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ABSTRACT

A double magnetic spectrometer a2t the Bevatron has been used to stucy

the low neutrino energy ends of the K O—aﬂpv (Ku3) and KLO—aﬁev (x

_ L e3)
decay spectra.. The resolution of the apparatus and absolute invariant
. . e L0 ¥ - e
mass calibratvion were determined from K. —a x events accumulated with
L
the K£3 events. A partial analysis yields neutrino mass upper limits

(90% C.L.) of 1.0 MeV for the muon neutrino and 1.1 MeV for the electron

neutrino.



The results of'a preliminafy study of the KEB decay spectra and
neutrino masses are reported here fér two reésons. ‘0ne\is that the resulting
muon neutriho mass limit is smaller than those previousiy published.l The
other is to in&e#tigate the gharacter of neutrinos produced in reactions
~involving a change in strangeness.

The data were accumulated during a search for the rare decays

KI?—;u+u-, ete”™ and ’uie+ . The results of the search and a description
of the'apparatus have been’published.z A schematic of the‘épparétus is
shown iﬁ;Figure 1. The high transverse momentum (> 200 Mey/c) requiréd of
each charggd sécondary enhanced the rélati&é detection rate for Kz3 events

"with low neutrino énergy; The data sample used in this-analysis represents
“about one third of ‘the total accuﬁulated with the evacuated decay yolﬁme.

The original invariant maés calculationé were made with an effective
length yarametefization of the magnets,To achieve a better resolution_énd
separale spurious events, all‘»Kz3 events wiﬁh charged particle invariant
masées above &9O‘MeVAwere're-evaiuétéd after the trajectories had been inte-
grated tthugh the meaSuredvmagnetic fields to improve the momentum resoiution.
One out of tén vK&ﬂ.'events énd éne'éut of ten KZ3 e&ents in the invariant
mass interval 475 to 490 MeV were subjected to the same procedure. The data
reported here are from the re-evaluated sample.

| As well as the usual data cuts to insure that the decays took place in
the vacuuﬁ decay volume, two other rquireménts were used to reduce background.
An event with a muon more than oﬁe range counter from its expected.range was
eliminated. Also, if a parent kabn when ﬁrojécféd back from the vertex to
the prodgction target missed the target by more than'l 1/2", evenvwhen‘the

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

ithe event was rejected.



Figure 2 shows the K%ﬁ invariant méss for the re-evaluated sample.
. This soample not only provides a worst;case measure of thé invariant mass
resélution of the apparatus (there are two pions which can decay in flight
cdmpared to one pion in the Kz3 case) but it provides an absolute éali-
bratiop for tbe invariant mass scale. That is, the fitsvto thev K£3
invariant mass spectra do not depehd 6n ﬁhe measured value of the-kaon;s
mass. |

To cqmpare.the data with the expécted distribﬁtions for massive
néutrinos a.Monte Carlo program was used to determine the detection effi-
ciency of the apparatus. The results reported here‘are rather insensitive
to the detection efficiency beéause the invariant mass inter?als used in
the fits are small; the detection efficiency for K23 events with 10 eV
neutrino energy {center of mass) is about T5% of that for events at the |
zero neutrino energy end of the spectrum.

For theée preliminary results, the Knn distribution has been used
as.the resolution function and has been folded in directly to the V-A
predictions. Figurg 3 shows the we invariant mass spectrum from the

K events compared to the predicted curves Tor neutrino masses of O

e3
and 1.6 MeV. Except for the relative normalization there are no adjustable

. 2 A . .
parameters. Figure 4 shows the X~ as a function of assumed neutrino
mass; the 90% confidence level limit for the mass of the neutrino is 1.1

MeV. (The fits are somewhat better and the limit lower if a narrower K1n

~width is assumed.)

The K events are known to have a background from the K&ﬂ events

u3

which have n decays upstream of the analyzing magnets. TFigure 5 shows

the nu invariant mass distribution for well-identified Kn1 events with

4



one of the secondaries purposely identified as a muon. The Kﬂﬁ events

which are not so easily identified as Krn events should produce a broader
. , :

7w spectrum than that shown in the figure. To choose a s invariant mass

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

‘mass fits we have compared the fits for different choices of invariant mass:

interval. TFigure 6 shows the X? per degree of freedom as a function of
the lower limit of the fit interval. The upper limit is 498 Mev.

Confidence levels are good for interfals starting at of above k93 MeV.
Fféure_? éhows the nu invariant mass spectrum along with the V-A prédictions
for neutriho masses of 0. and 1.6 MeV normalized to the ‘interval 593fto Lod
teV. Figure 8 shows the X? distribution for 1its in this intefval asva
function of ncutrino mass. The 90% confideﬁce level limit for the mass of
the muon neutrinovis 1.0 MeVv. .

We have examined the fiﬁs fgr dgpendence on. K£3 form factors and
rédiative corrections. There are rio significanﬁ changes even for large
changes in the form factors and radiative correction cut-off parameter.

More precisz2 results are expected with the addition of the rest of
the deta and with the use of a cpnstiainédvevent fitting prograzs which

should improve the invariant mass resolution significantly.



Fig. 1.

Fig. 2.

Fig. 8.

FIGURE CAPTIONS

Plan view of the apraratus. T and R are counter hodoscopes.

H is & six counter array. T 1is a fast-timing counter. The

spark chamber irigoer required a charged particle on cuach side »
with transverse momentum greater than about 200 MeV/c.

Invariant mass distribution for dipion events. The parent’
kaon is required to miss the production target by less than
11/2". '

Invariant mass for =xe events compatible with Ke3 decays.
The solid curve is the V-A prediction for zero neutrino mass.
The dashed curve corresponds to a neutrino mass of 1.6 MeV.

. 2 . . . . : .
KeB X distribution as a function of assumed neutrino mass.

i1 invariant mass distribution for’ purposely incorrectly
1dent1f3ed ﬁ events.'

Results of fits to the ﬁu invariant mass spectrum for diff-
erent invariant mass intervals. Tne lovwer limit of the interval
is the abscissa: the uprer limit is always 493 jeV. The ordi-
nate is the X? per degree -of freecom for the fit.

s

4

4L,
v

%4 invariant mass spectrur for events compatible with £.3
events. The so0lid curve is the V-A prediction for zero "

reutrino mass. The cashed curve corresponds to a neutrino

mass of 1.6 ieV.

. 2 . . . . .
Ku3_ X~ distribution as a function of assumxed neutrino mass.



FOOTNOTES

l. P.S.L. Booth; R.G. Johnson, E.G.H. Williams, and J. Vormald, Physics
Letters 268, 39 (1957). .

2. R. Clark et al, Physical Review Letters 26, 1667, (197:).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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