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The recent work at Berkeley , on v'"'p interactions has given evidence for 

the existen:ce of a:n excited state in the K11' system at ... 725.MeV which the 

authors chose· to call the 1e meson. To search for this effect in. ~-p inter

actions we have undertaken a systematic analysis of the reaction 
.\ 

.. ' ' - --o • K + p- K +'II' +p (l) 

over the range of momenta £rom 1.0 ·to· 1.7 GeV/e~ We find a significant en~ 1 
' . I 

hancement centered at 723:b3 MeV, with a width less than 12 MeV. W.e. can.; 

·· not rule out the possibility that the observed width is due entirely to the ex- • 

perimental resolution. Because o£ insufficient statistics we are unable to draw 

any conclusions as to the apin or parity of this re_sonance. Some theoretical 

implications .of the 1e are considered. 

· The exposure was taken in the Lawrence Radiation Laboratory's 72-inch . . ' . 

hydrogen bubble chamber, in the separated K• beam designed under the direc• 

of H. K.· Ticho. 2 ) The amount of film .. take:n and the number of events obtained 

- I 
at each momentum setting are summarized in table 1. The path length was 

obtained by (a) counting the number of T 'decays and (b) normalizing the 

total number of interactions to the known total croa.s sections. 3) The two 
,· 

' .,. methods agreed to within 1 Oo/o at each momentum. The typical spread in the \: 
'· \, 

momentum of the beam at each setting was of the order o£ :1:3o/no 

In the stmdy we used two-prong events with an associated V0 , i.e. 'R 0 

. . 

decaying via the charged K1 ° mode. The events were processed through our 

" ' 
.. 

•.. · 

'\ 
i .. 

"'i" .. 
. .', 

.. ,· 
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track reconstruction and kinematical fitting program PACKAGE. In about 98% 

of the cases, examples of r'eaction (l) were separated unambig~ously from other. 

reactions possessing the same topology •. The ambiguous events could always be 
. . ' ' . . . ' 

resolved by inspection of the ionization of the two positive traclts. The number 

of events obtained at each momentum is given in table 1. 

The combined mass spectrum o£ the K 0 w .. system for all momenta in this .. 
. . experiment is shown in fig. la. It is clear that the 890-MeV K):c dominates 

·. 
reaction (1) at all momenta. Inspection of the Dalitz plots (not shown) indicates 

that neither the 1238·MeV N•:c resonance nor the recently dis·co~ered 1660-MeV 

Y 1 ~:c 4) appears to play a prominent role in :the reaction. The curve drawn over 

the data represents the expected distribution if at an· momenta the reaction pro

ceeds 75% of the time via the mode 

(2) 

and the other 25% of the time by the three-body mode (1 ). It appears that the 

curve reproduces the data quite well except in the regionwf 723 MeV, where a 
' 

significant enhancement is observed (33 events above the background curve ·6£ 

45). The bin size of 14 MeV in fig. la was chosen. to localize all of the effect. 

in one bin. We henceforth limit ourselves to a discussion of the effect at .723 . ! 

MeV. ~. 

i; 
.· 1 

.,· - . 

We first turn to the question of the statistical significance of this enhance-· 

ment. The K0 
'11' .. mass region of interest. (680 to 800 MeV) is displayed in fig. 1 b 

in 3-MeV intervals. The. dashed curve represents a rough estimate of the back-: · 

ground. The experimental resolution in this region of K 0 '11' .. mass is approx-
; 

.. · 

. imately :i: 3 MeV. We would not expect to see any real structure with a full 

width of less than 6 MeV. The data can be interpreted in one of two ways: 

·either we see the effect of the kappa in the region £ron'l 719 to 731 MeV with a 

downward fluctuation near 727 MeV, or we see it from 719 to 725 MeV with an . ;. 
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upward fluctuation near 730 MeV. The probability that the observed enhance

ment is due to a statistical accident is smaller than one chance in 1 o6 for e~ther 
interpretation of the data (if we asswne that the dashed curve is the true repre:.. 

sentation of the background). I£ we raise the estimate of the background in this 

region to -10 events/3-MeV interval (which appears to be incompatible with 

the data) the odds increase to one part in 104• In quoting these odds, we have 

taken the point of.view th.at the region near 725,MeV ha~ been specified by the 

'If- experiment. ·If. we were to treat OU;,r experiment independently of the 1T-

data. ·we would have to multiply these odds by the number of bins in our spectrum 

(- 30). We conclude that the enhancement near 725 MeV is statistically signifi-

· cant~· even if no previous experiment had suggested evidence for a resonance 

in this region. 
I 

·i 

We now consider the properties of the kappa. In view of the low statistics 

and the various ways of interpreting the data we can at best estimate. the central 

. 5} 
value of the mass of the resonance to be 723 ± 3 MeV and the full width r to be 

less than 12.1 MeV. We can11ot. however, exclude the possibility of a zero natural 
I 

! 
width. 'The fact that in no case does the ~< have a measurable length sets an 

upper limit of :::: 10""12 sec on the lifetime. 

To investigate the effect of systematic errors (magnetic field, turbulence, 

etc.) on the mass of the K0 1r"' system;· we fitted the events giving a satisfactory 

2. x to reaction ( 1) to the hypothesis 

(3) 

where the first two pions are the dec~y products of K 0 • Subsequently we calcu-

- + lated the mass of the .<1r1 , 11'2 ) system. The results of this procedure for all · 

examples o£ reaction (1) with M(K0 'iT"")< 800 MeV are illustrated in fig. 2. In 

addition, we empirically tested the relative sensitivity of the mass of the K 0 

and the K0 ... 11'.. system to. the various systematic errors. We have found that on 



.• 
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the average the K0 mass is more sensitive than the 'R. 0 -11- mass by about a 

factor of 2 to various changes in the input data. This procedure gives us an upper 

limit o£ 1 MeV for possible systematic shifts in the " mass. which is small 

compared with the statistical uncertainty.. Furtherm·ore, there should be no 

appreciable broadening of the mass distribution due to such systematic errors. 

A rough .estimate of the excitation function is given in fig. 3. The number 

of ~e's ~t eachmoment~ was det~~mine.d by piotting the K0 7i- masses in the 

l4 ... MeV bins of fig. 'la and subtracting the average number of events in the two 

neighboring bins fl·om the number in the central bin. The ordinate scale (t.J.b) 

was obta1ned on the assumption of an 1::: 1/2 assignment for the .K. The scale 

should be doubled if the isotopic spin of the K turns out to be 3/2 •. We assume 

that there is no appreciable rate o:f decay via electromagnetic transitions. Any 

.·systematic shifts in the ,( mass as a function of K- momentum are small com-

pared to 14 MeV and would not influence this plot. 

The K'iT decay mode of the K indicates a o+ or 1· spin-parity assign-

ment for this meson (for spin less than 2). We have examined the decay angular 

distributions of the K and find that, within statistics, they are all compatible 

with isotropy. However, we feel that this fact should not be taken as evidence 

against the l-as si"gnm~ent<because of the intrinsic difficulties associated with the 

relatively high background, low statistics, and wide:c.r~nge of incident momenta. 

Assuming that the reaction 

K- + p- K- + p (4) 

proceeds via the one-pion exchange (OPE) diagram [as originally suggested for 

reaction (2) by Beg and De Celles6>] one can relate the width of the " to the 

cross section for reaction (4) for either a scalar (0+) or vector (1 -) assignment 

for the «.. The data are insufficient to test to what extent the OPE diagram 

dominates the reaction. Assun'ling however that the OPE diagra:rri ia the dominant · 

one, and that the I - spin of the K i's 1/2, we obtain a width of the o1·der of 1 to 

...... ·. 
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3 MeV for the scalar hypothesis, and about 10 to 100 keY for the vector assumption.. 

Neither value is ruled ou·t: by the experiment. Furthermore, the o::--s diagram 

yields a slight :fo1·ward peaking of the angular distribution of the K for the scalar 

hypothesis. Some enhancement in the forward direction is indeed observed, but 

it may be due to the background. 

It would be of interest to a,scertain whether the deca}r n'lode K-- K- + y 

existsp as its observation would rule out the o+ assignment. However, this 

decay mode is inaccessible in our experime~t. We can determine only the upper 

limit on another decay mode K-- K 0 + rr· + y to be 6% of the K 0 rr- mode 7>. We 

find that we are unable to d1·aw any conclusions as to the spin or parity of the K. S). 

It is interesting to consider some of the theoretical implications of the K 

meson. The su3 unita1·y symmetry scheme proposed by Gell-Mann 9> and 

. Ne 9eman1 O) has been used with considerable success recently in classifying t,he 

known mesons and baryons into m.ultiplets 11 ). It is important to note that no' 

othe:r 1-..nown mesons could form a unitaxy multiplet with the K . meson. It will 

be interesting to see if such "unitary partners" exist. ·The,re are presently two 

possible assignm.ents for the K that do not require any "partners.':'. Takeda 
. ' 

has pointed out a theory of the weak interactions which is compaHble with all 

presently known e::rq>erimental data, but which allows the possibility of copious 

production of the intermediate vector ~~sons 12). Also Nambu and Saku1·ai have 

co11.side:i:ed the hypothesis that the K~:.: (890 MeV) mesons are coupled to strange

ness -changing cur1·ents which are conserved "as exactly as possible. ul 3) This 

hypothesis suggests the existence of a Y::: * 1,. T = 1/2, J = o+ meson whose cou-

piing to other strongly inte:racting particles vanishes in the limit of exact unitary 

symmetry. Present e,::perimental data do not allow us to draw any conclusions 

as to the assignment of the K meson to any of these schemes. Any discussion 

of assignments at this stage must be considered to be purely speculative. 
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Ta.ble l. 

Path lengths and numbe1·s of events 

!nciderrt K- momcnturJ.'l 

(GeV/c) 

1.08 

1.22 

1.33 

L43 

L5l 

1.7 

109 

601 

604 

362 

2212 

408 
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Path length 

(events/JJ-b) 

0.4 

1.2 

1.5 

0.8 

5.2 

* ' Thi~ number corresponds to the path length in \vhich. the reaction 

K- p--~> K0 ar-p was ar...aly:ied. The total path length here is about 1.1 

events,/:J.b. 
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FIGURE LEGENDS 

Fig. 1. (~) Plot o£ the 'R0w• mass o£ the 4296 events from the reaction 

K .. +p--Ko'lt•p at 1.0•1•7 BeV/c in 14•MeV intervals, The curve 

. . represents the phase space for the reaction proceeding 7 So/o of the 

time through K·p-K *·p and ZS% through K·p- K o,..·p directly. The 

K* mass ls taken as.890 MeV. and .its width r as 50 MeV. An en

hancement is seen at 72.3 MeV of 33 events above the background curve . 
or 45 (or 42. events above the ave~age: of the two neighboring bi~s) • 

.. . (b) Plot of the 630 to SOO•MeV mass region fti. 3-MeV intervale to 

·show the structure ot the distribution around the " mass. The dashed 

curve represents a roug·h estimate of the background. 

6 MeV in this region. 

The resolution is 

' \ 

Fig. 2. . Plot o£ the K 0 mas_ a at each incident momentum as determined by 

·. fitting the K·p-K 0~·P event4J as K .. p -(tt
1
•, 112+~ tt'"p [i.e., without 

constr~ining the (1r1•• 1tz+) to .be a K~0 ]. AU events having a satisfactory 

x Z for the reactlon K""p- K0 w""p and haVing. a K0~· mass below 800 MeV 
• i • • l ·' '' • • • • ' '· ' ·,! .. 

l' ... ,· . • + .· 
.-were used. The average mass .-o!.the C.tt1 , .'~~'z. ) from the fit 1s plotted 

as . the ordinate. 

. . - . . 
~ig. 3. _Excitation function for the rea:etion K + p - K + p from 1.0 to 1. 7 

. . ( 

BeV/c. The.cross sections were determined under the assumption that 
. ' 

' 
· .the I( , has isotopic spin ·1 ~ 1/2 and that the rata of decay via electro .. 

. I . , ' ~ ·. ' . flo ! ; . • 

magnetic transitions is negligible •. I£ the isotopic spin oi the_. "· turns 
. ' . . ' . . .. 

out to be .1 = 'jjz, then tho ordinate seale should be doubled •.. 
'•!· .. . .. f '. 

.. ,,. 
. ~ .: 

,. , . ~ ·' ", ···:. .. ; . 

.;.· 

. . ' ' ·~. .. ~ ~· .. ~ ..... 

-~· ·. ! • 

~ .· J T -1. ) ~ 

.· . ·.~ 

• .J.. •• 

.... 
I ~' · ,' i 

· •. · 

' ·. 

~- . :::-~··f. ' '···' 
,' . i • ;~ ·~ r • 

~ : . \• • • ;. ~i 

' . 
/ .. . .. 

.'.' 
.. '"} 

. l"+ 

~ ... : . 
, 

J.. ' ' 

··.·:· . 
>'• ! I ,· ~ 

·. ') 

.. , · •... I 

,• ~· . 

.. ;. \~ "· 
.·; .. 

, . .: 

.. , 
. . 

. .. 



i .. 
I 
l 

'I 
.l 

l 
-l 

'I 
t 
l 
'j 
l 
! 
I 
l 
j 
1 
! 

j. 
I 

1 

l 
•[ . 
l 
·I 
I 'l .·. 

l t .,.· I. 
1.· 

' \ 

' -.. 

I 
-! 

I 

j. 

,;'" 

.. If. 1 f 

-12-L ____ - UCRL-1 0761 Rev. 
. . 
·~.~_, ___ _ 

700 

(a~ 

600 

500 

0 
> ... 
~ 
c: 

>400 
Ql 

::E 
I 
v 

..... 300 
!! 
c: 
Ql 

> 
Ql -0 200 
... 
Ql 

..0 
E 
::J 
z 

100 

0 
0 600 
~ 30 ~ 
c: 

1--t r resolution 
> 25 

(b) 
Ql 

:::iE 
I 

10 20 
..... 
en 
c 15 
Ql 
> 
Ql - 10 
0 

... 
Ql 

..0 5 E 
~ 0 

680 710 740 770 800 ''! 

Mass of K0 
.,.- system (MeV) 

MUB-1771 

··.Fig. 1 

/ 

... 



... 

r-.-----------·-·· -----------------------·-~· .,. -------""-"_...__ ~~~~.-.!..~- • 
>; • ... ~·~ 

---....!..-·----~-------...,---'---------~-

·:i 
i· 
j 
~ 

J 

1 50 I I . f I I I I I I I 

·•· 

.. -j 
. ., 
; j 
. 'j 
. i 

l 
~ 
I 
! 

' 1 
! 
l 

' { 

-
~ 
~ -
-0 
I~ -

f/) 
f/) 

0 

~ 496 

49 5 

494 

1.0 

Ac9epted value _ 497.9 ±0.6 

--------

1.2 

+ 
' 

1.4 

PK- ( GeV /c ) 

Fig. 2 

'_, ... -- ·-~-.-.-.. -·· - ___ ,...,._ .. 

1.6 1.8 

MU-30080 

C" •• 

' 
f 

I 
' ..... 
lw 
I 1 L_ 

I 
Cl 
() 
::0 
r~ 
....... ' 
0 

I -.) ; 

j ~. 

.::0 
CD 

::: 



I . I 

I 
j . 
l . 
r 

1 
' . I 

. I 

J 
j 
I 
.j 
i 
1 

1 

. j ;· 
l •. 

I 
I 
I .. I .,.. 

j 

k. 
1-. 
( 

I 
lr 
J ... r· 
I I . 
1 _; l .. 
l 
1. 

i 

0 
N 

0 
0 

. ' 

' . 
I . 
. :..14- i L ______ .J UCRL-1 0761 Rev . . 

CX) . -

<.0 .. -

-
u 

' ¢·> 
• Q) .. 

-.(!) 

N 

I 
~-

a.. 

(") 

CX) 

0 
0 
(") 

' ::> 
~ 

~ . 
ibO 
).M. 

( 

' 
' ., 

,_. . 
~ .. · 

'I ., 
.. I 

'f 
f 

l 
L 
i 

. I 

I. 

~~.._,,,,ry.;,:'\,~-·---:>----:-~~._...,.----,.......,;...........,..,_..._.,.... ___ ....,_ ,-, ~-._.-.-,-.,..........._ •. ~~~-~--.;;,;-·~.·--:-. --.,.----,---~I . 
,\.,• . ' 

• 
. ' .. 

' .. . , 

. ~. 






