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"7 over the range of momenta from 1.0 to 1.7 C‘.}eV/c;, We find a significant en-

' 'han'cement centered at 7233 MeV, witha ;nidth less than 12 MeV. We"can-’
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o The recent work at Berkeley™

the existence of an excited state in the K syatem at ~725 MeV which the

[

authors choae to call the x meson, To search for this effect in K P inter-

' actions we have undertaken a systematic analysis of the reaction

i
)

K +p=K+n" +p o ‘ (1)

!

o not rule out the possibility that the observed width is due entzrely to the ex= '
perimental resolution. Because of insufficient statistics we are una.ble to draw v
ény‘concluaiona as to tho #pin or parity of this resonance. Some theoretica.l

- ' implications of the «x are considered. |

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

of H. K.* Ticho, 2) The amount of filmbiakefn-and the number of events obtained -
- at each momentum setting are summarized in table 1. The path length was |
obtained by (a) counting the number of 7 decays and (b) normalizing the

. total number of interactions to the known total cross sections. 3) The two

B
i

i
momentum of the beam at each setting was of the order of %3%., ’

In the study we used two-prong events with an associated V%, ihe. R®

. decaying via the ohorgod K“’ gnodeo ‘The _ev‘enLto were procoaaed through our‘ B

On n°p interactions has given evidence for

'hydrogen bubble chamber, in the separated K‘v beam designed under the direc~

"~ methods agroed to within 10% at each momentum. The typical spread in the ’g{ B
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- track reconstruction and kinematical fitting program PACKAGE. In about 98%
of the cases, -exanhples of reaction (1) v;rere separated unambiguously from other.
reactions possessing the same topol'ogy... The ambiguous events could a.lwajrs be
resolved by inspection of the mnxzatxon of the two positive tracks. The number
of events obtained at each momentum is given in table 1.

The combined mass spectrum of the Ko‘n' system for all momenta in this
. experiment is shown in f1g. 1a. It is clear that the 890-MeV K* dominates -
_ react;on (1) at all momenta. Inspectxon of the Dalitz plots (not shown) indicates
. iﬁat neither the 1238-MeV N* resonance nor the receﬁtiy dis’covéfed 1660-MeV
: Yl:* 4) appears to play a prominent rolé in t;he reaction, The curve drawn over .
the data‘r‘epresent"s the expectéd distribution if at all momenta the reaction p:o-_
céeds 75% of the time via the mode | »

K™ +p~K*" (890 MeV) +p, K=K + N o

| and the ofher 25% of the time by the thiee-body mode (1). It appearé that- the |
- eurve reproduces the data qmte well except in the reglons of 723 MeV, where a.-
= s:.gmfmant enhancement is observed (33 events above the background curve of

'., 45). The bin size of 14 MeV in hg. la was chosen to localize all of the_effe‘ct_ ,

%

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

. Mev. »._‘. .' . 'v . . .

We first turn to the question of the statistical significance of this e‘nha.nce-ﬁjv

- ment. Theé K® %~ mass region of interest {680 to 800 MeV) is displayed iri-ﬁg. Ib' L

y in 3-l\/feV intervals. The dashed curve represents a rough estimate of the ba.ck-

- rfround., ‘The experimental resolutmn in thxs regmn of K°%~ mass is approx- .

o u’nately % 3 MeV. We would not expect to see any real structure with a full

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

"exther we see the effect of the kappa in the regzon from 719 to 731 MeV w:th a.

- downward fluctuation near 727 MeV or we see it from 719 to 725 MeV thh an S

«
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 upward fluctuation near 730 MeV. The probability that the observed enhance-
ment is due to a statilstical accident is smaller than one chance in 106 for e;ther

: ;ntérp:etaﬁion of the data (if we assume that the dashed curve is the true repre-
~ sentation of the background).: If we raise the estimate of the background in this
region to ~10 evelnts/ 3-MeV interval (which appears to be incompatible with

ﬁme data) the odds _increasg to one part in 104. In quoting these odds._we have
taken the point of wiew that the "r‘egion near 725 MeV ha; been specified by the
oa experiment. If we were td‘tre_at our experiment independently of the @~

| data, we ﬁquld ha.vé to r'nultviply’th‘ese; odds By the nurhber of biﬁé in our spectrum
(~30). We conclude that the enhancement near 725 MeV is stétistically signifi-
o ica.xfzt." even if no previous experiment had suggested evidence for a resonance

~ in this Yre_gion. | ,

We now consider the prqp'erties of the kappa. In view of the low étatisﬁcs

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

%) of the mass of the resonance to be 723 %3 MeV and the full width T to be.

value
less than 122 MeV. We cannot, however, exclude the possibility of a zero natural
width, 'The fact that in no case does the & have a measurable length sets an

-12

upper limit of =10 sec on the lifetime.

To investigate the effect of systematic errors (magnetic field, turbulence,
etc.) on the mass of the K°7~ system, we fitted the events giving a satisfactory

xz to reaction (1) to the hypothesis

K +p—~m~ +_':r2+'+ n; +p, o (3)

where tﬁe first two pionsiare the decay productsv of K. Sub'sequently we éalgu-
lated the mass of the ’(171". 1r2+) system. the results of this procedure for all “

- exambies of reaction (1) with M(K® 7 )< 800 MeV are {llustrated in fig. 2. In“‘.

- addition, we empirically tested the relative sensitivity of the mass of the R"

and the K® -n" system to the various systematic errors. We have found that on

‘
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the average the K° mass is more sensitive than the R%-n" mass by about a
factor of 2 to Qarious changes in the input daﬁé.av This procedure gives us a,ri upper |
limit of 1 MeV £on* poséiblé sys’terhatic shifts.in the K mass, which ig small |
: éofnparéd wz'..th thé statigtical uncertainty., Furthermore, there should be no
appi’eciable bréédehing of the mass distribution due to such syétematic errors.

_‘A rough eétimate of the excitation function is given in fig. 3. T.hé number .
| of «'s at each 'mon"zenturri wés dei:e:x‘*rnine'd by piotting the K° ‘s'r_" m;sseé in the

) 14-MeV bins of iig..vla and subtradting the average number of events in the two

nelghboring bins from the number in the central bin. The ordinate scale (ub) | 0

waa obtamed on the assumption of an 1 1/2 asmgnment for the k. The scaie :
should be doubled if the iso‘copic spin of the k turns out to be 3/2. _We a'..ss_ﬁme
tha;: there is no appreciable rate of decay via electromagnetic .transitions. Any
systematic shifts in the K mass as a function of K~ momentum are Smali’fc‘omv-'-} :
: pared to 14 MeV and woull:l not influence ihis ?10t.

The Kw deéay mode of the k indicatesa 0 or 1~ spin-parity assign-

" ment for this meson (for spin less than 2). We have examined the decay angulaf - :

‘-distribu’cions‘ of the « and find that, within statistics, they are all’con«p.atib.le
.wzth zsotropy However, we feel that this fact should not be taken as evidence
: .'  against the 1™ as s1gnmenbbecause of the intrinsic difficulties associated wzth the
L relamvely high backgro_und. low statxstzcs, and wide:range of incident mqmenta.

Assuming that the reaction
K +p—=«& +p )

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

" reaction {2) by Bég and De Cellesé)] one can relate the width of the « to the

. cross section for reaction (4) for either a scalar (0+) or vector {17) assignn_iént
- for the «. The data are insuificient to test to what'extent' the OPE diagram’

dominates the reaction. A;'ssuniing however that the OPE &iagrdrr’x is the dominant -

' ‘dne, and i;haﬁ the I - spin of the 'sc‘ | is 1/2, we obtain a width of the order of 1 to.'

~ o By
2%
B P et Lo e fde
LA TR Rl Ll
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'3 MeV for the scalar hypothesis, and about 1va to 100 keV for the vector assumption.
Neither value is ruled out by the experiment. Furthermore, the O diagram
yields a slight forward peaking of the angular distribution of ‘thel ¢k for the scalar
' bhypo*c’aesis.ﬁ Sozﬁe 'enhahcement in the forward direction is indeed observed, ‘but
it may be due to the background. |
It would be of interest to @sceﬁtain whether the decay mode « =K ™ +vy
‘exi.sts, as its observation .would rule out the 0" assignment., Howevesr, this -
decay mode is inaccessible in our experiment, We can determine only the upper

. limit on another decay mode &” =K%+ 17+ v to be 6% of the Ko™ mode7). We

find that we are unable to draw any conclusions as to the spin or parity of the KB).
- It is interesting to consider some of the theoretical implications of the «

9)

meson. The SU3 unitary symmetry scheme proposed by Gell-Mann’’ and

. Ne“emanl 0_) has been used with considerable success recently in classifying the
known mesons and baryons ix}to multiplets“). it is important to note that no’
otheyr kr;own mesons could form a unitary multiplet with the x meson, It will
be interesting to see if such "'uhiﬁ&ry pé.ri;ners" exisi;. 'The/r‘e' are presently two
possible assignments for the 3 tha.t do not require any ''partners." Takeda
has pointed out a theory of the weak interactions which is compatible with all

, presenﬂy known experimental data, buv": §J115.0h allows the possibility of copious

production of the intermediate vector éésonslz). Also Nambu and Sakurai have -
considered the hypothesis that the K* (890 MeV) mesons are coupled to strange-

ness-changing currents- which are conserved "as exactly as possible. 1wk 3) Th.is ,
hypothesis suggests the existence ofa Y==1, .T =1/2, J= 0% meson whose cou- ‘

" pling ¢to other sérongly interacting particles vanishes in the limit of exact unitary
symmei;ry. Present 'experimenﬁal data do not allow us to draw any conclusions

-as to the assignment of the & meson to any of these scﬁemes. Any discussion

of assignments at this stage must be considered to be purely speculative.
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Table 1. .

Path lengths and numbers of events

incident K~ momenturn  Number of K® pt”~ observed Path length |
(GeV/c) ' (events/pfn).
vos - 109 0.4
‘122 | 601 . 12
1.33 Y YO 1.5
1,43 - 362 o os
L5 2212 N s
17 o 408 B | 0.7"

ot

W . P ’ ' “ + i .
This number corresponds to the path length in which the reaction
- K p- K% "p was analyzed. The total path length here is about 1.1- )

events/ub.,
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We observe no events which fit the hypc»thesim K4+p—= Ko~ vp, with the
energy of the ¥ ray » 50 MeV, and ihe mass of the KO “v system in the
& mass band., If we assume that the energy spectrum of the y rays is
determined purely by phase«space considera&ions,. the observation of one
such event would give an upper limit of 6% for the branching ratio.
The strong decay of ¥ -(890 MeV}== «+ 7 is forbidden fox a ot kappa.
As indicated by 8. Glashow, (private communication), the ratio
R =rate (K* - g +w)/ rate (Ktk—v K(+ w} can be calculated fora 1’ assignment
{similay to that done by A. Rosenfeld, D Carmony, and R. Van de Walle,
Phys. Rev. Letters 8, 293 {1962) for p—> 4+ 7)., We obtain

R ~2(t/g)° (a/p)°,

where @-and p are the decay momenta of « and K, and

f
©

nd g are
cwuplingﬂ constants for K¥ to «w and Kw, respe;:tively, and the factor of
two arises from gpin éansideraﬁions. For f of the oxder of g, R iz ~5%.
ﬁm cxaemmemai value of R less lﬁlan 0.1%, say, would suggest a 07 kappa.

o

A preliminary value of R can be obtained from the veactions

- . e .
K 4p— e~ p%% and K™% % p at 1.22 BeV/e. Examination of a filin sample

v . w ) ) bhyed - . cw e ,
=.cor\‘§c,mmg 1300 K¥~ reveals no K %% pw® events and six K "7 p events

which might be interpreted as K" &%+ w, giving R< 1%. We can draw
no conclusions at this time.
M. Cell-Mann, Phys. Rev. 125 106; {1962); California Institute of

Tachmm-ory Report CTSL-20, 1961 (unpublished).

¥, Ne”cmaa, Nucl, Phys. 26, 222 {1961).

For a review of the experimental situation see reference 4 and 5, L.
Glashow and A, H. Rosenfeld, Phys. Rev. Letters 10, 192 (1963).

G. Takeda, Phys. Rev. Letters 10, 167 {1963},
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-1_3, Y. Nambu and J. J. Sakurai, K*(725) and the Strangeness-Changing

Currents of Unitary Symmetry, Earico Fermi Institute Report 63-26, -

April 1963 (to be published}.
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FIGURE LEGENDS

: .. | Fzg. 1. (a) Plot of the K°1’r mass of the 4296 events from the reaction
KT +p- Ko='p at 1.0-1, 7 BeV/c in 14«MeV intervals, -The curve
represents the phaae apace for the reaction proceeding 75% of the
, ."_ time through Kp=+K*pand 25% through K'p-= K %u"p directly, ‘The
' ‘K* masse {8 taken as 890 MeV, aizd its width I' as 50 MeV. An en- |
e hancement is seen at 723 Mev of 33 events above the background curve
..ror 45 (or 42 events above the average of the two nmghbormg bins).
. .(b) Plot of the 630 to 800-MeV mass region iA 3-MeV intervals to
‘éhow the structure of the di;sttibution around the & mass. The dashed

 curve repvresem:s a rough estimate of the background., The resolution is

6MeVinthiaregion.l_" | |
»Fxg. 2 _Plot of the K masa at each incident momentum as determined by |
ﬁmng the K p- K°1t p events as K p “(m", m, ) " P [i.e., without
ccnstraining the ('lrl » ﬂ‘ ) to be a Ki ]i A11 eventa having a satisfactory
.f‘x for the reaction K p~ K"-rr p and having a K°tr mass below 800 MeV
were used. The average mass of the (3,1 o Ty ),from_ the ﬁt_ ;e plotted
ag the ordinate. L ‘ s | v' B | . | .
Fig 3. Excitation functio*x for the reaction K" +p -~ k" +p from 1.0 to 1.7
= 'BeV/ e The cross aections were determinad under the aasumption t‘riat
. -ﬁ.ﬁh@ K haa isotopic spin In l/ 2 and that the rate of decay via electro—
| ‘ mgnetic transitions is negligiblea If the isotopic spin of the & turns -
_' : out: to be 1& 3/2. then the ordinate ecale should be doubied. oy
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