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SEARCH FOR FINE STRUCTURE IN THE K~3 FINAL STATES*, 

** *** Alan R. Clark, T. Elioff, R. c. Field, H. J. Frisch, 
+ Rolland P. Johnson, Leroy T. Kerth, G. Shen, and w. A. Wenzel 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 

ABSTRACT 

A double armed magnetic spectrometer in a Bevatron neutral 

0 + + 0 ± + beam has been used to study the decays KI, -+ 1C-IJ. v and Kf. -+ n e v. 

Over three hundred thousand events have been analyzed and compared 

to the V-A predictions. No deviations from the expected spectra 

are seen.. In particular, no evidence is seen for the structure 

in the tr±IJ.+ invariant mass spectrum near m ~ 429 MeV which has 
1CIJ. ' 

been reported in the final states of vp -+ ~np interactions and 

0 ± + 1 KL-+ n 1-1 v decays. 

.. . . 
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Interest in leptonic resonances has been generated recently by both 
1,-2 

experimental and theoretical investigations. Anomalies in bubble chamber 

±+ data have indicated a possible n 1-1 resonance of mass ~ 429 MeV and width 

< 15 MeV in the final state of both vp -+ 1CIJ.P interactions and ~ -+ 1CIJ.V 

1 decays. Theoretical estimates of the effects of such a resonance have been 

made 3, and it has been suggested4 that the low measured limit on the 

0 +- 5 KL -+ 1-1 1-1 rate could be a consequence of an interfering n~ intermediate 

state. Studies of finite quantum field theory with an indefinite metric by 

6 E.C.G. Sudarshan suggest that leptonic resonances if they exist could mani-

fest themselves in ye, ne, 1CIJ. and nv channels. 
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The data reported here consist of more than 100,000 analyzed K~3 events 

and 200,000 Ke
3 

events. A plan view of the detection apparatus is shown in 

Fi 1 Th t t i i 11 d i d t Seorch for ~ d a i t g. • e spec rome er was or g na y es gne o ~ _D ec ys n o 

lepton pairs and has been described elsewhere5. The region of the Dalitz 

plot examined in this data sample was determined by setting the field inte-

gral of the spectrometer magnets to correspond to a transverse momentum of 

180 MeV/c. 

The trigger logic required a particle to count in the H array in one 

spectrometer arm and a coincident pHrticle to register as a "lepton" in the 

other arm. For the trigger, a "lepton" was defined as a particle which was 

parallel to the neut~al beam line within ± 45 mr (as determined by the hodo-

scopes F and R), and which was identified either as an electron by counting 

in the Cherenkov counter (Freon-12 at 1 atm) or as a possible muon by pene-

trating beyond the second counter in the range box (corresponding to a mini

mum muon momentum of 550 MeV/c). The spark chamber and counter information 

was checked with an on-line PDP-9 computer and stored on magnetic tape for 

later analysis on a CDC 66oocomputer. The experimental conditions were such 

that the data reported here were accumulated in less .than 24 hours. 

The reconstructed events were required to pass cuts on trajectory con-

tinuity on each side, vertex reconstruction, and kinematic consistency with 

the assumed decay. In addition, range cuts were applied to insure that the 

secondary particles were properly identified. That is, a muon had to stop 

with i n 20}b of its expected range and a pion had to stop more than 30% 

short of the expected range of a muon of the same momentum. Thus all K.£
3 

event:s 

had a pion which was clearly identified because it either :interacted :in the abaaJ:Iber or 

• 
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decayed in flight. 
0 +-

Events which were consistent with KL .... 1C 1C decay were eli-

minated from the K~3 spectra. 

The histograms of Figures 2, 3 and 4 show the final 1Ct1 1CY and. J,v mass 

spectra for the K~3 and Ke
3 

data. Because the charged secondary particle mo-

menta and directions were mresured, the m spectrum from K 
3 

and the m 
1Ce e 1(~ 

spectrum from K~3 decays are computed directly. However, because the kaon 

momentum is not known, only its direction, each event has two kinematically 

acceptable solutions for the neutrino vector momentum. Thus each event 

is plotted twice for the m and m. spectra from K 
3 

events, and for the m 
1CV ~v ~ n~ 

and m spectra from K 
3 

events. The resolution of the apparatus and the 
ev e 

absolute invariant mass calibration were determined from an analysis of 

0 +-
~-+ n n events taken simultaneously with the K~3 and Ke

3 
events. The 

resolution (FWHM) is le s s than 4 MeV for the m and m distributions. . ~~ 1(e 

The smooth curves in Figs. 2-4 are the predictions of the V-A theory 

folded with the calculated acceptance of our equipment; the 

factors assumed were g(o) = - 0.8, A+ = 0.04 and A_ ~ 0. For reasons of 

economy, the efficiency calculations were done with variables appropriate to 

the 1(~ and 1(e mass spectra, and it was necessary to smooth the curves shown 

with the 1CV, ev and ~v data. Accordingly, the curves shown in Figs. 3 and 4 

were not used to check for deviations from the V-A theory; nevertheless the 

computed predictions agree quite well with the data. 

In order to estimate the contributions from a n~ res_?na.nce as reported in 

Reference 1, we have compared the measured m spectrum to the V-A spectrum 
1(~ 

plus a Breit-Wigner enhancement of width 15 MeV. We see no evidence for an 

enhancement in our data, with an upper limit on the branching ratio 

P(K
0

-+ ~* (429) + v-+ n± + ~+ + v) 
L ( < -=< x 10-4 ( 9CJ% C • L.) • 

r KE -+ all) -' 
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This limit is two orders of magnitude lower than the branching ratio esti-

0 mate given in Reference 1 for the Ki-L
3 

data. If the structure is assumed 

to be something other than a final state resonance, it seemB unlikely that 

the effect would be seen in the bubble chamber data and not in this ex-

perimental search which has better resolution, positive particle identi-

fication, and 30 times the data in the region of interest. 

It was suggested in Reference 1 that the observed anomalies may be 

correlated with the angle 9 between the muon and the neutrino as measured 
!-LV 

in the ni-L center of mass. The 6 distributions (not shown) for the K 
3 !-LV . 1-l 

data shown in Fig~ 2 have been compared to the Monte Carlo calculations. 

In all cases the e distributions vary smoothly as the m · interval changes 
!-LV nv 

and agree well with the V-A predictions. Also the relative detection 

efficiency as a function of e. for any m near the reported enhancement 
!-LV 1Ci-L 

does not vary by more than ± 30%J thus the contradiction between the bubble 

chamber results and those reported here cannot be attributed to a difference 

in detection e,fficiencies. 

In addition to the test described above on the :rci-L data, each spectrum 

was tested for smoothness. For bin widths of 10, 6 and 2 MeV, deviations of 

each bin from a curve through 6 neighboring bins have been examined for all 

the spectra. In addition, the :rci-L and :rce spectra were treated in 20 MeV 

wide bins to check for the effect reported in Ref. l (The analysis was done 

twice, with the bins offset by 10 MeV). In all, 6oo bins have been examined; 

and only four have been found to deviate from a smooth curve by more than 

three standard deviations, the largest deviation being 3·7 standard de-

viations. From this analysis there is no statistically significant evidence 

for structure narrower than 10 MeV in any of the mass spectra, or 20 MeV in 

the 1Ci-L and :rce spectra. 
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FIGURE CAPriONS 

1) Plan view of the apparatus. The apparatus is symmetric about the ' 

neutral beam center line. F and R are scintillation counter hodo-

scopes. H is a six-counter array. T is a fast-timing counter. 

2) a) The invariant spectrum from the 0 + f..l. + v data. 1tf..l. mass KL ... 1( 

b) The invariant spectrum from the 0 + e + v data. ne mass K -+ 1t 
L 

'.Ib.e smooth curves are from V-A theory (see text). 

3) 
0 . 

Invariant mass spectra for the decay KL -+ n + f..l. + v: 

a) nv mass spectrumJ b) f..I.V mass spectrum. 

The Smooth curves are from V-A theory (see text). Each event is 

plotted twice in each figure. 

4) 
0 

Invariant mass spectra for the decay ~ -+ n + e + v: 

a) nv mass spectrum; b) ev mass spectrum. 

The smooth curves are from V-A theory (see text). Each event is 

plotted twice in each figure. 
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