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The KLOE experiment at the Frascatie™ collider DA®NE, operating at the peak, provides
unique opportunities for precision measurements of kaopgties. We present the preliminary
update of the K lifetime measurement, = 50.56+ 0.14st413-0.21syst NS, from a sample 046
million K — 110 events, tagged by &— 11t 1 decays. The present error on the Kfetime
still limits the accuracy of the determination of thig; CKM matrix element. We also discuss
studies of the branching ratio for'K— mrt 't (y) using approximately 10% of all KLOE
data. This measurement would supersede the previous aiti desing back to 1972 and would
complete the KLOE program of precise and fully inclusive sw@aments of the K dominant
branching ratios.
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1. The KLOE experiment at DAPNE

DA®NE, the Frascatip — factory[1], is an e"e~ collider working at a center of mass energy
of /s~ m, ~ 1020 MeV. Theg production cross section is 3ub. The beams collide at the
interaction point (IP) with a crossing angl ~ 25 mrad, therefore the's are produced with
a small momentum of- 125 MeV in the horizontal plane, and decay in almost collinead a
monochromatic neutral (34%) and charged (49%) kaon pairs.

The KLOE detector consists of a large volume drift chambesunded by an electromagnetic
calorimeter. A superconducting coil provides a 0.52 T soiéal magnetic field. The tracking
detector is a cylindrical drift chamber [2] (DC) 4 m diametard 3.3 m long, with a total of
~ 52000 wires, of which~ 12000 are sense wires. In order to minimize the multipletedat
and theK regeneration, and to maximize the detection efficiencywfdaergyy’s, the DC works
with an helium based gas mixture and its walls are made of figditerials (mostly carbon fiber
composites). The momentum resolution for tracks produdderge polar angle iwrp, /p; <
0.4%. Charged particle vertices are reconstructed with aspasolution of~ 3 mm [2]. The fine
sampling lead-scintillating fiber calorimeter [2] (EMC)rwists of a barrel and two end-caps, and
has solid angle coverage of 98%. Photon energies and airnvas are measured with resolutions
og/E = 5.7%/\/E(GeV) and i = 57pg\/E(GeV) @ 100ps, respectively. Photon entry points
are determined with an accuracy ~ 1 cm/+/E(GeV) along the fibers andr; ~ 1 cm in the
transverse direction.

The unique feature of ap— factory is the possibility oftagging. Specifically the detection
of a K_ (Ks) guarantees the presence of as &KL ) with known momentum and direction,
the same holds for charged kaons pairs [2]. The availalwfitagged kaons enables the precision
measurement of absolute BR’s. The Beam is identified by the presence of a decay-Km™ .
The K_ momentum is given by the decay kinematics ¢f— K Kg using the reconstructed
Ks direction and the small velocity, of the ¢ (v, reconstructed run by run with the Bhabha
events). The selection of the*kbeam is done reconstructing the 2 body decays—K = n° and
K* — u*v(v) . These decays are identified from two clear peaks in the mmeof the charged
secondary tracks in the kaon rest frame.

KLOE completed the data taking in March 2006 with a total gnéted luminosity of~
2.5 fb~1, corresponding te- 7.5 x 10° g-mesons produced.

2. K. lifetime

Two different measurements of the Kfetime, 1, has been already published by KLOE. The
first one, 1. = 50.92+ 0.17sat £ 0.25syst NS [3], has been obtained from the fit of the proper time
distribution of ~8.5x10° K, —3m° decays tagged by &— mr*7r~, while the second one, =
50.724 0.1 151 0.355ysNs [4], by counting the Kdecays and imposing the constraiBR(K )=1,
on a sample of&13x 1P tagged K . However, because the error onis the main limiting factor
on the accuracy of,s from the K_ semileptonic decays [5], we are analyzing the whole KLOE
data sample to improve both the statistical and systematigracies on the, measurement. We
present here the preliminary result based-@i3 of the KLOE data sample.
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The timing performance of the EMC allows to measure the flgdth of the K —neutrals,
with a method that is unique: for eaghthe EMC measures the arrival time and the conversion
point, while K_ direction and momentum are obtained with DC measuremesddjg 1 (left). To
obtain an high and uniform K— m°m°n® vertex reconstruction efficiency, we require at least 3
y's, see figure 1 (right).

1
NEMC B
— ‘._. ./"—"\\
Y-, 098 [ .
L, A
L / 0.96
s
e
7L 0.94
e
>
/// 0.92 -
\J/ Ky
7
/ 09 L L L L L

( 0 5 10 15 20 25 30
\ K, proper time (ns)

Figurel: Left: K| flight path measurement. Right: signal selection efficigf\d§ distribution).

A data sample of selected K— " rr71°® decays, has been used to study the neutral vertex
reconstruction quality:

1. the accuracy of the Kflight path measurement with a singkés checked by comparing it
with the decay vertex position obtained with DC tracking sweaments. The spatial resolu-
tion of the decay vertex ig (pux) ~2.2 cm;

2. the singley reconstruction efficiency has been measuggds Ny, rec/Ny, tag, WhereNy, ag
is the number of events where a vertexrm y has been reconstructed, aNg rec is the
number of events in which a secopds detected where we expect from the kinematics of
the KL — = ® decay. The Monte Carlo has been corrected with the stia/emc
using a hit-or-miss method.

The proper timet*, distribution obtained from the selected sample pf-K n°n°m® is shown
in fig. 2 (left) together with the fit result (the red solid Ijrie the range & t* < 26 ns . The blue
region represents the1.81% residual background shape: the two peaks before 8enduarto
regeneration events and nuclear interactions on the bgaerapid on the internal wall of the DC,
while after 25 ns it is due mainly to the K— =t ° decays. The preliminary result is:

TL = 50.56 £ 0.14¢5t3- 0.215yst NS = 50.56+ 0.25 ns

compatible with the previous KLOE [3], [4] measurementd|, &t be much improved. The statis-
tical error can be improved by decreasing the lower limithef fit region, properly accounting for
the K. beam losses on the regenerating surfaces. Moreover, tisisth error onr, is expected
to further decrease t©0.1 ns, once we will complete the analysis on all KLOE data.
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3. Absolute K™ — m i~ ™ (y) branching ratio studies.

The measurement of the BR of the decay completes the KLOEgmogf precise and fully
inclusive kaon dominant BR’s measurements. The most re@suit, BRK* — " mm =
(5.56+0.20)% ) [6], dates back to more than 30 years ago.

We plan to use two normalization samples given by the two KagsandK. The track of
the tagged kaon is backward extrapolated to the interaaim,ghen the kinematic of the decay
@ — K*TK™, give us the possibility to define direction and momenturhefdignal kaon.

The decay products of the kaons have a very low momentumtiass200 MeV/c, and curl
up in the KLOE magnetic field; this increase the probabildyéconstruct broken tracks and fake
vertices. If we select kaon decays within the inner volumé¢hef DC, the maximum number of
tracks that must be reconstructed is three instead of fout,tle quality of the reconstruction
increases. We require at least two reconstructed trackseidC (pion candidates), then if their
backward extrapolations do a vertex with the path of theaigaon before the inner wall of the
DC (the geometrical acceptance~i26%), we evaluate the missing mass of the decay. The fig. 2
(right) showes the comparison between data and MC of thengissass spectrum, that has a peak
centered around the mass of the pion, the MC backgroundilootidn is superimposed.
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Figure 2: Left: fit to the K_ proper time distribution in the range 8-26 ns, the fit is shasrhe solid red
line, and the background shape from MC is the blue regionhtRisquared missing mass distribution for
uv tag (top) andtr tag (bottom). In black the background, from MC.

The selection efficiency will be evaluated from MC, and catimns will be applied to account
for data-MC differences in tracking. The measurementl, istiprogress, can reach a statistical
relative error of a few 0.1%.
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