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ABSTRACT 

In 1997, E787 at Brookhaven National Laboratory (BNL) reported evi- 
dence for the rare decay K+ + r+uV based on the observation of one 
event in the 1995 data set. The current status of this measurement is de- 
scribed. 
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Fig. 1. Charged-particle momentum spectrum in the Kf rest frame for the major 
K+ decay modes and for Kf -+ rr+vij. 

degrader and stopping it in a finely segmented, fully active, scintillating-fiber target. 
This drives the geometry of the detector, which is cylindrical with endcaps covering the 
polar regions, much like a colliding-beam detector. Since vetoing of extra energy in the 
event is a key to the detection strategy, the detector is almost fully active. 

The fiducial volume is defined by the Range Stack (RS) scintillators in the barrel 
region, covering about 50% of the solid angle. The pions from K+ decay are stopped 
in the RS scintillator. This allows redundant measurements of track kinematics, namely 
kinetic energy and range. It also allows for a powerful technique for T/P separation, 
which requires the positive identification of the rrf -+ pf + e+ decay sequence. 
This is achieved with flash-ADC-based 500-MHz transient digitizers (TD)” which 
digitize the phototube outputs. In addition, dE/dx separation of T from ~1 can be uti- 
lized. Further kinematic rejection is achieved with a momentum measurement in a 1 T 
solenoidal field, using a low-mass drift chamber13 with a resolution AP/P N 0.9% at 
P = 205 MeV/c. Efficient rejection of modes with photons is achieved with nearly 47~ 
photon veto coverage, typically about 15 radiation lengths thick, employing a variety of 
technologies: lead-scintillator sandwich in the barrel region (BV), undoped CsI in the 
endcaps (EC),14 lead-glass, lead-scintillator sandwich, and “Shashlik”-type detectors in 
the beam region. Signals are digitized with 500-MHz CCD transient digitizers15 based 

on Ga-As technology. Photon veto time windows are typically a few ns, with energy 
thresholds ranging from 0.2 to about 3 MeV For the incoming beam, K/T separation 
is achieved with a Cherenkov counter with a lucite radiator. Finely segmented tracking 
and good timing of the beam is achieved with MWPC’s (1.27 mm wire spacing), scin- 
tillator hodoscopes and a scintillating fiber kaon stopping target (5 mm square fiber), 
the latter two also digitized by CCD’s transient digitizers. 

At typical rates, we took about 5 MHz of incoming kaons. These were analyzed by 
a two-level trigger, The first level provided a rejection factor of about 800 by requiring 
a kaon stopping in the target, a decay 1.5 ns later, no photons in the BV, EC, or RS, a 
range longer than K+ + &&r-and shorter than K,,z. The second level required a 
T+ + ,u+ decay in the counter, where the charged particle stopped and no energy was 
deposited in the counter radially outward from the stopping counter; this provided a 
rejection factor of about 20. 

The DAQ1’ is Fastbus-based, with front-end readout into SLAC Scanner Processors 
(SSP). The data is transferred via the cable segment to VME processors and then to a 
Silicon Graphics (SGI) machine (model number improves with year). The data transfer 
capability is currently > 25 Mbytes/set. The deadtime, dominated by the readout of 
the front-end modules into the SSP’s, is currently about 17% per MHz of stopped kaons 
(down from 28% in 1995). 

2.2 Offline Analysis 

To elude rejection, K,,p and K,z events have to be reconstructed incorrectly in range, 
energy, and momentum. In addition, any event with a muon has to have its track 
misidentified as a pion. The most effective weapon here is the TD analysis, requir- 
ing observation of the n+ + p+ + e+ decay sequence; this provides a muon rejection 
factor of about 105. Events with photons, such as Km2 decays, are efficiently eliminated 
by the photon veto; the rejection factor for events with rr”‘s is around 106. A scattered 
beam pion can survive the analysis only by misidentification as a K+ and if the track 
is r&measured as delayed, or if the track is missed entirely by the beam counters after 
a valid K+ stopped in the target. CEX background events can survive only if the Kl 

is produced at low enough energy to remain in the target for at least 2 ns, if there is 
no visible gap between the beam track and the observed n+ track, and if the additional 
charged lepton goes unobserved. 
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3 1995 Results 

The results from the 1995 analysis have been published.4 The key points are summa- 
rized here. 

The background levels in the 1995 data were estimated with the above procedure 
to be bKpz = 0.02 f 0.02, bKxa = 0.03 f 0.02, bh,,,,, = 0.02 f 0.01, and bCEX = 
0.01 f 0.01 for a total background of b = 0.08 f 0.03 events. 

As a cross-check of the background estimates and of the shapes of the background 
distributions near the signal region, the background likelihood functions were used 
to estimate the number of events expected to appear when the cuts were relaxed in 
predetermined ways, so as to allow orders of magnitude higher levels of all background 
types. At approximately the 20 x b level, we observed two events where 1.6 f 0.6 were 
expected. At the level 150 x b, we found 15 events where 12 f 5 were expected. The 
events which were admitted by the relaxed cuts were consistent with being due to the 
known background sources. 

Figure 3(a) shows the range versus energy for the events surviving all other anal- 
ysis cuts. Only events with measured momentum in the accepted region 211 < P < 
230 MeV/c are plotted. The rectangular box indicates the signal region specified as 
range 34 < R < 40 cm of scintillator and energy 115 < E < 135 MeV. One event was 
observed in the signal region. The residual events below the signal region clustered at 
E = 108 MeV were due to KT2 decays where both photons had been missed. The 
number of these events was consistent with estimates of the photon detection ineffi- 
ciency. 

The event satisfied the tightest background likelihood criteria designed in advance 
for candidate evaluation. This put the event in a region where b’ = 0.008 f 0.005 events 
would be expected from known background sources while 55% of the final acceptance 
for K+ + r+viJ would be retained. 

The acceptance for K+ + dvD was A = 0.0016 k 0.0001(stat.) f O.O002(sys.), 

determined mainly from calibration data taken simultaneously with the physics data. 
Monte Carlo was used to obtain the acceptance factors only for solid angle, K+ -+ 

T+U.G phase space, and losses from rr+ nuclear interactions and decays in flight. Fig- 
ure 3(b) shows the simulated R versus E distribution for K+ + .~r+vD with the final 
analysis cuts applied. The acceptance was cross-checked by a parallel measurement of 
the K,z branching ratio, comparing it to the world-average value. The total exposure 
of the 1995 run was NK+ = 1.49 x 101’ kaons entering the stopping target. The result- 
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Fig. 3. (a) Range R vs energy E distribution for the K+ + rfvP data set (1995) with 
the final cuts applied. The box enclosing the signal region contains a single candidate 
event. (b) The Monte Carlo simulation of K+ --t 7r+vV with the same cuts applied. 

ing branching ratio is B(K+ + r+vD) = 4.2’::: x lo-“, assuming that the one event 
observed is from Kf + n+uP. 

The candidate event was kinematically inconsistent with a massless X0. The X2 
C.L. for consistency with the hypothesis of a massless X0 was 0.8%. The acceptance 
was AK++=+p = 0.0052 f O.O003(stat.) k O.O007(sys.). Based on no events 
observed in the region 221 < P < 230 MeV/c, we set a 90% C.L. upper limit B(K+ --f 

T+XO) < 3.0 x lo-lo for a massless X0. 

4 Post-1995 Developments 

4.1 Online Improvements 

To increase the sensitivity per hour, the basic strategy in the post-1995 running of E787 
has been to run with a lower K+ momentum and remove Be0 degrader material. This 
decreases the probability that the incoming kaon is lost in the Be0 degrader (from mul- 
tiple Coulomb scattering and interactions), reducing the accidental rate in the detector 
and increasing the fraction of kaons reaching the stopping target. Simultaneously, the 
proton flux on the kaon production target was increased to maintain the overall kaon 
flux. In addition, improvements were made to the trigger, reducing the deadtime frac- 
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K+ + pL+rroq,, and a better algorithm for finding the electron from ,u+ -+ e+ decay 
resulted in a 17% gain in acceptance for the same level of rejection as the published 
analysis. The beam background was lowered by improved cuts against kaons decaying 
in flight in the stopping target, improved use of the CCD information in the target, and 
better cuts against two kaons entering the detector closely spaced in time. The CEX 
background was lowered by the above-mentioned improvements in the target tracking 
and by a likelihood analysis utilizing information in the target and beam hodoscopes. 

In total, a preliminary assessment indicates that the overall background levels can be 
reduced by a factor of three with no loss in acceptance. This would imply a background 
level, stated as a branching ratio, of 1.1 x lo-“. 

5 Conclusion 

The E787 Collaboration has published evidence for the decay K+ + K+VV based on 
one clean event seen in the 1995 data sample. Analysis is proceeding on the 1996- 1997 
data set, which has an exposure 1.5 times larger than the 1995 data set alone. 

In the ongoing 1998 run, extrapolating the current running conditions, the exposure 
is expected to reach five times that of 1995, for a total sensitivity (1995-1998) reaching 
0.7 x 10-l’. Preliminary indications are that background levels can be held down to 
the level of 1.1 x 10-l’ with no loss in acceptance compared to the 1995 run. 

A new experiment, based largely on E787 with only modest upgrades and further 
improvement in the duty factor (and proton intensity), aims to reach a sensitivity of 
(0.07 - 0.13) x lo-l2 with two years of AGS running in the RHIC era.i7 This proposal 
(E949) was recently approved by the BNL PAC. 
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