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The KLOE experiment at the Frascatfactory DA®NE collected 450 pb' of data during 2001—
2002 running, and is expected to have collected an additbfia * by the end of this year. This
report summarizes recently completed results on neutkat kizcays based on the 2001-2002
data, including branching ratio measurementsier— 2rmrandKs — 3rrdecays, semileptoni€s
decays, and the dominaiit decays; measurements of the lifetime; and measurements of the
form-factor slopes foKez decays of théK, . Prospects for improvements and new results based
on the 2004-2005 data are also described.
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1. KLOE and DA®NE

KLOE is a large, general-purpose experiment at the Fragcédictory, DA®NE, anete
collider running at,/s = my ~ 10195 MeV. During the years 2001-2002, KLOE collected a
data set of about 450 pb. After a DA®PNE shutdown for upgrades in 2003, KLOE data taking
restarted in spring 2004. KLOE will end running.@s = m,, at the end of 2005, with an expected
20042005 data set of about 2°fh

The KLOE detector consists of a cylindrical drift chambeC)Dsurrounded by an electro-
magnetic calorimeter (EmC). A superconducting coil pregi@ 0.52 T axial magnetic field. The
drift chamber [1] is 4 m in diameter and 3.3 m long. Tracks fritra origin with 8 > 40° are
reconstructed witlo,/p < 0.4%. The energy resolution of the lead/scintillating-fibafocime-
ter [2] is og /E = 5.7%//E (GeV). The stochastic contribution to the time resolutiorojs=
54 ps/\/E (GeV). Photon vertices fronm® decays inside the DC (e.qg., froly — " ) are
reconstructed by time of flight (TOF) with a resolution of ab@ cm.

The KLOE Monte Carlo (MC) [3] includes a detailed descriptmf the detector, and includes
two features of special interest for analyses of neutrahl@erays. First, machine background is
extracted from the data set and overlaid with generatedtgvaris is particularly important in
searches for rarks decays. Second, the kaon decay generators implementivadiahtributions
as described in Ref. 4. This is important for all precisiorasweements dks andK, decays.

2. KLOE and the KgK|. system: Tagging and inter ference measurements

At a ¢ factory such as D®NE, about 16 KK, pairs are produced per pb of integrated
luminosity. These pairs are in a pure, antisymmetric quargtate §°© = 1~~). Reconstruction
of a Ks decay in an event therefore signals the presence Kf and vice versa. Most KLOE
measurements of tH&sK, system are “tagged” measurements based on this principle.

Since theKs and K, are initially in a pure quantum state, it is also possible lisavve the
effects of quantum-mechanical interference. When the tamk decay to final statds and f, at
timest; andty, the decay distribution iAt =t, —t; contains an interference term proportional to
cogAmAt — ¢n2), whereAm= m_— ms, and@;; is the phase difference between the amplitude ratios
N1 for K. andKs decays to each final state. This allows measurement @m®garameters and
other quantities [5]. Wheffy = fo, g2 =0, i.e., because of the antisymmetry of the initial state and
the symmetry of the final state, there should be no eventsAtith0. This has been demonstrated
using 380 pb' of KLOE data from 2001-2002. The distribution 4 for KsK, — mrm mHm
events was formed and fit with a function incorporating theesinmental resolution and the effect
of K. — Ks regeneration on the beam pipe, in addition to the expectedlutaon of frequency
Am (Fig. 1). The interference term in the fit function was muiég by (1— {g ), where normal
quantum mechanics predicfgg = 0. With Am fixed to the PDG value [6], KLOE obtains the
preliminary result{g = 0.04373038 + 0.008, which is consistent with zero and a factor of four
more stringent as a test of quantum mechanics than the tessdd on an analysis of CPLEAR
data on thek°K° system [7].
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Figure 1. Distribution inAt for ¢ — KK, — m - m"im events. Points are data; red line indicates fit.
The deficit atAt = 0 and the modulation of frequenéynresulting in the peak dit/7s~ 5 demonstrate the
effects of quantum-mechanical interference. The exce/ag ~ 18 arises froni. — Ksregeneration on
the beam pipe.

3. Ksdecays

Ksdecays are tagged by the interaction #f an the EmC, referred to as &{ crash.” TheK_
crash is recognized as an isolated, high-energy (typidally 100 MeV) cluster that arrives roughly
30 ns after the clusters from tig decay. The tagging efficiency is about 30% and is dominated by
the probability for theK, to reach the calorimeter. The position of #e crash, together with the
kinematics of thap — KsK| decay, determines the trajectory of tiea priori with a momentum
resolution of about 1 MeV and an angular resolution bettantti. The simulation of the EmC
response to thK, crash in the KLOE MC has been carefully adjusted with refeseio data [8].

A measurement of the rati.; = BR(Ks — " 1 (y))/BR(Ks — m°m) fixes the value of
BR(Ks — mtm(y)), which normalizes branching ratio measurements of dtkatecays. KLOE
also uses the analysis Bf;; as a laboratory for the reduction of experimental systaraatihe
ratio itself is interesting in that it can be used to deteerdgn— &, the difference in strong final-
statertrt phase shifts (see, e.g., Ref. 9). KLOE has non-zero acaaptavrer the entire range of
photon energies fds — " 1~y decays, and the KLOE measuremenRgf; is fully inclusive of
such decays. The previous KLOE measuremerR;gf[10], based on 17 ptt of year 2000 data,
was characterized by a 0.7% error dominated by systematiesanalysis has been repeated using
the 2001-2002 data set (4107, with various improvements. The preliminary value obgain
for Ry is 22564 0.003+ 0.010. A further reduction of the 0.4% systematic error is ekpe as
this result is finalized.

The decayKs — 371 is purelyCP violating. If CPT is conserved, the BR for this decay can
be predicted fronf's = [|& + 5012 ~ 1.9 x 107°. In KLOE, the signature is an event withka
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Figure 2: Distributions inEmiss— Pmiss (évaluated in the signal mass hypothesis) for candidgte: rev
events in the 2002 data set. Left panehe™v events. Right panelrte™v events.

crash, six photon clusters, and no tracks from the intemagtioint. Background is mainly from
Ks — m°r® events with two spurious clusters from splittings or acetdeactivity. Based on an
analysis of 450 p’f)1 of 2001-2002 data, KLOE has obtained the 90% CL limit BR.2 x 10~/
[11]. With the additional 2 fb* of data from 2004—2005 and improvements to the analysisrunde
development, this limit can potentially be reduced by anitaaivhl order of magnitude. KLOE
can also use thi, -crash tagged sample to search for the dd¢ay- " 1°, which proceeds
mainly via aCP-conserving Al = 3/2 transition. The current PDG value of the BR for this decay,
3.2712 % 1077, is computed fronKsK, interference measurements. KLOE has used 740 pb
of data from 2001, 2002, and 2004 to estimate the precisicth®m®BR that can be obtained in a
direct search. Six candidate events are identified with aimated background of 3.5 events. With
2 fb~1, KLOE should be able to measure the BR for this decay with a 0%, i.e., with precision
similar to that of the interference-based measurementsrly entering the PDG average.

The semileptonic decays of the neutral kaons can be usedtt@RE through the charge
asymmetrief\s , defined as the difference between the widthsfgor K| decays to final states
of each lepton charge, divided by their sumg and A_ quantify CP violation in KOKO mixing,
and should both be equal to 2Relf As andA_ are found to be differenCPT is violated, either
in K°K® mixing or in direct transitions witl\S # AQ. The equivalence of the partial widths
for semileptonicKs and K, decays is also a test of thes = AQ rule. Finally, the CKM matrix
elementV,s can be determined from the semileptonic widths. The cuP&® value for the BR
is dominated by the KLOE measurement made with 17'pif year 2000 data [12], which has
an error of about 5% with no distinction between charge stafbe KLOE analysis dks — 1rev
proceeds from thé& -crash tagged sample and exploits the excellent timingopmdnce of the
EmC to identify signal events by TOF and to assign the chafgbeolepton in the final state.
Figure 2 shows the distributions Eyiss— pmiss for Ks — mev event candidates for each state of
lepton charge. This quantity is similar to the missing mamkia zero for signal events. The signal
peak is prominent and cleanly separated from the backgrdusig 410 pb* of data from 2001
and 2002, KLOE has obtained the preliminary result§ BRetv) = (3.5340.06+0.03) x 1074,
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BR(mr e v) = (3.524+ 0.0540.03) x 1074, and BRev) = (7.054 0.08+ 0.05) x 1074, The
value of the combined BR for both charge states is in goodeageat both with the previous
KLOE value, and with the KLOE (see below) and KTeV [13] valtesBR(K_ — rrev), assuming
AS= AQ and using the KLOE average value fpr(theK, lifetime) discussed belowAgsis found to
be(1.5+9.6+2.9) x 10-3. With the full 2.5 fo-! from all running, KLOE expects to measuhe
with an uncertainty of-3 x 10-3, about equal to the expected value of this parameter. Meamsit

of BR(Ks — muv) is more difficult, as the similarity of theandu masses complicates TOF PID,
and background fronks — " m~ decays withrr — uv is harder to eliminate. Nevertheless, a
preliminary analysis has been performed on the 20012062 dad yields BRKs — ruv) with

a 3% statistical error.

4. K decays

The BR’s forK,_ decays torrev and rruv give access t&,s. Heretofore, these BR'’s were
known only through various measurements of the ratios oKthBR’s for dominant decays (i.e.,
decays to &° and it 1%, in addition to the above). Using thés — " decay as a tag,
KLOE has measured the absolute BR’s for all four dominantgeavith uncertainties of 0.5—
1% [14]. The analysis is based on 328 ptof 2001-2002 data. Decays ey, muv, and
- ° are reconstructed in the DC with PID from the decay kinersatiDecays to &° are
reconstructed in the EmC as TOF-localized vertices of thremore photons. The errors on the
absolute BR’s are dominated by the uncertainty on the valug ,owhich enters into the calcu-
lation of the geometrical efficiency. This source of undettacan be all but removed (at the
cost of correlating the errors among the BR measurementg)pplying the constraint that the
KL BR’s sum to unity. The sum of the four KLOE BR measurements phe PDG BR val-
ues forK, decays torr"m, m°n®, andyy is 1.0104+ 0.0076. Applying the constraint gives
BR(rev(y)) = 0.4007+ 0.0006+ 0.0014, BRuv(y)) = 0.2698+ 0.0006+0.0014, BR3m) =
0.19974 0.0005+ 0.0019, and BRr" m 1°(y)) = 0.1263+ 0.0005+ 0.0011, as well as a value
for the K| lifetime, 1. =50.724+-0.174+0.33 ns.

KLOE has also measuradg directly, using 18 K, — 37° events from 400 pb' of 2001-2002
data [15]. K. — rt - m° decays, for which the track and photon vertices can be inupely
reconstructed, provide a control sample for checking th€Eme scale, and demonstrate that the
efficiency for reconstructing a vertex of three or more phetis uniformly greater than 99% inside
the fiducial volume (B7A.). The result,ry =50.92+0.174+ 0.25 ns, is consistent with the value
obtained from the sum of thi€_. BR’s. These are two independent measurements; their a&erag
gives the KLOE valuer. = 50.844 0.23 ns. For comparison, the best previous measurement is
7. =5154+0.44 ns [16].

The form-factor slopes for semileptonic kaon decays arg¢h@&ndmportant input for the de-
termination ofVys. Using a sample of 328 pb of 2001-2002 data, KLOE has obtained the dis-
tribution int = (px — pr)2/m2. for 2 x 1P K. — mev decays. The data are divided into sub-
samples by run period and lepton charge, andtthistributions are fit with the forms.(t) =
fL(0)[1+A,t] and f. (0)[1+ ALt +A/t?/2]. The linear fit givest; = (286+0.5+0.8) x 103
with x2/Ngot = 330/363, while the quadratic fit gived, = (255+1.5+1.9) x 103 andA” =
(1.4+0.7£0.7) x 10~3, with correlation coefficienp(A/.,A”) = —0.95 andx?/Ngof = 325/362.
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These results are preliminary. The additional statistiosnf2004—2005 running should help in
gauging the significance of the quadratic term, as well as thiz measurement of the form-factor
slopes forK, — muv decays.

5. Conclusions

The KLOE 2001-2002 data have yielded measurements of the BRtheK decay of the
Ks, theKe andK ;3 decays of thé<, , and theK,_ lifetime. As described elsewhere in these proceed-
ings [17], these results, together with preliminary measwents of the BR’s for the semileptonic
decays of charged kaons, lead to the determinagtigyf, (0)| = 0.21704 0.0005, with an uncer-
tainty of just 0.25%. KLOE has also used the 2001-2002 datzbtain the first measurement
of the semileptonic asymmet#dys and the most stringent limit on BRs — 37°). In addition to
statistical improvements on the above results, the data #04—2005 will allow new results on
the BR’s forKs decays tatuv and ™ i 1, the form-factor slopes fdfez and K3 decays of the
KL, and the first studies of th€sK_ system via interference in the relative decay-time speattru
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