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Measurement of the Lifetime of K Mesons in the Momentum Range 100 to 350 GeV/c
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In an experiment at Fermilab we have measured the lifetime of K2 mesons produced by 800-GeV/c
protons on tungsten. K§— 7 n~ decays from 100 to 350 GeV/c, between 9.3 and 25.3 m from produc-
tion, were selected for the measurement. The result was (0.8920 +0.0044) x 10 ~'° sec, in excellent
agreement with measurements performed for 2-5-GeV/c KQ. The lifetime was also calculated for seven
momentum bins. The results were completely consistent with Lorentz invariance. No evidence was
found for the momentum dependence suggested by the intermediate-range “fifth-force” hypothesis.

PACS numbers: 13.25.+m, 14.40.Aq

In this Letter we report high-precision measurements
of the K lifetime (r5) made over a wide range of kaon
momenta. While it is intrinsically important to measure
the basic parameters of the K°-K? system, our rg mea-
surement was also motivated by recent speculation'
about the existence of a fifth force that couples to hyper-
charge. The data were collected during Fermilab experi-
ment 621 to search for CP-symmetry nonconservation in
K¥— 77~ 7% decays.

In a reanalysis of three K¢ regeneration experiments

dN N
R _p, N

dt TS

+ 10+~ 2exp

—1
{Iplzexp[——
Ts

where B4 _ is the K§— ntx~ branching ratio, N, is
the number of Kf in the beam, 7, is the K lifetime, and
p is the (complex) regeneration amplitude with phase ¢,.
These experiments were designed to measure p (and ex-
tract the difference of K© and K° forward scattering am-
plitudes), not to measure KO-K° decay parameters. As
ABCF point out, with so many parameters affecting
proper time dependence, it is not easy to isolate the effect
of any one parameter by fitting Eq. (1) to regeneration
data.

We avoid this problem in our experiment by studying
decays of K¢ made in proton-tungsten collisions, rather
than by regeneration, and by choosing a proper time
range where the contribution of CP nonconservation is
insignificant. A proton beam of momentum 800 GeV/c
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at Fermilab, Aronson, Bock, Chen, and Fischbach?
(ABCF) found evidence that the values of four K°-K°
parameters changed with the kaon’s momentum over the
range 30-110 GeV/c. These were Am, the mass dif-
ference of KP—K2; | n+ -, the magnitude of the CP-
nonconservation parameter in K — 7"z~ decay; ¢+ -,
the phase of n4+—; and ts. In these experiments a K?
beam strikes a target, and the number of 7+ 7z~ decays
in the forward direction, per unit proper time ¢, dNg/dt,
is
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struck a tungsten target, 9.6 cm long and 3.5 mm in di-
ameter, located at the entrance to the Fermilab Proton
Center Hyperon Magnet, which is 7.3 m long, weighs
400 tons, and has a 3.5-T field. A collimator was located
in the magnet with a defining aperture 3.2 mm in diame-
ter 4.0 m from the target. It allowed only neutral parti-
cles to pass through the magnet and enter our detector, a
pair spectrometer. Figure 1 shows the target, magnet,
collimator, and detector. Two 1-mm-thick scintillation
counters V1 and Sl, located inside an evacuated pipe,
defined a decay region between 8.1 and 26.7 m from
the target. Six multiwire proportional chambers
(MWPC’s), and an analysis magnet with transverse
momentum bend of 1.6 GeV/c were used to reconstruct
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vocuum decay ., ___ c4C5 06 chose those decays where the momentum ratio of the 7+
target regon o \CS / / and 7~ was between 1 and 3. This eliminated the copi-
/ | I ous background of A°— pr ™ decays.

Proton _\ - The trajectories of the two charged particles were
Beam I reconstructed from the MWPC hits, and the following
- * criteria were used to select events: (1) Under the as-
Hyperon A \B sumption that both tracks were pions, the 7+ 7z~ invari-
Magret ant mass was within three o of the K° mass, (2) the
reconstructed vertex was within the decay region, and
FIG. 1. Plan view of the apparatus showing the 800-GeV/c (?) the kaon lay within the volume .Of ph'asc.: space occu-
proton beam, K ° production target, Hyperon magnet and colli- pied by the beam. These criteria eliminated back-
mator, evacuated decay region with scintillation counters V1 grounds and kaons from sources other than the produc-
and S1, multiwire proportional chambers C1-C6 with the tion target. 80% of triggers reconstructed to a “V” to-

Analysis magnet between C3 and C4, and the A and B hodo- pology and 54% of Vs satisfied the three criteria.
scopes of scintillation counters. In Fig. 2(a) we show the n#*7~ invariant mass for
events satisfying criteria 2 and 3. In Fig. 2(b), for
events satisfying all three criteria, we show the p# distri-
the vector momenta of the 7% and = ~. Two hodoscopes bution, where p7 is the momentum component measured
of scintillation counters, A and B, were used in forming by the spectrometer that is transverse to the (known)
the trigger. The list of hit MWPC wires and scintillation kaon direction. The Monte Carlo simulation agrees with

counters was generated and written on magnetic tape the data very closely.

whenever the following trigger conditions were satisfied: We then divided the data into bins 10 GeV/c wide in
A VI-SI coincidence occurred, signaling the decay of a momentum and 0.5 m long in longitudinal decay vertex
neutral particle in the decay region; and one counter was position. We binned the Monte Carlo events in the same
hit in the left half and one in the right half of each of the way, and in each bin calculated the acceptance of the
A and B hodoscopes. In addition the hits in the A and B detector. We then fitted the acceptance-corrected data
hodoscopes were examined by a trigger processor that | to the hypothesis of the known proper-time evolution of

K°— n*n™, dN,/dr
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Here D is the dilution factor [D =(K°—K°)/(K°+ K°)]. To eliminate possible correlations among the parameters in
the fit, we chose only events of momentum greater than 100 GeV/c, for which CP nonconservation contributes <1.6%,
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FIG. 2. (a) Histogram of invariant mass of #* 7~ pairs, showing the K° peak. (b) Histogram of transverse momentum squared
of reconstructed K®— n*x~ events. In (a) and (b) the results of the Monte Carlo simulation of the experiment are also plotted.
(c) Proper time histogram of data corrected for acceptance, for kaon momenta between 160 and 170 GeV/c, shown on a semiloga-
rithmic plot. The fit to Eq. (2) with 7, =0.8920% 10 ~'° sec is also shown.
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TABLE I. K¢ lifetime results.
o particle data group average
4 Aronson et al (Ref2) Momentum range Average acceptance Fit results
§ s experment (GeV/c) (%) (10 1% sec)
2 2

7% A da g o M | 70-100 153 0.878 £0.010
from Ref 2 with _| 100-150 33.6 0.896 *+ 0.007
N=land 2 150-200 42.5 0.887 =+ 0.008
%2 200-250 39.7 0.901 £ 0.011
250-300 29.7 0.869+0.018
300-350 19.4 0.883+0.033

350-400 11.7 0.883+0.06
100-350 35.3 0.892 %+ 0.004

T =0892x10™Osec

080 | | | N { 1 | 1
o} 100 200 300 400
p (GeV/c)

FIG. 3. Measurements of 7, vs kaon momentum. The re-
sults of this experiment, the weighted averages of carbon and
hydrogen regeneration results of Aronson et al. (Ref. 2), and
the Particle Data Group compilation of low-energy experi-
ments are shown. Fits from Ref. 2, discussed in the text, are
also plotted.

as calculated from Eq. (2). The fit with Eq. (2) is sensi-
tive only to rg. Figure 2(c) shows the acceptance-
corrected data for 160 < p <170 GeV/c, plotted versus
proper time.

ABCF performed their fits either for all of their data
at once (““‘method A™) or for independent momentum in-
tervals (“‘method B™), and we have done the same. Our
“method A” fit used 213967 events with 100 < p <350
GeV/e and 9.3<z<253 m, and assumed that rg
is independent of momentum. The result was 7ts
=(0.8920+0.0044)x 10 "% sec, in good agreement
with the Particle Data Group (PDG) value® of
(0.8923 +0.0022) x 10 7'% sec. The x? was 822 for 799
degrees of freedom. Equation (2) with 75=0.8920
x 10 7'% sec is plotted in Fig. 2(c). The good x? indi-
cates no detectable deviation from the hypothesis of
momentum independence.

The statistical uncertainty is what is quoted above.
We have investigated two sources of systematic uncer-
tainty. First, backgrounds of non-K,, decays are less
than 0.1%, and their effect on g is smaller yet. Second,
we have estimated the uncertainty of the acceptance cal-
culation by varying selected Monte Carlo input parame-
ters within statistical errors. The acceptance calculation
was most sensitive to the A hodoscope x position and the
target x position. We changed these parameters and
generated samples of events with statistics equal to the
data, and analyzed them as if they were data to see their
effect on z5. They contributed an uncertainty of *0.2%
and £ 0.1%, respectively. We investigated the effects on
our final results of varying s in the Monte Carlo pro-
gram, and found them negligible. Adding all sources to-
gether in quadrature results in an estimate of the sys-
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tematic uncertainty of +0.24%, or *+0.0022x10 !0
sec.

In a more sensitive test of r¢ momentum dependence,
we binned our data in five 50-GeV/c-wide momentum
bins from 100 to 350 GeV/c and fitted each bin indepen-
dently. The result is shown in Fig. 3 and the numbers
are given in Table I. Also shown in Fig. 3 is the Par-
ticle Data Group result (plotted at 5 GeV/c) and the
weighted average of carbon and hydrogen regeneration
“method B fits of ABCF. We interpret the data of this
figure as showing no evidence for a change of g with
momentum. Two additional points from our data are
plotted in Fig. 3: one from 70-100 GeV/c, which has
larger contributions from CP nonconservation, and one
from 350-400 GeV/c, which has large statistical uncer-
tainties.

For comparison Fig. 3 shows four fits made by ABCF
to the hypothesis that

s = ‘L'()(l +b (N))/N),

where 7 is the value at zero momentum, b™ is a fitted
constant, y=p/mp, and N is 1 or 2. They performed y
and yz fits for both method A and method B. Their ya,
y&, and y§ results, considered as hypotheses to explain
our data, have X2 values of 1346, 108, and 29, respective-
ly, for five degrees of freedom. Their yg fit, consistent
with zero momentum dependence, has a X2 of 4.3 when
compared with our data.

Their method-A and method-B fits disagree with each
other, even for their data. As ABCF point out, the main
difference between their fitting methods is the handling
of correlations among the parameters. There are two
kinds of correlations to consider: First, 75, n+ -, etc.,
might really change with momentum in a correlated way
and, second, artificial correlations not present in nature
may be introduced by the fitting program. Our data
have better statistical precision and cover a broader
range with which to search for momentum dependence
of 7s. We see no such momentum dependence. In a
publication by Coupal ef al,* | n4+—| was measured, at
a mean K momentum of 65 GeV/c, to be equal to the
average of previous experiments that studied K2 of mo-



VOLUME 59, NUMBER 1

PHYSICAL REVIEW LETTERS

6 JULY 1987

menta less than 10 GeV/c. This lends weight to the
present conclusions.

We wish to thank S. Aronson, E. Fischbach, C. Tal-
madge, and O. F. Overseth for many interesting discus-
sions; D. Feyma, P. Ward, A. Pal, and E. Kneedler for
help in the early stages of the experiment; L. Pondrom
for the loan of the MWPC system; and the staffs of the
Fermilab Experimental Areas and Computing Depart-
ments for assistance at all stages. This work was sup-
ported in part by the National Science Foundation and
the Department of Energy.

(a)present address: Fermi National Accelerator Laboratory,
P.O. Box 500, Batavia, IL 60510.
(b)present address: 2701 E. Utopia No. 31, Pheonix, AZ

85024.

(©Present address: Physics Department, Rockefeller Univer-
sity, New York, NY 10021; mailing address: EP Division,
CERN, CH-1211, Geneva 23, Switzerland.

'E. Fischbach, D. Sudarsky, A. Szafer, C. Talmadge, and
S. Aronson, Phys. Rev. Lett. 56, 3, 1427(E) (1986).

2S. Aronson, G. Bock, H.-Y. Cheng, and E. Fischbach, Phys.
Rev. D 28, 476 (1983).

3M. Aguilar-Benitez er al. (Particle Data Group), Phys.
Lett. 170B, 1 (1986). The three most precise experiments con-
tributing to the Particle Data Group average are as follows:
W. C. Carithers et al., Phys. Rev. Lett. 34, 1244 (1975),
who found (0.8913+0.0032)x10 7% sec; O. Skjeggestad
et al., Nucl. Phys. B48, 343 (1972), who found (0.8958
+0.0045)x 10 7'% sec; and C. Geweniger er al., Phys. Lett.
48B, 487 (1974), who found (0.8937 = 0.0048) x 10 ~'0 sec.

4D. P. Coupal et al., Phys. Rev. Lett. 55, 566 (1985).

21



