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Production of the Kappa lvL<a a on in * K--p Interactions 

Stanley G. WojCicki, George R, Kaibih.d.sch, a.nd M:ai'garct H. Alston 

Lawrence Rad.iatiol.'l LaLoratO:l:')" 
Univeraity of California. 

Be1•k.cley, C:aHfo:rnia 

lv!.ay l, 1963 

The recent work at Be:.t·keley1 on r.--p in.teractions has given evidence for 

the eJdatcnce of an e::ccit~d state h1 the Kw oyatern at -725 l\leV which the 

authors chose to call the K meson. To seat·ch for thia effect in K• p inter-

actions we have w1dertaken a systcxnatic analysis of the reaction 

- ~0 -K ·1-p- i'l. + 1r +p {l) 

over the range of momenta from 1.0 to 1.7 GeV/c~ ·v.r e find a significant en-

hancement centered at 723±3 ~·ieV, with a width less·than lZ lv1eV. We can-

not rule out the possibility that the observed width is du<~ entirely to the ex-

perimental resolution. Because of insu£ficioat statiatica we are w1able to draw 

any conclusions as to the spin o~ parity of this resonan.cc. Some theoretical 

in1plicatione of the K are conslderecl. 

The e'tpoaure was taken in the Law:reace Radiation Laboratory's 72-inch 

hydrogen bubble chamber, in ti1e separated K• bean1 designed Wider the direc• 

.tion of H. K. Ticho. 2 Th.e an· .. ount of film taken and the nun:1ber of events ob .. 

tained at each m.omentum setting a:re · surn1narized in Table I. The path length 

was obtained by (a) cou.."lting the nwnber of 'T decays a~1d (b) normalizing 

the total number of intero.ction:~ to the known total erose sections. 3 The two 

methods a.greed to within l o.:;~~ at each rno:rnentuzn. The typical apread in the 

momentum of the beam at each setting -.vas of the order of ::: 3'1.,. 
0 -0 

In the study we uacd two-prong events -.:\rith an aeaociated V • i.e. K 

decaying via the charged K1 ° moue. The cventa VJere pl:ocosscd through our 
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track reconstruction and kinernatical fitt.ing program PACKAGE. · ln about 98o/& 
, 

0£ the CaGeGt exat:npleo of reaction (l) WGrt.' Sc::lparated U.lla.mbitJUOuely fr01n Other 

' 
reactions possessing the same topology. "fhe ambiguous (bVen~o co\ud always be 

. . I 

resolved by inspection of the iol'l.ization. of the two positiv.a tracks. The number 

of events obtained at each momentum is given in. 'rable 1. 
,' I , • 

. ' 0 
The combined maee spech•wn <.>f the K w"' system for all momenta in this 

experiment is shown in .li"ig. la. It is dear that the 890 .. MeV K* dominates 

reaetio11 (1) at all rnomenta •. Inspection o£ the Dalit~ p~ota (not ahown) indicates 

that neither the 123S•MeV N* resonance nor the :recen.tly diacovere~ 1660-f\..·!eV 

Y * 4 . . . . tl i 
1 appears to play a p1•orninent 1•ole in. 1e react on. The cl,l.rve drawn over 

the data represents the e:::q>lflCted distributiOll i£ at all n~omenta. the reaction pro• 
' . I 

ceeda 7 5%. of the time· via the mode~ 

(Z) 

and the other .ZSo/o oi the time by the thr~e-body mode (1). It appears. that the 

curve reproduces the .data. ct~i~c w.ell except in the region o! 723 MeV • whore a 

oianificant. enh.anee:meni is observed (33 eventa above the background curve of 

45), . The bin size of 14 MeV in Fig. l .. a was chosen to localize all of the efiect 
. \ . ' 

I in one bin. We hence£orth limit ourselves to a discuesi011 of the effect at 7Z3. 

MeV. 
•, 

We first turn to the question of the statistical aignilicance o! this enhance· 
. ' 

roent. The K 0 w"' mass rcgioll. of interest (680 to 300 MeV) i.a displayed in Fig. 1 b 

in 3-MoV intervals. •ihe dashed curve :~.·epreBenta a rough estimate of the back• 

grow1.d. 
. . . .....o -

'rhe experimental resolution in th~s 1•egion of K 11' mass is approx• 

imately :f:: 3 ~1eV. We would not expect to see any real atructure with a full 

width of less than 6 MeV • The data ca.n be interpreted i11 one of two ways: 

either we see the effect of the kappa in the region from 719 to '731 Me.V with a 

downward fiuctuation near 727 M.eV • or we see it £rom 719 to 725 MeV with an 
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upwax·d fiuctw.:.ltion m~ar 7 30 :MeV. 'fhe pl'Obability- that the obcilc:&.·ved enhance­

ment il3 due to a statistical accid~u'i; is t:~xnall(::J.• than one chance in 1 o6 for either · 

. :region to ""'1 0 events/3-lvtoV interval (which .lltJi.)'-lars to be iucornpatible with · 
' ' 4 

the data) the oddl:'l inc:r~1;ase to one pa:rt in 10 • In quoting these oJ.da, we have 

· taken tue point of view th('"l.t tb.e region nc.:u· 7 Z5 Zv.l.(;'J V has been specified by the 

tr cxperiruent. If we were to treat our t:xperb:n.ent hm,::pcn.dently of the 'll'. data. 

we would have to multi1)ly these odde& by the number of bina in our spectrum 

( ... 30). We. conclude that the enhancern.ent near 7Z5 lvi.cV i111 statistically aignifi· 

cant, even if no previous e::cpet•irnent had suggested evidence for a 1·eaona11ce 

in. this region. •. 

We now consider t.hc prope1•tiea of the kappa. llt. view of th~ low statistics 

and the various waya of int~u:·preting the data we can at beat estintate the central 
5 . ' . .' ' .. 

value of the mass of the resonance to be 7 23 :.t. 3 MeV and the full w1dth r to be 

leva than 12 MeV. We cannot. however, exclude the possibility of a zero na.tu1·a.l 

width. The fact that in ho caae doea the " ·have a m.caourable length klet~ an 

upper limit of ~ lo-12 St':c on the li!eti:nle. 

To investigate the effect of s·yetenHJ.tic tn•rors (magnetic field, w.rbulence, 

. . ·-0 -
(:ltc.) on the m.aas of the K .1T ayatol'n, we fitted tlte events t~iving a. satir:l:f:actory 

z X 'to reaction {l) to the hypotheoia 

. - - + + . K + P- 11' 1 + 'll' 2 + '1'1" 3 . + P• (3) 

· where the £il'"at t\.vo pions are the decr,y products of K0
• Subsequently we ca.lcu• 

latod the mass of the (n
1
• • ,,2+) s·ystcm. The reoults of t.hia procedure for all 

-0 -exampleG o£ reaction (1) with ~·f.(K 11' ) < tiOO lvteV are i.Uu.otrated in ~ .. ig. 2. ln. 

addition, we empirically tc3t.ed the :relative cenF.Jitivity o£ the ma.as of the K0 

-o -and the K •Tr system to the various systernatic crror.e. '\iV e have fowld that on. 

the average the "R 0 mass is rnor~D acn.sitivc th.a.n the K~'lf- mass by about a fa~tor 
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o£ 2 to various changes in the input data. 'I'his procedure gives us an upper · 

li:r:nit of 1 MeV for poamiblc syatetn.a.tic !Jihi:tts in the K :rnasa~ which is omall 
•, 

compared with ·the £itatiaticaltu1ceri:ainty. Furthermore~ thcr.e should be no 

appreciable bro~dening of the tnasa di1ltrlbution due to such ayaten'la.tic el'l4 ors •. · 

A 1'ough aetimate of the e:ccitation £tmctiori is given in Fig~ 3. The number 

o£ ~e 1 s at each xnomentutn waa determined by phJtting the 'i{0 11' .. m.a.sseo in the 

1.4-MeV bins ot lrig. la and subtracting tho avc1·agc number of evcnta in the two 

neighboring bins fro:m the .number in t11.e central bin,. The ordinate scale (~J.b) 

was obtaint~d on the assumption of an 1 = 1/2 aDsigntnent fot the K, The scale 

should be doubled i! the iaotopic a pin. of the tt turn.s out to be 3/2. W c aosume 

that the1·e is no a.pp1·eciable rate of decay via electron::~.agnetic transitions~ Any 

systematic shifts in the •c masa as a. function of K"' momenturn arc small com• 

pared to 14 MeV and would not influence thia plot. 

;fhe K Tr decay mode of th'e I( indicates a o+ or 1 .. spin-parity ·assigrunent 

fo.r this m:eaon (for spin less than 2). ·We have o1camined the deca,y angular dhtri· 

butions of the 1¢ and find that, within statisticu, they a:re< all c.ompa.Hble with 

isotropy •. However, we feel that this fact sho\l.ld not be taken as evidence against 

· the 1- nssigmnent ; " cause of the intrinaic difficulties associated v'lith tho rela.· 

tively high background, low statistics, and wide range of incident momenta. 

Assuming that the reaction 

-K'" + ·p- K + p (4) 

proceeds via the oue•pion exchange (OP.F;) diagram (as originally suggested for 

reS:ction (2) by D~g and De Cellea6) one can relate the width of the K to the cross 

+ . ... ' 
section for reaction (~) ior eithe1~ a. scalar (0 ) or vectox· (1 ) assignment for the 

. .c. The data are insufficient to test to what e,,tent Ute OPE dia.gran1 dominates the 

reaction. Aaeum.ing however that the OPE diagram h the dominant one, and that 

the 1 - spin of the K ia 1/2, we obtain a widtil of the ord.ar of 1 to 3 MeV £or the 

scalar hypothesis, and about 10 to 100 keY for tb.e vector aasunlpi:ton. N<:Jither 
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value is ruled out by the experiment.· Furthermore. the OPE diagram yields 

a alight forwa,.·d peaking of the angular distribution of tb.e 1< for the scalar 

hy·pothesis. Some enhancen1ent in the !orwtu.•d direction is indeed observed, 

but it r.na.y be due to f.;he ba.ckgrow:td. 

It would be of intere~s~ to ascertain whether the decay mqde K .. - K• + y 

. + 
exists, as its observation would :~.·ule out the 0 assignment. Howeve1•, this 

decay mode is inaccessible in our experiment. We ctln determine only the 
., 

~ - .. -o - 7 upper limit on. another decay mode K - K 0 + lT + y to be 6'1o o£ the K tr n'lode. ' 

We find that we are unable to draw any conclusions as to the spin or parity of 

8 ·the ~. 

It is interesting to con.aidcr s1ome of the theoretica-l implications of the 

IC meson. 'I'he SU 3 unitary oymmetry scheme p1·oposed by Gell-·Mann 9 and 
1 0 . . 

Ne'eman has been used with considerable success recently in classifying the 
. 11 

known n1esons and baryons into multiplets. It is important t.o note that no 

other known mesons could form a 1.mita.:ry multiplot with the .: mason. It will 
. . ' 

be interesting to see if such 11 Wlita.ry partners" ~xiat. There are presently two ' 

poasible assignmente for the 1t th.a.t do not 1·equire any "pax-tnera." Takeda . 

has pointed out a theory o£ the weak interactions which is com.patible with all 

presently known experimental data, but which allows the poasibillty of ~.£1~ 

production of tho intermediate vector bosoris.12 Also Nambu and Sakurai have 

considered the hypothesis that th~ K
1
ll (890 MeV) mesons are coupled to strange• 

ness •changing currents- wnich. are conserved 11as elC.t'lctly as possible. ull This 

hypothesis &ug.geats the existence of a Y= :t: 1, T:: 1i2. J = o+ meoon whose 

coupling to other str011gly interacting particles vanishes in the limit of exact 

unitary &\unmetry. Present experimental d~ta do not allow us to draw any 

_conclusions as to the aasignn·u~mt of the K meson to any of these schemes. Any 

discu as ion of assignments a.t thie stage must be considered to be purely speculative. 



-6- UCRL•l 0761. 
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without whoa:e help thio e::qlerbnont would not have be~n possible. 
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'!'able I. Path hm!tths and nu:rnbera of evt:nts 

============================-----==··= .. ·====-=-=========== ---- . 

. Incident K .. monu:mturn 

(GeV /c) 

1.03 

1,zz 

1.33 

1.43 

1.51 

1.7 

109 

601 

604 

36Z 

ZZlZ 

408 

l?ath length 

(events/tJ.b) 

l.S 

o.s 
s.z 
0.7~ 

a This ~W:'X1ber correoponda. to the patl:'l lent:;th in which. the reaction 

K ... p- Ko,-P was analyzed. Tho total path length hero is about 1.1 event&;i.l.b~·· 
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cr ·is th~ width of the distribution, either experi-mental or natural or both, 

and N the nwnber o£ evontu in the aa:mplo. In this f.ormula it ia a.sau:m.ed 

that we can determu1e which eventa belon.g to the distribution \u:lder con• 

sidoratlon• This is not true in the case of n reaouance superimposed upon 

a high background.. A11 additional u.ncort:1inty due to thia background is 

introduced which is not taken into account in the above for~ula.. 
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7. We observe no evcm.ts which fit the hypotheaia rc· + p ~ ... K0 11'-'VP· with the 

energy of they ray >so MeV, and the maaa of the K0w'"'V aysten1in tho 

" mat.u barid. l.f we aasun1e tb.at the energy· spectrurn of the '( rays is 

determined purely by pha.sc-spao~ considerations, the observation of 

one such event would give an upper limit of 6% for the branching ratio. 

8, The strong decay· of .K':~ (890 MeV)~ K + 1f is forbidden for a o+ kappa. 

As indicated by s. Glaahow, (private COln:nunication), the ratio 

* * . -R = 1•ate (K ... n + u)/ rate (K -• K + u) can be calculated for a 1 assignment 
' . 

(similar to that dono by A, Roserueld, D. Cartnony. and R. Van de Walle-. 

Phys. Rev. Letters !?_, 2.93 (196Z) for p- "'1 + 1r), We obtain 

where 3. and£. are the decay momenta of K ·and K, al'ld ~ and .& are 

coupling constants for fC':c to K w and KTT, respectively, and the factor ot 

two adaes from spin conside1·ations. .For .! o£ the order o£ A• R is 

greater than 1%. An exp~rirnental value of R lceo than Q.l o/o, say, would 

+ suggest a 0 kappa. 
. . 

A preliminary value o.f R can be obtained from the 

reactions K- +p- K011 .. p1r0 and K-11-Tr+p at 1.22 BeY/c. We have 

. no K01T.p11° event~·and 6 K·v·1T+ p events which might be interpreted as· 

K*-- K 0 +'If and ,..1300 K
1

>-• giving R < 11o. · We can draw no conclusions 

at this time. 

9. M. Gell-lv1ann, Phys. Rev. ~~ 1067 (1962); California Institute of 

Technology Report CTSL-20, 1961 (unpublished). 

10. Y. Ne 1eman, Nucl. Phya. '!:.2.• 222 ( 1961 ). 

11. For a review of tho experin1ental sitUation aeo reference 4 and S. L. 

Glashow and A. H. Rosenfeld, Phys. Rev •. Letters l.Q_, 192 (1963). 

1 z. G. Takeda, Phys. Rev. Letter a .!2• 167 ( 1963), 
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13. 
I~ 

Y4 Nambu and J. · J. Sakurai)K Cl2b) a.nd the St:ra.ngenet:as-Changing 

Currents o! Unitary Synuneh·y11 .Endco Fe1•mi lu.atitute lor Nucleal"· 
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Studies and the' DeparttYJ.ent of Phyraics 0 University· of Chicago, private 

com.mUnic:ation: see the following pa.pero 
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~"IGURE LEGJ3~NDS 

Fig, 1. (a) Plot o£ the K0 w· 11.1aes o£ th.c 4296 events !J.~om tlu'}; reaction .' 
I . 

K"'+p-K0 ·'ll'·p at 1.0•1.7 BeV/c in 14.;.MeV intervalo. The curve 

represents the phase space for the reaction proceeding 7 5o/o of the time 
I 

through 1<-p~ K.*•p and 25% through K·p-K 0 1t .. p directly. The K* maaa 

la taken as 890 ~eV; and its ~vidth r ao SO MeV" An enhn.ncement is seen 

at 723 MeV of 33 events above the background curve of 45 (or 42 events 

above the average of the two neighboring bins). 

(b) Plot ot the 680 .. to 800-MeV rnaas region in 3-MoV intervals to 
~ ..... 

! ~;. 

show the structure of the distribution around the K ·mass. The dashed 
. ~ 

curve represents a rough estimate of the· background. Tho resolution is 

6 MeV in this region. 

Fig. 2. Plot of tbe K.0 mass at ea~h lnciden:t momentum as determined by 

fitting the K·p- K0 w·p events as K .. p ~ (w1• • w2+), w·p (l. e~ • without con• 

straining the (11'1• • "';;t) t<) be ·a K0]. All events having a ~Jat1s£actory x. 2 

lor the reaction K .. p-'R0 w·p and having a. K
0
v• masa.below 800 MeV 

. were used. The average masa ot the. (11'1• • '"z+) from the fit lo plotted 

as the ordinate. 

Flg. 3. Ex.eitatlon function for the reaction K·.+p- tt• +p from 1.0 to 1.7 

BeV/c. · The cross sections were detonnined under tlie assumption that 

the IC has. isotopic spin 1 o 1/2 and that the 1•ate of decay via electro• 

magnetic transitions is negligible. lf the isotopic spin o£ tho tt turns 

out to be I= '3/Z, then the ordinate scale should be doubled. 
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