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Production of the Kappa Mecson in ¥ ~p Interactions
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lawrence Radiation Laboratoxry
Univerasity of Calilornia
Serkeley, California

May 1, 1963

The recent work at Ilﬂe':r.’keleyl on T p ixfﬁ:eracﬁioxm has given evidence for
the existence 91’ an excited state in the Xw gystem at ~725 MeV which the
authors chose to call the & meson. To search for this effect in K'p inter-
actions we have undertaken a systernatic analysis of the reaction

K 4+p-=TR'+ v ¢p - (1)
over the range of momenta from 1.0 to 1.7 GeV/c; We find a ei'gnificant en-
hancement centered at 723+ 3 MeV, with a width leas than 12 MeV., We can-
not rule out the possibility that the observed width iz due entirely to the ex-
periinental resolution. Because of insufficient statistics we are unable to draw
any conclusions as to the spin or parity of this resonance. Some theoretical
implications of the & are considered. |

The exposure was taken in the Lawrence Radiation Laboratory's 72-ihch
hydrogen bubble chamber, in the separated K~ boam designed under the direc=
'tion of . XK. Ticho, 2 The amouﬁt of filrn takéﬁ and the number of events ob-
tained at each momentﬁm getting ave sununarized in Table L "I‘he path 1engéh
was obtained by (a) couating the number of 7 décay:; and (b) normalizing
the total number of inﬁeraction:s to i:ixe known total cross sections. 3 The two
methods agreed to within 10% at each momentum, The typicai 5i)read in the
moraentum of the beam at cach setting was of the order of *3%.

In the study we used two-prong events with an associated Vo. i. e. Ro

decaying via the charged l;ilo mode. The events were procossed through our
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track 'reconétruction and kinematical fitting program PACKAGE, “ In aboﬁt 98%
of the cawea. examplea of mactmn {1) were saparated uuambigueusly from other
‘raactions possessing the same wpolagjyo The dmbig,uc»us evenw could always be
resolved by inspection of the iommt:ic.n of tha two paaitivw Vtmciks, The number N
of events obtained at each momemum i@ ggiven in Table I, ' |
The combmed maso 'apectxum of the M w* pystem fox all moxenta in thie )
e:qperiment is shown in i ig. la. It is clear that the 890-MeV K* dommatas
reaction (1) at all momenta. Inspection oi thta Dalite plotes (not shown) tndicatea .
that neither the v12;3;8-—Me\; N* vesonance nor the recently discovered 1660-MeV - ‘
A Yl* 4§‘p_pela'r$t0 play a promi;wnt role in the ~réactio§. The curvé drawn over
the data represehm the expected distribution if at all momenta the reac‘tion f.»rm ‘
| ceeds 75% of the time'via the mode |
K" +p—'h (B9OMeV)+p. 'l LI o @)
and-thfs gt_hér ,Z$%_of the time by the three-body mode (l). it ap{)cars, thét the
. ﬁhrvg reproﬂuces the data qﬁité w:ell e’:xc‘ep_t in ‘ﬂm region of 723 »MeV‘..whjere a
aignificant,er‘xhanc"eme’nt i obvserv-:e_ri (33,evé;§ts above the.ﬁackéround curve of
| 45), ,'i‘he.bin size of 14' MeV in Fig. la Waé chosen to localize all of the\ é:ffegt
in one bin, VW.e henceforth limit Quraeivéé to a discussion of the effect at 723
MoV, - -
We first turn to the question of the etatiatical signiﬁcance of this enhance-
~ment, The K" mase rcaion of interest (680 to 800 MeV) is diaplayed in Fig. 1b
in 3-MeV intervals. 'Ihe dashed curve repreucnts a rough estimate of the back-
ground. The experimental resoluuon in this re glon of ®° v mass is approxe
imately £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 ‘w.e, soe the effect.of the kappa in the mgio‘n from 719 to 731 MeV with a

dqwnwa'r_d fluctuation near 727 MeV, ox we see it from 719 to 725 MeV with an
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upward fluctuation neayr 730 MeV. The probability that the obscived em'xz;mcc-'
ment i3 due to a statistical accideut is snaller than one chance in _106 for either

interpre&atioubf' the data (if we asauﬁm that the dashed curve is the true repre-

| sentation of the ba.ckgrouﬁd), If we raise the estimate of the background in this B
~ reglon to ~10 evc;zxts/ 3-sleV interval (which appears to be incornpatible with
the data) the odds .ix:;cmase to one partv in 104. in quoting these odds, we bave -
taken tae point of view that the reglon near 725 MoV has been specified by the ;
o e#,perim'ent._ If we were to treat our g:xperir};‘ent indepondenily of i;he w~ data, -
we would have to multiply these odds by the number of bins in our spectrum |
- (*30). We concludo.. that the enhancement near 725 MeV i‘s statistically si;,nifi-
cant, even if ne pre viuus expex'zment had sugpested evidence for a vesonance |
| in this region, | |

‘We now consider tho propertiea of the kappa. In view of the low statistics
and the various ways of inmrpr‘eting the data”we can at‘ best eétihmate the c‘entré,l.
v:.?.hm5 of the mass of the resonance to bé 123%3 MeVI and ﬁm full wid.th I" to be
less than 12 MeV. We cam.mt.. vhoivever. eﬁcclude the _poaaibilit} of a z_erb natural
“width. The fact that in no case doea the s have a measurable length sots an
upper limit of ~10° -12 sec on the lifetime. |

To invectigate the effect of systunuuc errors (magnetic field. mrbulence.
etc.) on the mass of the Ko~ aystem, we fittud the events giving a satiasfactory

x to reaction (1) to the hypothesis
K +p- vrl" + n;" + w;vf Py | | (3)
" where the first two plons are the decay products of ®e. Subsequently we calcu-
lated the mass of the (wl'. 112"') systemn, The results of this pr‘ocedure for all
examples of reaction (1) with d(K o"n") < 800 dMeV are lustrated in Fig. 2. I".
ad;ditiori.' v&e empirically tested the relative ae{mitivity 6&' the mass of the KO
and the ‘12"-1: Bystem to the various systematic errors. W e have found that on

the averago the 'R mass is more sensitive than the X%r mass by about a factor
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of 2 to various changes in the Ingut data, ‘This procedure gives us.an upper -
limit of 1 MeV for poémiblm systernatic shifts in the « mass, which 18 omall
cénwaxed with the ﬂtatiaﬁicall.meertaim:y; Furthe’i‘:more; there should be no ‘
appx‘ecia.ble broadening of the tnass distribution due to such systematic errora, . |

A xouf;h estimat@ of the excitation function is given in Fig. 3. The numbexr
of «'s at each momentum was determined by plotting the Y(dﬂﬁ masses in the.
14-MeV bing of }S‘ig; la and subtractiag the éverage nuﬁx‘ber of events in the two
n@ighbbriﬁg bins from the number in the 'cantrél bin, The ordinate scale {pb)
was o'b'vtaimed 0,11. the assumption of an I=1/2 assignment for the K. ‘I‘h‘e‘ scale
should be doubled if the isotopic spin of the ® turns out'to be 3/2. We aesunfe
thaf thero is no‘ ai)precia'ble rate of decay Qia elactrdmégaetic tra.xmitionm Any
@yatematic shifta in the Kk mass as a function of K" momenturn are small come
pared to 14 MeV and wou_ld not influence thia plot.

The Km decay mode of the « indicatesa 0' or bl" ‘apin'-pa.ritj‘f assignment
for this megon (for spin less than 2), " We have mc‘amined the decay angular diétri-
.‘ _»butiona of the & and fmd that, within statmticu. they are all compatible with

-iaotro;‘:y.. However. we feel that this fact should not be talken as evidencg against
"the 17 assignment . cause of the intrinaic difficulties associated with the .rela-
tively hi{,h background low statistics, and wide range of incident momenta.,

Assuming that the reaction’ | .

l(b+'p—'xb+1) o , , (4)
:proce-‘eds via the one -pion exchange (CPE;) diagram ,’(as‘ originally sugpgested for
" reaction (2) by Bég :;.nd De vCelle’aﬁ) one can relate the width of the « to the cross
section for reaction (4) for eithes a scalar (¢¥) or vector (17) :;aaignment for the
k. The data are insuﬁicient to test to what extent the OPE diagramtdominatés the
reaction, Aaeuming deéVer that the OFE diagram is the dominant one, and that
~the I - spin of the « in 1/4.., we obtain a width of the ordar of 1 to 3 MeV for the

3calar hypotlmsia. and about 10 to 100 keV for the vector aasumption. Noither
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value ie ruled out_by t‘he experiment, Furthermore, the OPE diagrarm yields
a slight forward peaking of the angular distribution of the & for the scalar
. hy‘pdthesla. Some enhancement in the forward direction ié indeed observed,
but it may be due to the ba.ckground. | |

It would be of interest to ascertain whether the decay mofde k=K + Y .
exists, as its obserlvation would rule out the 0" assignment. rowever. this
deéay mode is inacceésiblvle‘ in our experiment, We can detormine only the
upber limit on another decay mode &~ ~R° + 7" +y to be 6% of the Ko~ mode. "
We find that we are unable to draw;any c@nclusions as to the spin or parity of
‘the «, 8 | | |

It is interesting to QOﬁBidér a:dme. of the theoreticél implications of the o

9

k meson, The SU, unitary symmetry scheme proposed by Gell-Mann’ and

Ne'emanlo has been used with considerabls success recently in classifying the -

11

known mesgons and baryons into multiplets. It is important to note that no .

other known megons could form a unitaxry multiplet with the « mes‘oﬂ. .It will .
be interesting to see if such "mlxita.jry partnefs" exiot. '_I‘here é.re presently two ]
possible assignments for the « that do nbt require any "partnérss. " Takeda
~ has pointed out a theory of the weak interactions f;;vhich is compatible with all

~

presently known experimental data, but which allows the possibility of copjous

2]

production of the intermediate végtor bo}sons.l Also Nambu and Sakurai have

' considerad the hypothesis that the K* (890 MeV) mesons are coupled to strange-

ness-changing currents-which are conserved ""as exactly as poasible. nl3

This
hypothesis sug'geata the existence of 2 Y==x1, T= 1/2. J = 0+ meson whose |
coupling to other strongly interacting partiéles bvanisheavin the limit of exact
unitary summetry, Present experimental data do not allow us to draw ény

conclusions as to the assignment of the « meson to any of these schemes. Any

discussion of aasignménta at thia stage must be consideredto be purely speculative,
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Table I, Path lengthe and numbers of events

 Incident K™ momenturn = Number of B9 pu” observed . . Path length *

(GeV/c) : | (events jub)
.08 - 109 04

1,22 A 601 2
133 604 o LS

1.43 . : 362 + 0.8

1.51 212 L B2

1,7 - a8 % L

2 This number correaponda- to the path length in which the reaction L

K'p~ R°1r'p was analyzed, Tho total path length here is about 1.1 events/ubs - |




1.

2.

3.

4,

5.

EARRT RS

FOOTNOTES AND REFERENCES |

Thiu work was done und@r the .“muspiroa of th@ U. 8, Atomic Luerg,y Commisaion. 1 '

G. Alexander, G. R, lbflci ach, . ¥, dMiller, and G. A. Smith. Phys._ .

' Rev. Letters 8, 447 (1962); and G, Alexander, L. Jacoba. G. R. A‘Albﬂeiach.

D. H. Millor, G, A, Smith, and J, Schwartz, in Proceedmgs of the 1962

Iuternational Con.fere’ncc ol I*li;;n Energy Physics at CERN (CERN, Geneva, |

(1962), p. 320; O, H. Iv’zller. (n Ale:mndmt. O, I. Dahl L Jacobu.
G. R, I\albﬂeiach. amd Ge A. ..mnth. Phys, Rov. Lettere (preceding letter). o
He K;. Ticho, G. Kalbfleisch, J.. Kirz. D. Miller, J. }:3. Shafer, 1’) Storls, )

© andC, W ohl.. Lawrence Mdiation Labor atory, Berkeley (mzpublinhed work)‘

V. COO’&. n, Cork. To F. i‘i()anb. D, i'{eﬁfe. l.u T. Kexth, ‘Vo Ao \Venzcl.

‘ and T. ¥ .Zipf. Phys, Rev, 123, 3?0 (1961).

L. W Alvarem. M. Alston. M. Fer to-Luzzi, D. O‘ ‘Huwe, G. .R-.

Kalbfleisch, D. 39 Mxller. Jo I Murmy. Ao H. Roaenfold. J. B. Shafer. :

F. Te Solmitz and 3, G. W’Mcicki. Phys. Rev. Letters 10. 184 (1963),

The usual formula for the error on the central value is GM»:: v /J N, where
o is the width of the distribution, either experimental or natural or both,
and N the number of events in the sample. In this formula it is assumed

that we can determine which events belong to the distribution wader cone

sideration, This is not true in the case of a resonance superimposed upon
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We observe no events which fit the hypothesis K™ +p-> K'n yp. with the

energy of the y ray » 50 MaV, an& the mass of the E&"-ny pystem in the
« mass band, If we assume that the energy spectrurn of the y rays ie
determined purely b}f phase-space considerations, the observation of

one such evént would give an upper limit of 6% for the branchin& ratio, -
'I‘he strongx decay of ¥ K " (890 I\mV)-» g+ ® ig forbidden for a o* kappa.

As indicated by S. Glashaw. (private communication), the ratio

R = rate (K.‘{q -~ &+ w)/rate (K* - K + %) can be-éalculated for a 1~ assignment
(similar to that done by A. Rosenfeld, D. Carmony, and R. Van de Walle;

Phys. Rev., Lotters 8, 293 (1962) for p-> n+w), We obtain

CR~2/w) @/,
where q and are the decay momenta of « ‘and ¥, and f and g are
coupling constantm for K¥to «w aml K, reapectively. and the factor of -
two arises from spin conaiderations. ¥Yor _f_ of the order.of B R ie ’

greater than 1%. An oxp_érimental value of R less than 0.1%, say, would

- suggest a o* kappa. A'prelifx;i’xmry‘ value of R can be obtained from the

reactidns K +p-— ?("'tr"pu" and K™v"w'p at 1.22 BeV/é. We have

‘no K°n” pv° events and 6 K at p events wlnch might be mterpreted as"

K* - k% +mand ~1300 K ’ givmg R<1%. We can draw no conclusions

at this time,

M. Gell-Mann, Phys, Rev. 125, 1067 (1962); California Institute of
Technolog,y Report CTSL-20, 1961 (unpublished).

Y. Ne'eman, Nucl. Phys. 26, 222 (1961).

For a review of the eXperi:mnental situation sece 'refer'enct; 4 and S, L.
Glashow and A. H. Rosenfeld, Phys., Rev. Letters 10, 192 (1963).

G. Takeda, Phys. Rev., Letters 10, 167 (1963).
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13, Y. Nambu and J,' J. Sakurai, K" (125) and the Strangeness-Changing
Currents of Unitary Symmetry, Enrico ‘I?‘“ez"mi Institute foxf Nuéiear-
Studies and the Department of Phymicao University of Chiéago,a ‘private

communication; see the following paper.
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FIGURE LEGENDS

Fig. 1. (a) Plot of the K°w" mass of the 4296 events from tlm” reaction

b

K +p~’1&° ™ “p at 1.0« 1.7 BeV/c in 14-MeV intervala. The curve
representa the phase space.for the reaction proceeding ?J% of the time
thrd;.xgh K'p'-; ?{*.p and 25% through K'p -k " p directiy. The K* mass
is taken as 390 MeV, and its \%/mth I' as 50 MeV. An enhancoment s seen
at 723 MeV of 33 events above the backbround curve of 45 (or 42 evonts |
above the average of the two neighboring bins). . | |

(b) Plot of the 630.to s_oo-r\-mv maas region in 3-MoV (nterva'lé to
show the structure of the distribut';;)lnvaround the & mass. Tho dashed
curve repreéents a‘rough eétlmaée of the-ba.ckgro&nd. The resolution is

6 MeV in this region.

Flg; 2. Plot of the R® maas é.t eaéh"hxcider;t mémentum .as detefmined.by |

fitting the K “p-+Ko=" p events as K p~-»(1!l ' Ty ) wp [i. €., without con-
attalning the (ﬂl . Ty ) to be'a K%]. All evcn.ts having a satiafactory x2
for the reaction K p~R%7"p and havlng a K w" maaa,below 800 MeV

_were used. The average maso of the (1\' 0 'ﬂ’;)" from the fit is plotted

as the ordinate.

Flg. 3. Excitation function for the reaction K~ +b - x"+p from 1.0 to 1.7

BeV/c. The c¢ross sections were determined under the assumption tha;
the & has isotopic spin 1=1/2 and that the x*ate of docay via electro-
magnetic transitions is negligible. 1f the isotOpic apin of the « turms

out to be I=3/2, then the ordinate Bcale should be doubled.
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