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stopped kaon beam are manifold, but the most important is the near total coverage of 

K,,s decay kinematics by the detector. This enables us to carry out a measurement of 

the decay phase-space region with an opposite contribution to PT. Namely, we can per- 

form a double-ratio measurement with enhanced sensitivity to PT, while suppressing 

systematic errors drastically. Moreover, the decay phase-space includes a region with 

vanishing PT, providing us with the opportunity for a null-effect check. Other merits of 

this method, compared with in-flight decay experiments, are the small influence of a fi- 

nite beam ernittance, low backgrounds, smaller counting rates in each detector element, 

and a relatively short length of the detector. 

Figure 1 shows the cross section and end view of the setup. The Superconducting 

Toroidal Spectrometer has a large acceptance as well as a high momentum resolution 

for the analysis of charged particles from the stopped kaon decay in the central region 

of the magnet. This allows a high statistics measurement with efficient background 

rejection. Furthermore, the magnet has precise 30-degree rotational symmetry, which is 

essential in an asymmetry experiment in order to reduce a number of systematic effects. 

A positive kaon beam with a momentum of 660 MeV/c was slowed down through an 

Al+BeO degrader and stopped in an active target made of a bundle of scintillating 

fibers at the center of the magnet. The Kp3 decay was identified by detecting both 

the rr” and the /I+. The pion was detected as two-y or one-y by a calorimeter which 

comprises 768 CsI(T1) crystals surrounding the target. The muon was accepted by one 

of the 12 magnet gaps, momentum-analyzed in a 0.9 T field, and then stopped in a muon 

stopper located at the exit of the magnet gap, where the polarization measurement takes 

place. At the stopper, there was a field applied to hold the transverse component of the 

polarization, while precessing the in-plane components. 

2.2 Double-Ratio Experiment 

The PT of the stopped muon manifests itself as either a clockwise (CWJ) or counter- 

clockwise (cm) asymmetry in the polarimeter, depending on the emission angle of the 

pion relative to the beam axis. It is measured by means of the decay positron cw/ccu, 

asymmetry as 

Side view End view Ooj51pl 

G?P 1’“: pole 

Fig. 1. Cross-section view and end view of the E246 detector. 

Here, cx is the analyzing power including four factors: (i) the intrinsic asymmetry of 

113, (ii) the attenuation due to finite counter solid angle, (iii) the attenuation factor of 

Pr due to precession in the imperfect parallel field, and (iv) the effects of positron 
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Fig. 2. Schematic view of the active target and ring counter system. 

' 6000: Accept 
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Momentum (MeV/c) 

Fig. 3. Momentum spectrum of charged particles under the trigger condition of photon 

detection in the CsI(T1) and positron detection in the positron counters. The K,, peak 

is due to an accidental photon in the CsI(T1). 
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P+fb Muon holes 

/+ 
K CsI(Tl) crystals 

Fig. 5. CsI(TI) 7r” detector. There are 12 rectangular holes for the charged particles to 

enter the magnet gaps. 

Myy (MeVlc’) 

Fig. 6. Invariant mass spectrum for two-y; the dotted line is for the events with a pion 

in the forward or backward directions, and the solid line is for the events with a pion in 

the direction perpendicular to the beam. 
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Table 3. Main parameters of the muon polarimeter. 
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Fig. 8. Positron time spectra: (a) before applying veto counters, and (b) after applying 

veto counters. B/S was calculated for the signal region from 0 to 8psec. 

Stopper Counters 

Material pure Al e+ detection three fold of plastics 

Size of a plate 0.6T x 55H x 16Wcm3 Size 84" x 30WcmZ 

Number of plates 8 Segmentation three middle layers 

Spacing 0.8 cm Solid angle l47r 0.07 

Effective p 0.43 PAI Muon gate 20psec 

3.4 Analysis 

Good K,,3 events were selected by setting cuts on the (a) momentum spectrum, (b) in- 

variant mass spectrum and photon total energy (in the case of two-y), (c) single photon 

energy (in the case of one-y), (d) mass spectrum from TOF, and (e) kaon decay time 

spectrum. A kinematic cut on the opening angle between the muon and the pion was 

very useful for rejecting any I& pions remaining from the momentum cut and their 

decay-in-flight muons. Finally, the missing-mass cut was tuned to reject events from 

kaon decay-in-flight. Events were analyzed separately for the two-y and one--y cases. 

The regions of analysis, x0-forward and TO-backward, were determined to be 1 cos f&o I, 

1 cos 19~1 > 0.34 both for two-y and one-y events by maximizing the figure-of-merit 

function (cos& x Pr/ImJ) x fi; h ere, 0,, and 0, are the polar angles of the 7r” or 

one-y, respectively. The asymmetry, AT, was extracted from the ratio of cw and ccw 

positron counting, and PT was calculated as 

AT Pr=-. 
(Y(COS eT) (7) 

The analyzing power cr was deduced to be 0.198 by measuring the asymmetry from the 

in-plane polarization PN by selecting events with the TO going into the Cs(T1) barrel 

perpendicular to the beam axis. The kinematic attenuation factor (cos &) was calcu- 

lated in a Monte Carlo simulation taking into account the beam accidental background, 

which could be estimated from Kb2 events in coincidence with accidental photons. PT 
was then converted to Irn[ using an average sensitivity factor (PT/Im[) also estimated 

by a Monte Carlo calculation, 

(8) 
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5 Summary 

A transverse muon polarization in K+ -+ 7r”p+v,, would be a clear sign of T violation 

and is a sensitive probe for new physics beyond the Standard Model. The three Higgs- 

doublet model, the leptoquark model, and some supersymmetric models can give a 

sizable effect without conflicting with other experimental constraints. The KEK E246 

experiment, using a stopped kaon beam, is aiming for an eventual statistical sensitivity 

of APT at the 0.1% level. All elements of the detector system are working well and the 

level of systematic errors has been shown to be small. The current statistical accuracy 

of the analyzed data is APT = 6 x 10e3, or AImE = 0.018. Our results are consistent 

with null transverse polarization at the present time. Our experiment is scheduled to 

run further for 1600 hours to improve the statistics. 
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