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.ABSTRACT 

A double magnetic spectrometer at the Bevatron has been used to study 

the low neutrino energy ends of the KL0~ 1(~V (K~ 3 ) and ~0-+1(ev (Ke
3

) 

decay spectra. The resolution of the apparatus and absolute invariant 

mass calibration were determined from 
-

0 . +·
K_ --+ 1( 1( 

J..J 
events accur..ulated with 

the events. A partial analysis yields neutrino mass upper limits 

{9o~ c.L.) of 1.0 MeV for the muon neutrino and 1.1 MeV for the electron 

neutrino. 
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The results of a preliminary study of the 0 Kt
3 

decay spectra and 

neutrino masses are reported here for two reasons. One is that the resulting 

. 1 
published. The muon neutrino mass limit is smaller than those previously 

other is to investigate the character of neutrinos produced in reactions 

involving a change in straneeness. 

The data were accumulated during a search for the rare decays 

0 + - + -
KL -4 ~l ~ , e e and ±+ 

~ e The results of the search and a description 

of the apparatus have been· published.
2 

A schematic of the apparatus is 

shown in FiGUre 1. The high transverse momentum (> 200 MeV/c) required of 

each charged secondary enhanced the relative detection rate for Kt
3 

events 

with low neutrino enerc;y. The data sample used in this analysis represents 

about one third of the total accumulated with the evacuated decay vol~~e. 

The original invariant mass calculations were made with an effective 

length p.rameterization of the magnets. To achieve a better resolutior: and 

separate spurious events, all Kt
3 

events with charged particle invariant 

masses above 490 r-~eV were re-evaluated after the trajectories had been inte-

grated through the measured magnetic fields to improve the momentum resolutio:::l. 

One out of ten K events and one 'out of ten events in the invariant 
1{1{ 

mass interval 475 to 490 MeV were subjected to the same procedure. The data 

· reported here are from.the re-evaluated s~~ple. 

As well as the usual data cuts to insure that the decays took place in 

the vacuum decay vol~~e, two other requirements were used to reduce backgro~~d. 

An event with a muon more than one range counter from its expected range was 

eliminated. Also, if a parent kaon when projected back from the vertex to 

the production target missed the target by more than 1 1/2", even when the 

missing neutrino momentum vector was assumed in the optimum direction, then 

the event was rejected. 
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Fieurc 2 shows the invariant mass for the re-evaluated sarnple. 

.. This S3mple not only provides a vlorst-case measUre of the invariant mass 

resolution of the appuratus (there are two pions which can decay in flight 

co~pared to one pion in the K£
3 

case) but it provides an absolute cali

bration for the invariant mass scale. That is, the fits to the K£
3 

invariant ffiass spectra do not depend on the measured value of the kaon's 

mass. 

To compare the data with the expected distributions for rr.assive 

neutrinos a ~.:onte Carlo program was used to determine the detection effi-

ciency of the apparatus. The results reported here are rather insensitive 

to the detection efficiency because the invariant mass intervals used in 

the fits are small; the detection efficiency for K£
3 

events with 10 :.:eV 

neutrino enerGY (center of :mass) is about 75'/o of that for events at the 

zero neutrino enerGY end of the spectr~~. 

For these preliminary results, th~ K~~ distribution has been used 

as the resolution function and has been folded in directly to the V-A 

predictions. Figure 3 shows the ~e invarian·:; n:ass spectru.~ fror:i the 

Ke
3 

events compared to the predicted curves for neutrino ffiasses of 0 

and 1.6 l<eV. Except for the relative nornaliza.tion there are no adjustable 

parameters. Figure 4 shows the ~t2 as a function of ass~ed neutrino 

mass; the 90'/v confidence level limit for the rr.ass of the neutrino is 1.1· 

MeV. (The fits are somewhat better ~~d the limit lower if a narrower 

width is ass~Tted.) 

The events are known to hc.::e a background from the K events 
~~ 

which have ~ decays upstream of-the analyzing magnets. Figure 5 shows 

the ~l...l invariant mass distribution for well-identified K events with 
~;t 

.... 
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one of the secondaries purposely identified as a muon. The K 
1(1( 

events 

"Which arc not so easily identified as K 
1(1( 

events should produce a broader 

1fil spectrum th~in that sbmm in the fic;urc. To choose a 11"11 invariant rnass 

interval which has a minimum of backcround and is suitable for neutrino 

mass fits viC 1-:ave compared the fits for different choices of invariant mass· 

interval. Ficure 6 shows the ~2 per degree of freedom as a function of 

the lower li::ii t of the fit interval. The upper limit is 498 ll.eV. 

Confidence levels are good for intervals starting at or above 493 tl.eV. 

Figure 7 sho\vs the 1fil invariant mass spectrwn along with the V-A predictions 

for neutrino rr,asses of 0. and 1.6 tv!eV normalized to the interval 493 to 493 

t-~eV. Ficurc 8 sho1vs the x2 
distrib1.1'tion for 1 its in this interval <.:.s a 

function of neutrino mass. The 90% confidence level limit for the ~ass of 

the muon neutrino is 1.0 MeV. 

He havo2 examined the fits for dependence on K.£
3 

for:n factors and. 

radiative corrections. There are rio significant changes even for large 

chances in tbe form factors and radiative correction cut-off para.::eter. 

rt.ore precis~ results are expected with the addition of tr.e rest of 

the data and with the use of a constrained event fitting progra.::1 which 

should improve the invariant mass resolution significantly. 



.: 4-- -

FIGURE CAP'TIO:JS 

Fig. 1. I'lo.n vicH of the o.p:raratus. F o.nd n arc counter hodoscope~. 

Fig. 2. 

Fig. 3· 

}! is b six counter arr~y. T is a fo.st-timinc counter. The 
sr:rrk cho.:c,bcr tricc;er required o. ch:.~.rc;cd J~o.rticlc on cn.ch side 
with transverse mo~r.cntwn creater tho.n about 200 l·1eV/c. 

Invo.riant r..ass distribufion for dipion events. 
kaon is required to ~iss the production target 
l 1/2". 

The parent' 
by less than 

Invario.nt mass for ;le events compatible vlith i\ decays. 
The solid curve is the V-/, oredicticm for zero ne~~rH!O rr.ass. 
The dashed curve correspond~ to a neutrino mass of 1.6 It;eV. 

Fig. 4. i{e 3 x2 
distribution as a function of assu.'ned neutrino rr.ass. 

Fig. 5. rt:;1 invariant mass distribution for· purposely incorrectly 

.,..,. 6 .r lG. . 

Fig. 7. 

idcntif'ied K events. 
1(1( 

r:e~ult s of fits 
erent invaric..nt 
is the abscissa; 
nate is the 'X..2 

to the ;l~l invariant :nass spectru.':l for di:'f
rr.ass intervals. The lO'.·Ier Emit of tr.e inl.erval 
the u:;:;r:.er li:::i t is c..lwJ.y s 4 9J ;.:ev. The ordi
per deGree of freedom for the fit. 

~,1 invariant r..ass spectr:.:.::. :~or events co:;.patible vlith K, 3 .,.. 
events. The solid curve is ~~e V-A prediction for zero 
neutrino ~ass. The cashed c~ve corresponds to a neutrino 
mass of 1.6 ).:ev. 

Fig. 8. ~3 ~ distribution as a function of assu.~ed neutrino ~ss. 

• 

• . 
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FOOTNOTES 

1. p.s.L. Booth, R.G. Jormson, E.G.JI. Williams, and J. Vlor.nald, Physics 
Letters 2oB, 39 (1967). 

2. R. Clark et al, Physical Review Letters 26, 1667, (197~) . 
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