4 

75 

9 

21 s 
m 

---------·--- ·-----•-m·----------"""-- -·=---·- -.. ... •--

Ki3 
--

Ki4 

-----
r-: i 5 

l 11 or e 

:!!'' 

p 

1.13 
:1: 7% 

93 233 . 7'3j asoummg ,. 

---------·-·~---~·-------------- ~· z 
70 11 

l 
2 
3 'If O:t" {p) 

.. 2 
2.9 

50 190 If. p, E ::: l7j 

0 

l p 
7.. r 

l p o:r 
2 p 
3 p 

-----·-·· -----·-------
:> "Zt'JT Mev 

·---------------
0 
rr- I< blob at en~ 

p 
- ·------·--·------------· --------. 

84 fl 
2?-t 

---· .. 
.r T} 
\ -· 5630 

ll6 
445 

3.2 

----·-·---------·-------·-· 
38 

5.7 
8.8 

46 
14 
17· 

·-rr-

Scatter {c.:r 
decay) af -o::-o.-lfj 
1 by 49° R:rec 
4000 

. ---------·-~ .. ---· .. --·---- --- ----------·--· ____ .._ __ _ 
1 1T 

2 p 
3 p 
4: p 

372.0 
1850 
326 
.203 

13.1 
!.0 

77 
S.S 

153 
L.8 
15 
1~~ 

71.'1) 

-···· ·:;·---------· --------·------~-----------·------· ---~ 
' ·. '1' 1 p .c 

") 

? !. ., 
p ..J 

l. p 

23.5 
763 
420 

L4 
12.1 

S.6 
ll': 

20 

-.--- ---- - --·-- --~---·- .. ··- ~- . -· - --~. ·---· 



- i'-
1 ""Ue l {ccmt!nt:.cd}· 

!f. 
Zvc:nt Fro:1g ... 111'! Ene1·gy Vi.sibte 

E11er~y Identit·'f 

~· --------'r, 1 p 0 ( :>~ -} 815 
1~ z p P4 

3 p 336') 
4 p !.•. 8 
'5 p 315 
6 p 108 

Y. ~·l 1 p )82:.5{) 

p 181 
3 p . .:.?.3 
4 p 125 

-- -· Mev 

12. 5 
3.7 

l8 ' -
5.7 
7.3 
3.S 

47 
5.2 
s.a 
4.1 

... B~ndin.c· 
Energy 

\1ev 

?,.) 

J2 
36 
14 
15 
1 ?. 

Pronu ( q ' 
1. 1 l. . 4 'V! he;:. 
two shol.'t P co
linear pro·::1<': , . 
its end. R .ng· 
9. 5 e;, nd 1 i' p .::: '- . 
he C..)'nCid<~"lCC 
{or !: .. sL .• :}. ____________ ,-

>':.)5 
13 
14 
1~ 

>-;r 
--- ~----- -------.----------------·-

~;:) 1 
'· .~ 

I: 81)9 
1l' 

14 
- S5 

p) <And (!.: 
coLne<H :=·~.: 
d'scus!5~on 

belov, ---- --------------.--.------------------------------------·-------------

, .. .. 

l{- 1 p 4000 ... 21 31.~ 39 
'"jij 

Ki>. 1 p 17 
2 p 10 

Ll o 
.8 9 

3 p 2160 ::. ~ 31) 
;;nr 

====================:======================-=·==---- ~-
Energies are con'"lputed on the assumptions that all prongs are. protons untes s other 
wise etated. 

• 



Table II 

* Measurements on t.:olinear Events 

UCRL-3044 

Prong 1 (~) P.rong 2. (n) 

Range 

_,_ 

579 ± 25 

~--......,...--------~---·-·· ..... _-"'!"'"' ..... ____ .. ___ ..... 

Dip 

tJ,z/ 100 !J 

-41.4 

+24.3 

I 
I Moderation Notes 

time , 
in units ;:,{ 1 

-11 "i ~ 
10 sec. 1 y 

I 
Jsecondary 1 

I 2.3 I ~- 'I 1..31 ± 7'/:J i 
1 No visible I 

·I J lsecondAry 
K., 

'-' 

Dip 

f).z/lOOf.l 

JF .., 

+41.3 

~ l4.5 

~""---K-..--~-=··=l+--6ct-_l_±_4_5;!.....---...-f..l--l.-3-.....!..:; ti"l b ,' I 
- MH- z 

1 
1 No vis, l 

-~-----. ___ __j __ ~ ________ :_. -·-··---~--. ._.,., __ ...,._ .....,...,.,........._ . .,.._. J-l".:c_o_n~~-rl_ .... $-"""""u~'"-·"'""'' ..... ~,..,.....,.....--,......_. 
* The projected colinearity of prongs l and 2 in all four events is better than 0.5° . 

. ) 

I 
00 
I 



Event 

K~o 

KMH 1 

--

K-
z 

K~-H 2 

Table III 

K and (or) l::+ and ~- Masses from the suggested reaction K- + H~ "E.: + 1r: 
- -- - -- --

CasG A -
M(K-) in m 

-Emitted e Case B 
Particle (M + = 2327:!: 3m )( 3} Assume M(K -) = M( 7 +) = 965.5 :t: • 7(4) 

E e 
-

I !· M (E+) z:+ 
M(~-j 

~966 :!: 6 m 
e 

~~ ,. I -~ 

~3Z4 ± 4 

, .. . 

l 
f -

. - . 
, . 

'E+- ~355 ± ~935 ± 5 m 4 e 
' 

-- ·--. -- - -
Assume M -= I: M'E + = 2327 :1: 3 m-e 

-
-

(I:-) = 952 ± 5 m 2338 ± 4 e 
-

l 

l I (:E-) = 951 ± 7 m 2338 ± 6 
e 

-

r 

I 
-.o 
I 



' ~-.~ ' I . l ),, • - \1as s o' I<' particle '1,; ~Jarticle . or the 
- .t. reaction K 1-H.,--t~ + 

·':ssunption ,il.: M(!:,t) ::: M(E-) ~ 2327 :: 3 'TI e The 4 expe ::-\-

··ncntal 'F, ranges and their c ::Jrresponci.in~·· K- :-1as ses a.re E hown . 

.,. -
F r;" 2 "Mass ()f E and ~ versus range of I:. p<Hticle L';.r the 

:t·eact:on ~\'- + H~~ + + nr·. 
fs~u··nptton R: !'A(K )-= M('T)-- 165.5. The experimental!: ra1'es 

+ 
and the cor responding ~ · 'and !' masses <>re shown . 

• 

' 
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