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Measurement of K* — 7%z%* v (KY) decay using stopped positive kaons
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TheK™— 7%7%*p (Kg‘j) decay has been measured with stopped positive kaons for a data sample of 216
events. A comparison of the observed spectra with a Monte Carlo simulation determir‘régﬁ tloem factor.
The results are compatible with the* — 7" 7~ e*v data, as estimated from thkl =1/2 rule. We also
established that th&2 channel can be used to determine ther scattering lengths.
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K—mmev (Kq,) decays are the subject of continuing in- ~ The experiment was performed at the KEK 12 GeV pro-
terest for a variety of reasofid—3]. The decay form factors ton synchrotron. The experimental apparatus was bafed on
serve as constraints on the parameters of the Lagrangians i€ E246 experiment, a search for tfieviolation in K

0, + ; At
the framework of chiral perturbation theofghPT). More 7 # v decay K,3) [9,10. Besides theT-violation

: . search, spectroscopic studies for various decay modes have
importantly, they are clean sources #fw pairs at low en-

¢ hich ded th ttering lenath een successfully performgdl]. After the E246 data col-
ergy, irom which oné can deduce the scattening 1engins G tion was completed in 2000, the E470 experiment to mea-
significance for models of hadron dynamics.

sure direct photon emission in tie" — 7" 7%y (K ,,,) de-

Recently, the BNL-E865 group reported on the preciseay was carried out{12], and the K% events were
measurement of the " — 7" m~e* v (K¢, ) decay, yielding  simultaneously recorded.

the decay form factors as well as tavave, isospin zero A separated 660 Me\WK" beam was stopped in an ac-
m-7 scattering lengtrag [4]. In addition to theK/,” decay, tive target system located at the center of the spectrometer.
there are two otheK, decaysK*— 7% " v (KZ) and  TheK® events were identified by analyzing thé momen-
K.—m 7lety (K;lo) [5]. Since thes& ., decays are theo- tum with the spectrometer and detecting the four photons in
retically related to each other by simple isospin argumentshe Cs(Tl) calorimeter. Charged particles from the target
[6], comprehensive experimental studies for all channels provere momentum-analyzed using multiwire proportional
vide deep insight into the understanding I6f, physics. chambers, as well as an array of ring scintillators. €fis
Among the threK ., decays, thé(ﬁﬁ channel is the simplest were separated from s by determining the mass squared
because the decay kinematics can be described by only orf#2.p) of the charged particles from the measured time-of-
form factor in view of the identity of the twer®s in the final  flight between TOF1 and TOF2 counters. Counter TOF1 sur-
state. Thus far, only 3K events have been observed usingrounded the active target and counter TOF2 was located at
an in-flight ™ technique[7,8]. A more accurate measure- the exit of the spectrometer. The photon energy and hit po-
ment of theK®J channel was desirable as an additional inde-sition were obtained, respectively, by summing the energy

pendent check on ther-7 scattering length and thal deposits and taking the energy-weighted centroid of the crys-
=1/2 rule. tals sharing the shower.
In this paper, we present a new measuremerk 4fde- K2 decays at rest were extracted by the following proce-

cay. The experiment used a stopget beam in conjunction dure. TheK™ decay time, defined as the" signal in the
with a 12-sector iron-core superconducting spectrometer. WEOF1 counter, was required to be more than 1.4 ns later than
have been able to make a first attempt to deduceqgthe the K™ arrival time as measured by thee@nkov counter.
dependent terms of the form factor and determine#the  This reduced the fraction ™ decay in-flight contamina-
scattering length in a nearly model independent manner. tion to the level of 10° of the stoppe& *s. Events witte™
scattering on the magnet pole faces were eliminated by re-
quiring the hit position in the ring counters to be consistent
*Present address: IPNS, High Energy Accelerator Research Orgavith the charged particle track. The selection of positrons
nization (KEK), lbaraki 305-0801, Japan. required—5000<M$OF< 5000 Me\#/c?*. Events with four
"Deceased. photon clusters coming from twe%s were selected, while
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FIG. 1. K3 spectraia) cosf, (b) cosé,,,

(c) e* momentum,(d) M .o for the experimental
data (dot9 and a Monte Carlo simulation of
K% (histogram. Four and six combinations

— for cosf, and co¢,,, respectively, were

accumulated in the same figures. BcMthlJ and
Mﬁg values were also accumulated (.
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events with other photon cluster number were rejected. Phdzarlo simulation, background fractions in tl&, sample
ton conversion backgrounds in the active target system couldue to the bremsstrahlung photons and photons split into
be removed by selecting only events in which there was onenultiple clusters were obtained to be 0.02% and 0.06%, re-
charged particle hit in TOF1 as well as in the ring countersspectively. The total level of the backgrounds was thus de-
Since there are three possible combinations to form tweived to be 1.1% which was dominated B3, with acci-
% from the four photons, thda(gg events were recon- dental photons. The opening angle distributions betwesen
structed by introducing a quanti?, anld fouc;gs (0e+,) and between ezch pr?oto.ﬂjr) .for the
2_ 2 2 2 2 selecte events were compared to the simulation to con-
Q=M m M2) /UM1+(M g M2) /UM2 firm the cgérlrectness of the sirr?ulation conditions, as shown in
Figs. 1@ and Xb). No deviation off+, and @, from the
simulation at small angles was observed, supporting the cor-
whereM _o is the invariant mass of the selected péiie first ~ rect estimation of these background fractions. After these
7° has higher energyand 6.0 is the opening angle be- Selection conditions, the number of go#ds events was
tween ther®s. The superscripts MEAS and CALC stand for found to be 216. Thee® momentum and=® invariant
the measured angle and the angle calculated from the megass spectra of the selectsid; events are shown in Figs.
sured photon energies, respectively. The photon pair with th&(c),1(d).
minimum, Q2,,,, among the three combinations was adopted In general, thek, kinematics can be written as a set of
as the correct pairing. The and offset values in each term five configuration variablekl,3]: (1) s,=M?%_, the effective
are oy =12.74 MeVk?, oy =15.42 MeVk?, M,  mass squared of the dipion systeftt) s,=MZ,, the effec-
=124.5 MeVk?, M,=113.5 MeVk?, §=—0.019, ando;  tive mass squared of the dilepton systétt) 6., the angle
—0.336. The choice of Eq1) and these parameters were Made by ther® in the dipion center of mass with respect to
determined to maximize the probability for the correct pair-the kaon direction(IV) 6, the angle made by the" in the
ing using a GEANT based Monte Carlo code. Because of théilepton center of mass with respect to the kaon direction,
shower leakage from the calorimeter holes, shand offset ~ and(V) ¢, the angle between the decay planes formed by the
values differ from the ideal ones. The correct pairing prob-dipion and dilepton systems. Because of the identity of the
ability was estimated to be 96% from the simulation. two 7%, 6, and ¢ can be defined in the region of<0¢,
Since backgrounds due 6" — 7%t v (Kg) and K*  <7/2 and O0<¢<m/2. The most general form of thig,
—m%* vy (Kes,) decays with accidental photons, photonsMatrix element in terms of the hadronic vector and axial
split into multiple clusters, and bremsstrahlung photons dd/ctor current contributiong* andA* is given by[1]
not satiz%;h«ﬁ%kin;maticg, tf}rehcu;c o@trzpin<3f etﬁsentia'ltljy o M= (Ge/V2)Vui(p,) 7,(1— 760 (Pe) (VA —AR), (2)
removed these backgrounds. The fraction of the accidenta
background in the calorimeter was estimated to be 1.0% by Af=FP#+GQ*+RL%, )
changing the Cg¢Tl) TDC gate widths. Using the Monte VE=He""P?L,P,Q,, (4)

+(cosfT5 25— cosb% o — 8)% a3, (N

037101-2



BRIEF REPORTS PHYSICAL REVIEW Y0, 037101 (2004

——— . . . .
4w | * 4 a0 |- .

counts/bin
_._
counts/bin

500 1000 1500 102 -1 0.5 0 0.5 1
(a) sz Mev)2 % (b) cos D07

L
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where P=p;+p,, Q=p;—p,2, L=petp,, andpy, po, not be of use for th¢(82 decay. Instead, one can assume that

Pe, P, are the four-momenta of,, m,, €, v in units of  the s, dependence oF is described by arfBwave phase-

my , respectively. The form factor§, G, R, andH are di-  shift parametes) [1]:

mensionless functions of ;. The R term enters the decay . i 69(s

distribution multiplied bymg and is therefore negligible. In Foc(l/ﬁ)sw{ﬁg(sw)]e o), ©)

general SandP waves in the dipion system were consideredwhere ,3:(1—4”1727/577)1/2 and thes, dependence of the

to contribute to theK, decays[4]. However, odd angular phase shift is given by the Chew-Mandelstam effective-range

momentasr-7 states cannot be present in tK@) channel  formula[14]:

due to symmetry arguments. Therefore, only a contribution _ 0

from the)é-wave)::on?ponent is possible and étlhe decay kine- cotg="1/(Bag) + (2/m)In[\s,/(2m,)(1+B)]. (V)

matics are described only by ttieform factor[6]. Here, a  To determine thea] value, thisF form factor was used to

parametrizatiof13] generate th&2) events in the simulation. Since tHé/f,
andf”/f, parameters are numerically determined fragrby

F=fo+f'q*+f"q* (5 fitting Eq. (6) to Eq. (5), it is possible to check the consis-

tency of the theories by comparing the results of the

is employed, wherey? is the momentum transfer squared (f'/fq, f"/fo) anda$ analyses.

g?=s,/(4m2)—1 to the lepton current. The observed) The f'/f, and f"/f, values were determined from the
spectra sﬂ_,cosgwowoy 0., ¢) which are sensitive to thﬁgg density distribution of the two observables, and 0 ,0.0.
form factor are shown in Fig. 2. The experimental distributiop(s,,,6,0,0) was fitted to a
The f'/f, and f"/f, values could be extracted by fitting Simulation spectrum witti’/f, andf"/f, being free param-
the observed spectra to the Monte Carlo simulation. Thé&ters. They were obtained to big/fo=—0.45"3Z3 and

simulation data were generated according to Pais andl’/fo=0.32'3:{3. The reduceg(® was 0.91. Figure 3 shows

Treiman[2] and analyzed in the same manner as the experithe x? contour plot in the {'/f,, "/f,) space. The histo-
mental sample. The simulation spectra were then obtained @gams in Fig. 2 shows the simulation spectra with the best fit
a function of the form factor by reweighting the recon- parameters, which are in good agreement with
structed simulation events using the generated Monte Carlthe experimental data. Using these form factors for
kinematic variables. A program based on MINUIT mini- the acceptance calculation, we obtainEdK2%)=[(3.56
mized x* and estimated the error of the parameters. Ther0.26(stat.) 55X syst.)]x 10* s~ by normalizing it to the
reproducibility of the experimental conditions in the simula- theoretical value of internal bremsstrahlung in g, de-
tion was carefully checked usirt,, andK ;3 decays. cay[15]. The large systematic error from the uncertainty of
In the case of th& .,  decay, ther- scattering length the form factors(i.e., uncertainty of the* momentum dis-
can be determined from the phase-shift difference betweetibution) was due to the fact that our experiment covered a
the Sand P waves[4]. However, a similar procedure would very narrow region of phase space and the error of the de-

037101-3



BRIEF REPORTS PHYSICAL REVIEW Y0, 037101 (2004

2 [T I I T T T —0.11" 533 for §"/f;=0 and —0.10 (K2,  resuly, respec-

sb oA E tively, which also overlaps with th&Z,” result within the
“F \ ] error[4]. TheAl =1/2 rule also predicts a simple relation for

1B = the decay widthsI'(K29)=1/2I'(K 2, ) — 1/4T" (K./) [6].

. - . The world averages for th¢_,  and Kg4° channelg 16] give

<05 ] I'(K%)=(1.40+0.04)x 10° s~. Using theK,” form fac-

- 0 ; é tor [4] for the acceptance calculation of the present experi-
g ] ment to reduce the systematic error, we deduE¢d s
05F =~ =[1.85+0.13(stat.)- 0.24(syst.}x 10° s 1. The average of
1 i il ‘ | & the previousk % experiments, under the assumption of con-

1

2 15 4 05 0 05 stant form factor, is quoted ad'(K%)=(1.70+0.32)
£/1, X 10° s1 [16]. While these numbers are all consistent with
: 00
FIG. 3. x2 contour plot in the {'/fo,f"/f,) space. Contour €ach other, the large systematic error of fheK,) value
levels of 1-, 2-, and & constraints are drawn. The!,” experimen-  determined in the present experiment precludes a meaningful
tal result by the BNL-E865 group is also plotted. comparison with other results. Further measurements will be

—_— essential before we can draw firm conclusions on Ate
tector acceptance became large. As shown in Fig. 2, the ex

erimentald,, and ¢ distributions were well accounted for —3/2 contributions.
P oo . In conclusion, we have performed a new measurement of
by the simulations without an{p-wave component. Thus,

+ 0, 0.+ 00 :
the data are compatible with &wave only description. The ©N€ Of the Key channels K™ —aare” v (Kgy) using
reducedy? was 0.92 ford,. and 1.19 foré. This feature also stopped positive kaons. The data sample of 216 events is,
supports the previous;,” measurement in which the while a factor of six improvement over the world data set,
e

D-wave contribution was assumed to be negligiafe still very limited. The detector response and acceptance func-
Then, using Eq(6) as theF form factor theag value tions were evaluated by the Monte Carlo simulation. The

which gave the best fit to the experimentd(s..,cosé.0_0) backgrounds due tK.; andKg3, decays were estimated to
byt : _ A an be 1.1%. Thé form factor of thek % decay was determined
distribution was determined to kz=0.45+ 0.43 in units of - eq dECAY .
m,. The reducedy? was 0.91. While the large error pre- by fitting the observe@(s,,,0,0,0) distribution to the simu-
cludes a meaningful comparison with results from otheration. A first attempt to deduce ttewave - scattering
channels, a well designed experiment at the future high inlength from thep(s,,6,0,0) distribution was made. The
tensity facilities such as J-PARC will be able to make a sig-good reproducibility of the experimentél. and¢ spectra by
nificant contribution to the determination of tla§ param- the simulation indicates that the data are compatible with an

eter. Thef'/f, and f"/f, parameters were determined from Swave only description. These results are consistent with
this aJ value to be f'/fo=-0.30"32 and f"/f, the previousK”—m"m e’ v measurement within errors.

=0.12"318 which are in agreement withoiﬁé (o, f"1f,) By this measurement, despite the limited statistics, we estab-
I U A 0 0 lished . . 00
fitting. ished the physics potential of th€,, channel.

The Al =1/2 rule predicts that thg® dependence oK g This work has been supported in Japan by a Grant-in-Aid
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