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and Paul o. White 
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When K* meaone are abaorbed ln. deuterium. two poaaible reaction• 

are 

x· + c1. - A + ,.. "' + p 

- zo + w· + P 
... A+'/• 

(Ia) 

(lb) 

We have examined m detail a aroup of evente of typea (la) and (lb) obtained 

in aa expoaure of the 15..&1\. d.euterium bubble chamber to a 450-Mev/ c eeparated 

• 1 I K beam. AppUcation G& an eneray-momentum balance at the iateractlon 

vertex le&da to aa unambiauoua aepa.ration ot the A an.4 E0 eventa except for 

a amall fraction of those caeee in which the recoil proton is too ehort for 

meaaurement. l The flttiDa coutralnta alao enaure a hiah degree ot accuracy 

(- 1%) in the determinatlon of the momenta of the reaction producta. Figure 1 

ahOwe the cllatribudon of the kinematic variables T and T _ (proton &lld pion p , 

ld.netic eneray. reepectively) for 2.8Z evente wbieh (a) were produced. by absorption 

of etoppecl K-' a ae determined. by the flttina procedure and (b) did not result -
from the decay of a E0 (reaction lb). In addition. the pion and proton epectra 

for tbeee event• are plotted aeparately in Fi&•· Z and 3. 

* . Wor~ done under the auepieea of the u. S. Atomic Energy Commisaion. 

t Preaeut acldresat Department of Phyaics. Univeralty of Syraeuee. Syracuse, N.Y. 
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Two promlneat feature& of thie ab1orption reaction are reflected in 

the pion peaka at T,. • 9~ and 14? Mev. We cona1cler the hiaher momentum 

peak flrlt. Becauae o! tb.e looae 1tructure of the deuteron, it ie expected 

that a group of A • a wU1 appear aa a re1ult of K. ab1orptlon1 on Jingle 

nucleoaa. 'Thia aroup of eventa may be c:teacribed by an lmpul1e model which 

lncludea the effecta of interactioau in the final atate. In reaction (la) the 

altuatloa ia particularly favorable: eince the pion-nucleon ayet~m is produced 

in the weakly iateracting iaotopic apin 1 = 1/1. state, only the Ap iftteraction 

need be taken into account. The appropriate mocllficatlons of the impvlae 

model have been developed by several authors. 3• 4 They point out that for 

lltopped K-• • captured from atomicS orbitals, 5 the lN (hyperon-nucleon) 

ayatem la produced predominantly with relative angular momentum L=O, eo 

that lateractf.ona in other than S waves of the YN ayatem may be neglected. 

U11D.g the formulae giveD by Kotani and Rosa, 4 we fhu1 that while the anaular 

correlation~ in the final atate depend aeuitlvely oa the •trenstJl ot the i\p 

interaction, the total production rate for stven TP le only elightly atfectecl. 

It 1• apparent from Fig. 1 that thi1 model qualitatively account• for a'baorptiona 

with T p < 10 Mev~ howevel', it predJ.cta that le11 than 10% of the directly 

producecl event• will have Tp > 10 Mev. 

The lower-energy peak occ:ura at pion e~eraiea expected for production 

of ):t 1 in the K. absorption reaction. Since a A rather than a E emera•• 

from the ab1orption vertex, a two•atep proee11 ia IUJgeated.: th.e K .. interacts 

with one nucleon to form a %: and w... and then the %: interact a with the 

other nucleon and converts. to a X vla the reaction E + N- A + p. 3• 4• 6 

- . ~y~ 
For K capture from atomic S orbital• it tf, ehown that the obaerved. conver1ion 

rate ia readily accounted for by reasonable choice of parameters in the zero• 

effective-range theory for the s .. wave I:N interaction. A typical prediction 

7 of the theory for the convereion.-pion 1pectrwn ia shown in Fig. 3. Since 
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conversion occun predomiaalltly in the S wave of the m ayatem, the angular 

ciiatrit..ution of the Ap relative momentum will be isotropic with respect to the 

direction of the recoil , ... • For eueh a diatribution, the frequency of events 

• alon1 llaee of coutant T ... in Fla. 1 will be ind.ependent of T • The calculated , p 

~._./ proton 1pectrum ia abownln na. l. Again, although the theory accounts 

qualitatively for the main features of the coaveraion proc:e1s, there remains 

a aroup of events with TP > 10 Mev aad T,. > 100 Mev which are not reaclily 

a1sociated. with either d.irect-abaorption or interz.al-converaion. 

AlatoD et a1. have recel'ltly presented atroq evidence for the exiatence 

• of a r"aonanc:e in the A tr eyetem (hereafter called Y ) a.t a total maaa of 

My* = 1310• 5 .Mev ancl with a half-width leee than. • 3Z Mev. 8 More recent 

data aupport tlle exiateDce ef thla 'ieaonanc:e and eugaeet that the width may 

be ae little ae • 15 Mev. 9 Production of this 1tate in the K·a absorption 

reactioa woulf4h.-eault in a peak ill the proton spectrum in the region near 

Tp = 30.5 Mev. Examination of Fias. 1 and. Z iDdicatea that tho anomaloua 

events may reacW.y be attributed to prodw:tion of the resoD&Dt Aw 1yetem. 10 

Under tbia aaa\UDption. we have attempted to eattmate the relative importance 

ol the proceaaea contrlbutiaa to thia reaction by foldinJ togethe:l" the three 

diatdbuttou in na. z appropriately normalized to reproduce the obaervecl 

proton epectrum. Poealble illterfereru:e ef£ecte have been neglected. The 

• reaonance cu.rve uaed correapoada to My = 1382 Mev, with a halfwi4th of 

• ZO Mev. From tbie we eatimate that of the 21Z eventa e~1Ded, rouahly 

81 are direct A' •• 102 are iftternal coa.veraiona, and 93 are aaaoc:iate4 with 

the reeoaam: channel. 11 

The a pin of the resonant A 1r atate baa not yet been eatabliehed. 

definitely. In the abaence of final-etate interaction.e, the reaona.Dt cbamwl 

, will result in the A tr bef.ns produced in a pure angular-momentum etate. 

For J = 1/ Z, the c:liatrlbutlon ol. the c. m. A" relative momentwn will be 
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spatially ieotropic. For 1 = 3/Z., the &atribution is not uniquely determined 

by couerva.tion of angular momentum alone, but must still be symmetric 

about a plane perpendicular to tho direction ol the recoil proton.llaoweve:r, 

in the region (large Tp) where the eflect of the Ap tnteractiGn ia likely to be 

small, the angular cU.atrlbutlon is distorted by overlap with the internal-converaion 

events. 

A region of particular interest ie .5 < T < ZO Mev, where both the 
' p • Y and direct production are important, while the contribt.ation from internal 

conversion le nealigible. The observed events ahow a marked tendency for the 

Ap ayetem to be produced. with low relative momentum (larae T, .. on Fig. 1). 

In particular, for the •a evente in tbls group we obtain 

(Nf • N0)/ (Nf + Nb) = 0.44 :t: .13 

where Nf(Nb) is the number of events for which the em ancle of the Aw system 

is lesa than (greater than) 90 d.eg with respect to the recoil proton direction. 

If tho quantum number of the y* are the same ae those of th~ zero·energy K• p 

eylltem (Sl/a for od.d KA parity, pl/2. for oven), eo that this i8 the resonance 
. 13 

ausgeated by Dalitz a.ncl Tuan. · the ciietribution ol evonta lor T P < ZO Mev is 

readily understood ln terms of an attractive S-wave Ap interaction. In using the 

.·ftRS:I'lt.~i.t'etbtt.e~~.t\l~ A1r resonance waa taken into account throuah 

an enhancement o£ the ainsle-nu.cleon transition· operator, (K"'ft:1! Tl Aw·), 
as the energy of the Af'l ayetem was clecreaaed below the K·n threshold. For 

a Ap potential of Gaussian form and range corresponding to two-pion exchanse. 

the data suggest that the volume integral of the average potential is 280 • 90 Mev .. 
. 14 . . 

ferm~ A strong S·wave Ap interaction could aleo be present lf the resonant 

atate were P'J/Z and tb~ KA parity even. II J ia one-hall, but the parity oi 

• . - * the Y differs from that o.! the zero-energy K p system, or if the Y state 

is pl/Z and the K-A parity ia odd, the recoU pl'oton must be produced in an 

• odd angular-moment\lm ata.te with respect to the Y • Since the effect of S-wave 
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Ap acattering will then be amall, the angular ciistribution can probably be 

accoumed for 'by a.a interference between the two prod.u<:tion modes. In this 

caee, the .A will in general lite polarized with reapect to the prod:w:tion plane; 

however, tho data are atatiaticaUy iDadequate to determine whether a significant 

\__.~ eifect ia preaeDt. 

.. 

--· 

* It is ol intereurt to compare tbe rate for Y production with the rate 

for the nonmeaic pro~;ee•e• 

K'"' + d- l;'"' + p; "E.0 + "'A t n. 

which occur with a c:ombiueci frequency of - 1.2% when stopped x·· • are 
15 • 

abeorbe4. Siw:e reaction (la) coJUtit\&tea ~1.5% of all zeJ'o•eneray K 

15 abaorption eveata, we eatimate tb.at - o% of the absorptions proceed thro\llh 

the reaoD&nt A tr- channel. By charae lndapend.ence, an aciditlonal 3% proceeds 

tllrouah the Atr0 chan.nel. The suppreeeion of nonmesic absorption reflects 

the much emaller volwne of the deuteron in which theae events may occur 

because of the large momentum (> 500 Mev/ c) present iD the .final state. 

1t la a pleasure to thank Profeseor Lute Alvarez £or his advice and. 

ew:ouag•meat throqhout this work. and the aaaiatance ol. the bubble-chamber 

aft.Ci 8cazm.i.a& sta£fa of the Lawt"ence Radiation Labol'atory. 
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Footnotes 

1. A preliminary analysis of this reaction was presented in Bull. Am. Phya • 

Soc. U, .!• 36.3 (1958). 

z. The few ambiguous events with T < 3 Mev were assigned to the r.0 and p 

J\. categoriea in proportion to the number observed in each group with 

3 < T < 10 Mev. p 

3. R. Karplus and L. Rodberg, Phya. Rev. !.!_!. lOSS (1959). 

4. T. Kotani and M. Ross, Nuovo cimento !!• lZSZ (1959), Eqs. (50), (51), 

and (SZ). 

5. T. Day, 0. Snow, and J. Sucher, Phys. Rev. Letters 3, 61 (1959). -
6. The existence of this reaction was first inferred from a study of K

absorption stars in nuclear emulsiQn. See F •. Webb, E. Uoff, F. Featherston, 

'W. W. Chupp, G. Goldhaber, and S. Ooldhaber, Nuovo cim.ento !.• No. 6, 

899 (1958). 

7. The presence of a cusp in the w· rate as T • is decreased through the 
• • 

threshold for the reaction E + N .... A + p was emphasized 1n Ref. 4. 

[See also L. Fonda and R. Newton, Phys. Rev. 119, 1394 (1960)]. The 

theoretical curve was calculated using Eqs. (59 through 6Z) o£ Ref. (4) 

and the S-wave effective range parameters: complex scattering length 

A0 + iB0 = ( ... 0.005 + if.OOS) Mev/c • 1: cutoff € = ZOO Mev/ c. Thoush the 

predictions are somewhat sensitive to t. the data remain in disagreement 

with the choice of positive A0, which would correspond to a diagonal J = 1/Z. 

I:N potential atrong enough to produce a bound state. This wa1 first noted 

in Ref. 3. 

8. M, Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano, 

H. Ticho, and S. Wojcicki, Phys. Rev. Letters !• 520 (1960). 

9. M. Ferro-Luzzi, J. Berge, J. Kirz, J. Murray, A. Rosenfeld, and 

M. Watson, Bull. Am. Phya. Soc. U, 5, 509 (1960). -
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10. R. Adair has suggested that pa.rt of the effect observed by Alston et al. 

(Ref. 4) may result from general constraints imposed on the reaction 

amplitudes by conservation of angular momentum and centrifugal barrier 

elfects. [See Pl"oc. Con£. Strong Interactions, Berkeley, Calif. , 1960 

'-~..- (to 'be pubUahed)]. It ia di.t'ficult to see how t~e mechanisms pointed out by 

_c 

Adair can be operative ln the present reaction. 

11. The observed width ol the resonance may be expected to vary, depending 

upon the reaction in which it is produced. The number of events attributed to 

the individual mechanisms depends somewhat upon the width assun1ed for 

the resonance. A sharper resonance leads to more events being assigned 

to the int-ern&l•conversion process., and conversely. 

12. We are indebted to T. Day, L. Rodberg, G. Snow, J. Sucher, and 

S. Claus for clarification of this point. See also L. C. Biedenharn, Sec. 

Vc in Nu.ulear Spectroscopy, Fay Ajzenberg-Selove, Editor, (Academic 

Preas, New York, 1960). 

13. R. H. Dalitz and S. F. Tuan, AnDale of Physical• 307 (1960). 

14. For odd Ki\ parity, the Ap ayatem will be produced in the 3s state. 

This potential is then directly comparable to that calculated by .R. Downs 

and R. Dalitz ( Phya. Rev. ill• 593 (1959)] from data on lambda-hypernuclear 

bindina eneraiea. Neglectins three-body forces they find 174 Mev-fermi 3 

for the same volume integral. For even Kl" parity, the potential is an 

1 3 appropriate average of both the S ancl S interactions. 

15. Data of 0. 1. Dahl, N. Horwitz, D. H. Miller, J. ,J. Murray, and 

P. C. White, reported by L. Alvarez at the Ninth International Conference 

on High Energy Physics. Kiev, USSR, (1959)• L. Alvarez, Interactions ot 

Strange Particles, Lawrence Radiation Laboratory Report UCRL-9354, 

September 1959. 



•• 

-9- UCRL-9514 

Figure Legencia 

Fig. 1. Dtatributf.on of proton and. pion .ldnetlc energies i:n the reaction 

K- + d- A + 11' • + p (Z8Z events). 

J'lg. z. Proton energy apectrum for the reaction K .. + d -A + , .. + p. 

A. Direct production. :S. I; ... A conversion. C. Reaonance ~i(ente 

(half wiclth * 20 Mev). 

Fig. 3. Pion energy 8pectrum lor the reaction K- + d- A. + w- + p • 
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