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Search for the rare decayK*— =ty
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We have performed a search for the angular-momentum forbidden #€&caym* y with the E787 detector
at BNL. No events were observed in the" kinematic region around 227 MeW/ An upper limit on the
branching ratio for the decay is determined to bex3l6~ 7 at 90% confidence level.
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I. INTRODUCTION tal upper limit of 4x10°® at 90% confidence levelC.L.)
[5].
N L No theory of physics beyond the standard model, if it is
We report on a search for the deddy — " y. Thisisa  pased on point-particle quantum field theory, alloWs
spin 0—0 transition with a real photon and is thus forbidden _, *, decay. Current interest in this decay stems from
by angular momentum conservatiph]. This decay is also speculation that an experimental signature of exotic physics,
forbidden on gauge invariance grour[@. Historically, the  such as a vacuum expectation value of a new vector [fg|d
absence ofK"— 7"y relative to theK™ —x"#° decay nonlocal superstring effec{g], or departures from Lorentz
(K ») led Dalitz to determine the kaon spin to be zero ratherinvariance[8], could appear in this decay mode. No specific
than two or greatelr3]. In 1969, a model of strange particles theoretical prediction or bound on the branching ratio has yet
and weak decays predicted this decay at a branching ratio dfeen given.
210" *[4]; the model was later ruled out by an experimen-  In previous experimentg5,9] no candidate events were
detected. The most recent upper limit of .40 ° at 90%
C.L. [9] was established in 1982.

*Now at KEK, Oho, Tsukuba, Ibaraki 305-0801, Japan. The_new search reportgd here u§ed the E787 deteidipr
*Now at SLAC, Menlo Park, CA 94025. (see Fig. 1 at the Alternatmg Gradient Synchrot_roiAGS)
*Now at Thomas Jefferson National Accelerator Facility, Newport®f Brookhaven National Laborator{BNL). E787 is a rare
News, VA 23606. kaon-decay experiment studyirg™ — 7+ vv [11] and re-
SAlso at Graduate School of Science, The University of Tokyo,lated decay$12], using kaon decays at regt" — 7 yisa
Tokyo 113-0033, Japan. two-body decay with a 227-Me¥/w" track and a
Now at Department of Physics, Osaka University, Osaka 560227-MeV photon emitted directly opposite to it. It is as-
0043, Japan. sumed that energy-momentum is conserved or that its viola-
TDeceased. tion due to exotic physics is tiny and undetectable in this
** Now at Department of Physics and Astronomy, University of decay mode.
Victoria, Victoria, BC, Canada V8W 3P6. The main background sourcekKs,, decay with a branch-
"Now at Japan Atomic Energy Research Institute, Sayo, Hyogdng ratio of 0.2116 [13] and a w© momentum of
679-5198, Japan. 205 MeV/c. The higher energy photon=125 MeV) from
*Also at Department of Physics and Astronomy, State Universitythe 7°— yy decay inK ,, tends to be emitted opposite the
of New York at Stony Brook, Stony Brook, NY 11794-3800. «* track. K, background events can survive if the"
55Now at BNL, Upton, NY 11973. momentum is mismeasured to be too large and at the same
"Now at the National Defense Academy of Japan, Yokosukatime the lower energy photon from the® (or the electron-
Kanagawa 239-8686, Japan. positron pair from them®— ye*e™ decay is undetected.
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Barrel ing precise time and energy information for reconstructing
cal. the 7+ track, the TDs enabled us to observe the

Range — u" v decay at rest in the RS stopping counter. Two layers
S‘““% of straw-tube tracking chambers were embedded in between
RSSC

=

the 10th and 11th RS layers and between the 14th and 15th
7 b
K*Beam-m= ﬂi\?[ﬂﬂflﬂzll? TT;rg; - %a;lr[el

RS layers, respectively.
A hermetic calorimeter system, designed primarily to de-
@ ¢ ' Chamber \, ™I RSSC tect photons fronK ,, and other decays in th¢"— 7" vv
Degrader Drift Chamber Range Stack  Target study, surrounded the central region. The cylindrical barrel
FIG. 1. Schematic sideviews) and endview(b) showing the (BL) calorimeter covering about two thirds of the solid
upper half of the E787 detector: Cerenkov counter; B4: energy- angle, and located immediately outside the RS, was used to
loss counter; | and T: trigger scintillation countdtscounters and ~ Se€arch for the photon from the" — 7" y decay. It consisted

T-counter; RSSC: range-stack straw-tube tracking chambers. ~ Of alternating layers of leaD.1-cm thick and plastic scin-
tillator (0.5-cm thick sheets and was segmented azimuthally

However, the redundant kinematic measurements and effinto 48 sectors whose boundaries were tilted so that the inter-
cient photon detection available in the E787 detector aréector gaps did not project back to the target. In each sector,
suited to suppress thi,., and other backgrounds to well four radial groups of 16, 18, 20 and 21 lead-scintillator lay-

below the sensitivity for the signal. ers, respectively with increasing radius, formed BL modules
totaling 14.3 radiation lengths. About 29% of the shower
Il. DETECTOR energy was deposited in the scintillators. The BL modules,

which were 190-cm in length along the beam axis, were read

The AGS delivered kaons of about 700 MeVio the  out by phototubes on the upstream and downstream ends,
experiment at a rate of (47)x 10° per 1.6-s spill. The kaon and the outputs were recorded by time-to-digital converters
beam line[14] incorporated two stages of electrostatic par-(TDCs) and ADCs. The two endcap calorimetéds?7] and
ticle separation, which reduced the pion contamination taadditional calorimeters for filling minor openings along the
25% at the entrance of the detector. Kaons were detected ah@éam direction, as well as any active parts of the detector not
identified by a @renkov counter, multi-wire proportional hit by the 7" track, were used for detecting extra particles
chambers and an energy-loss counter. After being slowed bincluding photons. The two endcap calorimeters consisted of
a BeO degrader, approximately 25% of the incident kaon443 undoped-Csl crystals, which were read out by fine-mesh
came to rest in an active stopping target located at the cent@hototubes in the 1.0-T field into 500-MHz TDs based on
of the detector. The 12-cm diameter target, which consistedharged coupled devic¢48].
of 0.5-cm square plastic-scintillating fibers, provided initial
tracking of the stopping kaon and its decay products. IIl. TRIGGER

Particles emanating from kaon decays at rest in the target
were measured in a solenoidal spectrometer with a 1.0-T The signature oK™ — 7" v in the experiment was a two-
field along the beam axis. The charged decay productbody decay of a kaon at rest with a 227-MeV# ™" track in
passed through a layer of plastic scintillation counters surthe RS and a 227-MeV photon emitted directly opposite to it
rounding the targefl-counterg and a cylindrical drift cham- and observed as a single cluster in the BL calorimeter. The
ber [15], and lost energy in an array of plastic scintillation K™ — 7" vy trigger required a kaon decay at rest, followed by
counters called the Range Sta@RS). The drift chamber a =™ track which came to rest in the RS and a shower cluster
provided tracking information for momentum determinationin the BL, and no extra particles in the BL, endcap or RS
from 12 layers of axial anode-wire cells and six layers of thincounters.
spiral-strip cathode foils with a total mass 0k30 2 radia- A kaon was identified in the trigger by a coincidence of
tion lengths. The RS provided a measurement of range ankits from the @renkov counter, energy-loss counter and tar-
kinetic energy of ther™ track which came to rest in it. The get. The timing of the outgoing piofvia the I-counterswas
radial region between 45.1 cm and 89.6 cm for the RS wasequired to be at least 1.5 nsec later than timing of the in-
segmented into 24 azimuthal sectors and 21 radial layersoming kaon (via the renkov countgr This online
totaling one radiation length. The RS counters in the firsdelayed-coincidence requirement guaranteed that the kaon
layer (T-counterg, which defined the solid angle acceptanceactually decayed at rest, and removed contributions from
for the #* track in the RS, were 0.635-cm thick and 52-cm beam pions that were scattered intg the detector and from
long; the subsequent RS counters in the second I@®8R- kaons that decayed in flight after thesi@nkov counter. A
counter$ and beyond were 1.905-cm thick and 182-cm long.single charged track was required to have a coincidence of
The RS counter in the sector and layer where #tietrack  the hits from the I-counters and from the T-counter and RS2-
came to rest was called the “stopping counter.” All the RS counter in the same RS sector. The track was also required to
counters were read out by phototubes on the upstream ammbnetrate to at least the sixth RS layer in the sector with the
downstream ends. The output pulse shapes were recorded bgincidence of T-counter and RS2-counter hits or in either of
500-MHz sampling transient digitizedDs) [16], each of the next two clockwise RS sectors, in order to select posi-
which was based on two interleaved 250-MHz 8-bit flashtively charged particles. Tracks reaching the outer three RS
analogue-to-digital converte(ADCs). In addition to provid- layers (from the 19th to the 21st layersvere rejected, in
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order to suppress the muons frok™—u* v and K* B. Primary cuts
+ + + ;
—p vy decays. Am" — " v decay atrestin the RS stop-  he following selection criterid“cuts” ), called the pri-

ping counter was identified online, based on the pulse Shapr?lary cuts in the analysis, were imposed on the events that
information from the TDs on the RS, by an algorithm de-\yqre successfully reconstructed.

manding either a clear double pulse or an RS pulse with an 5 stopping-layer cut accepted only events whasé
area larger than expected from its height due to the presengg,ck came to rest in the RS layers beyond the inner RS
of the 4 MeVu™ from then* decay. The events that failed tracking chamber(from the 11th to the 18th layersor
the algorithm were rejected, in order to further reduce MUORhalysis. This cut was imposed to ensure that the range mea-

tracks as well as electron tracks. The number of shower clussyrement included positions determined by the RS tracking
ters in the BL calorimeter with energy above 10 MeV was pambers.

counted online and was restricted to be one. An event was Taking into consideration the limited energy resolution

rejected if the energy observed in the endcap calorimeter wag, 4 segmentation of the BL calorimeter, the cuts imposed on
more than 20 Me\+/ or the energy in the RS sectors outsidgye energy and direction of the photon in the BL were rela-
the region of ther™ track was more than 10 Mev. _tively loose: E,=120 MeV, |¢,+,|=165° and 6,

The trigger was prescaled by 2450 for taking data simul— 1g5° A coincidence cut 2 ng between the times of the

taneously with the trigger foK " — 7" vv. This resulted ina  photon and ther* track was imposed. This cut greatly re-
total exposure of kaons entering the target available for thgluced the occurrence of photon candidates due to accidental
K*— "y search to be 6:710°. Atotal of 1.6<10° events  hits. Events in which the photon cluster in the BL showed
met the trigger requirements. Most of them were du f9.  associated activity in the neighboring RS sectors were re-
jected by a “RS preshower” cut, so that only those events
whose total photon shower energy was deposited in the BL
IV. OFFLINE ANALYSIS calorimeter were accepted.

To remove events triggered by kaon decays in flight or by
multiple beam particles into the detector, an offline delayed-
In the offline analysis, the momentunP), the range coincidence cut requiring-2 ns between the pion time and
(equivalent cm of plastic scintillatoR) and the kinetic en-  the kaon time measured in the target, and cuts on the timing

ergy (E) of the 7w track were reconstructed with the target, and energy of the hits recorded in ther€nkov counter,
drift chamber and RS information. The momentum was deproportional chambers, energy-loss counter and target were
termined by correcting the measured momentum in the driffmposed.
chamber for the energy loss suffered by thé track with A double-pulse fit to the pulse shape recorded in the RS
the observed track length in the target. The range was calcistopping counter was made offline to identify pions with
lated from the track lengths in the target and in the RS. Ther" —u ™ v decay at rest; this cut removed contamination
kinetic energy was determined by adding up the energy deffom K*—u®v, K*—u*vy, K'—=u"#% and K*
posits of therr* track in the scintillators of the target and the —e* m°v decays, as well &, decays whoser " decayed
RS, taking account of the losses in inactive materials such &8 flight before it came to rest in the RS.
wrapping and chamber components. The RS energy calibra-
tion was done for the upstream and downstream end sepa- C. mry sample and7#° sample
rately, using the energy loss in each counter of muons from ¢ following two data sets were made from the events
K*—u"v decay. The kinematic resolutionsms) were  that survived the primary cuts.
AP=2.6 MeVic, AR=1.28 cm andAE=3.8 MeV. The set of events with 258P<234 MeV/c was identi-
The timing, energy ) and direction of the photon were fied as the “ry sample.” TheK " — 7" y signal regioh was
determined from reconstruction of the hits in the BL calorim-further specified as the subset of thes sample with 35.5
eter and the kaon decay vertex position in the target.#he <R<40.0 cm and 126 E<135 MeV. These cuts ensured
track in the RS defined the event time reference, and photonfat the" momentum, range and kinetic energy were con-
from K, decay were used to calibrate the BL hit time. Thesijstent with those of ther* track from theK*— 7"y de-
energy calibration of the BL hits was performed using thecay: 227 MeVe, 38.5 cm and 127 MeV, respectively.
energy depositions from cosmic rays, and was verified by The set of events that were collected by the sdfrie
reconstructing the energy of the® in K, decay. Thez 7%y trigger and whoser™ momentum and range were
position (along the beam axiof the BL hits was measured rather consistent  with K., decay (197.5P
with TDC and ADC information from phototubes on both <2125 MeVkt and 27.6cR<35.0 cm) was identified as
ends of the BL modules, and was used in conjunction withhe “;70° sample.” This sample was rich it _, back-
target information to determine the polar angle of the photon.
The energy resolution of the BL calorimeter wAg€ ,/E,
:6%/\/E_y (E, in GeV). The resolutions of azimuthal and  iThis signal region is the same as that for the searchkfér
polar opening angles between the photon andsthetrack,  _, 7+x° decay in[11], whereX? is a neutral weakly interacting
¢+, and 0.+, were determined to bA¢,+,=2.2° and  massless particlel9] and thew™ momentum, 227 Me\d, is iden-
A6,+,=3.9°, respectively. tical to the momentum foK™ — 7" y.

A. Event reconstruction
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FIG. 2. (a) z discrepancy distribution of the BL clusters in the

subset of ther7® sample with all photon veto cuts imposét) z 1 |...‘\‘...H,FH\HH.‘ iz E
discrepancy distribution of the BL clusters when the other photon 100 110 120 130 140 100 110 120 130 140
from the 7° decay inK_, was detected outside of the cluster. E (MeV) E (MeV)
Events above the arrow in each distribution corresponded to mul-

tiple photon hits and were rejected by the cut at 75 cm. FIG. 3. (a) Kinetic energy distribution of ther#® sample. The

unhatched and hatched histograms represent the distributions before
ground, and was used for evaluating the rejections of cuts iand after the photon veto cuts are imposed, respectively. The region

the background studies. between the arrows indicates tie,, region.(b) Range versus ki-
netic energy plot of the events in the subset of the sample
V. BACKGROUND STUDIES tagged by the inverted photon veto cuts. The box indicates the

K*—=z"vy signal region.dE/dx cuts were imposed on both the
After the primary cuts were imposed, the remaining back-wm® sample in(a) and thery sample in(b) in advance.
ground events were mostly fror{ ., decay. This back-

ground was du%to the disappearance of the softer of the tWoysjtions along the beam axis. The coincidence cut between
photons from#~, either through inefficiency due to very

: : , the times of the photon and the" track, already imposed as
narrow gaps between counters, inactive material,(&pto-

ton detection ineffici v th h | th th a primary cut, reduced the number of events with two pho-
on detec |on“ Inetticiencyy” or r,oug overiap wi € tons in the same BL module, because the mean of the arrival
charged track“overlapping photon’). Both types were stud-

ied from the data by establishing two independent sets O?tn:esmof rgze sfc 'tﬂt'"gtl'_orn I'dghlt 6\‘:, theiur;?;itrei? an?lid:)twhn—n
offline cuts for each type; one set consisted of the cuts on th eam enas ot the odule was significantly eariier tha
7" momentum, range and kinetic energy, and the other s at of a single photon hit. Furthermore, the BL hits in the

consisted of “photon veto cuts(for photon detection ineffi- Cluster were examined and the maximum discrepancy among
ciency or “dE/dx cuts” (for overlapping photon as ex- the z-position measurements obtained from TDC and ADC

plained in the next subsections. In these studies we selecté'&iformat'o.n was determined. F|gure§25hows the d'scre%‘
events in ther® sample or inverted at least one of these2"®Y distribution of the BL clusters in the subset of the

cuts on the events in they sample, in order to enhance the sample that survived all photon veto cuts. Comparing this to
background collected by?ﬁé*—?w*)f trigger as well as to Fig. 2(b), which shows the discrepancy distribution of the

prevent candidate events from being examined before thgl‘ clusters when the other photon from thé decay inK

background studies were completed. In order to avoid conas detected outside of the cluster, the events with a large

tamination from other background sources, all the Off”nedlscrepan(;y |n.F|g.(Z1) clearly represel?t the case"when two
otons hit adjacent BL modules. A “BL cluster” cut was

cuts except for those being established were imposed on t . . -
data2 erefore employed to reject an event if the discrepancy was

more than 75 cm.

To evaluate the background rejection of the offline photon
veto cuts including the BL cluster cut, the subset of the°

In the offline analysis, photon shower activity was identi- sample whoser™ kinetic energy was also consistent with
fied in the various subsystems, including the BL calorimetelK ., decay (9%E<117 MeV) was examined. By imposing
and the RS, as hits in the counters in coincidence with théhe photon veto cuts on this subset, the background rejection
7" track within a few ns and with energy above a low of these cuts was measured to be 13.8 as shown in F&g. 3
threshold (typically ~1 MeV). Events with extra activity Then, in the subset of they sample that failed at least one
not associated with the* and the candidate signal photon of the offline photon veto cuts, the kinematic distributions of
were rejected by the offline photon veto cut of each subK,, background eventsvas studied. Ther* range versus
system. kinetic energy plot of these events is shown in Figo)3

If two photons from an® hit the same or adjacent BL there are no events in th€* — 7" y signal region, and 287
modules, they form a single high-energy BL cluster oppositeevents are consistent witk ,, decay in range and kinetic
thes* track and can mimi& " — " y decay. In such cases, energy. This indicates that there are no mismeasured tracks
due to the kinematics ok ., and subsequent®— yy de- in or around the signal region, and a further background
cays, the two photons must hit the modules at different reduction by 13.8 is expected, assuming thé range and

kinetic-energy cuts and the photon veto cuts are independent.

A. Photon detection inefficiency

2For example, in the study of the photon detection inefficiency,
dE/dx cuts were imposed on both then® sample and thery 3The 7y sample was made by choosing the events that survived
sample in advance. the 7+ momentum cut 218 P<234 MeV/c.
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In estimating the background level &, in a specific 3 | @ | E#F ®)
7" region in range and kinetic energy, the number of events% 102k 342 3
in the re?ion in Fig. &) was divided by the rejectiofi3.9 F
minus 17 The number of events in the signal region in Fig. i
3(b) was taken to be<2.44 events at 90% C.L[.13,2Q 0k JULWH b

nt

e 38 F
w ' o

instead of zero. The background levelskof, in the signal

region and in th& , region were therefore estimated to be 30 £

<0.19 events at 90% C.L. and 22:4.3 events, respec- 1 1.1 w3

H O 0 g 0y L1 1 ol v bv v by buan

tlveIY' . i i 1(1)0 1%0 120 1_150 140 100 110 120 130 140
Figure 3b) indicates that no correlation between thé E (MeV) E (MeV)

range and kinetic energy is visible in th&,, background

events at the current SenSitiVity of the search. If we further FIG. 4. (a) Kinetic energy distribution of ther° sample. The
added the assumption that the’ range and kinetic energy unhatched and hatched histograms represent the distributions before
measurements were indeed not correlated, the backgrour@d after thed E/dx cuts are imposed, respectively. The region be-
level of K, in the signal region was estimated to be tween the arrows indicates the signal region kof —=*y. (b)

<0.0007 events at 90% C1. Range versus kinetic energy plot of the events in the subset of the
my sample tagged by the invertetE/dx cuts. The box indicates
B. Overlapping photon the K*—a*y signal region. Photon veto cuts were imposed on

o : . i
The above background study could possibly be Con_both thewr7® sample in(a) and thewy sample in(b) in advance.

founded byK ., events in which the shower of the lower

energy photon from ther® overlapped some of the counters X 10. on thﬁ branching ;qﬂo ha_s bglen_zstgbllsk[.ﬂéﬂ (as-
hit by then* track. The reconstructed kinetic energy of suchSUMing a phase-space kinematic distributionaking into

tracks could be incorrectly measured due to additional en@ccount further suppression by the trigger reciuwenlents, of-
ergy deposited in the scintillators by the overlapping photonfline photon veto cuts andE/dx cuts to theK™ — 7" yy

A set ofdE/dx cuts, which checked the consistency betweerflecay, its contribution to thi ™ — " y search is negligible
the measured energy and range in each of the RS countef, the current sensitivity.

was therefore employed to reject this type of background.

Events with a RS counter in which the measured energy was VI. RESULT

larger than expected from the reconstructed range in that
counter were rejected by thiEE/dx cuts.

To evaluate the background rejection of #he/dx cuts, Figure 5 shows ther ™ range versus kinetic energy plot of
we selected events in then° sample whoser* kinetic  the events that survived all analysis cuts. No events were
energy was larger than that frok,, decay and was in the observed in the signal region. The group of 20 events around
signal region forK ™ —m "y (120<E<135 MeV). By im-  E=108 MeV was due to th& ., background and was con-

posing thedE/dx cuts on this subset, the background rejec-gjstent with the 22.4 1.3 events expected from the estimate
tion of these cuts was measured to be 36.3 as shown in Fig¢ ihe photon detection inefficiency discussed above.

4(a). From the subset of they sample that failed at least
one of thedE/dx cuts, thewr™ range versus kinetic energy
plot is shown in Fig. 4); again no mismeasured tracks are
in or around thek* — 7%y signal region. The background  The single-event sensitivity faK* — =" y decay in this
level of K , in the signal region was estimated to &&.07  search was obtained by normalizing to the numbeKg$
events at 90% C.f.The estimate is limited by statistics. events collected by th&*—x*y trigger. For theK
events, ther™ track in the RS and the higher energy photon
C. K=zt yy decay in the BL calorimeter were reconstructed, and the offline
analysis cuts of th& ™ — 7" y search except for those sen-
sitive to the photons fromr® (the RS preshower cut, photon
veto cuts dE/dx cuts and target energy cltsere imposed.
The number of events whose" momentum, range and ki-

“The number of events should be divided by the tagging eﬁiciency?(efgg energy were consistent witk,, decay was 3.62

of the inverted photon veto cuts, and by the rejection of the A f d ined f h |
photon veto cutR. Sincee is equal to +1/R, the estimate is cceptance factors were determined from the sample gen-

equivalent to the number of events divided Ryninus 1. erated by Monte Carlo simulation and from the data samples

®The number of events that survived the range cut,<2.44  Of Kg2 decays| K" —u"v decays and scattered beam pions,
events at 90% C.L. instead of zero, was divided by the rejection ofvhich were accumulated by calibration triggers simultaneous
the 7" kinetic-energy cuftaken to be 287 from the number of
events in Fig. 8)] minus 1, and by the rejection of the photon veto
cuts (13.8) minus 1. "The sample oK _, decays for measuring acceptance factors in
5The number of events in the signal region in Figh)4 <2.44  this subsection was accumulated by a calibration trigger that re-
events at 90% C.L. instead of zero, was divided by the rejection ofmoved the requirements on the shower and visible energy in the
the dE/dx cuts (36.3) minus 1. BL, endcap and RS counters from tkg¢ — 7" y trigger.

A. Events in the signal region

B. Sensitivity

For K"— 7" yy decay in them® momentum region
greater than 215 MeV, a 90% C.L. upper limit of 5.0
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E a1 E TABLE I. Acceptance factors fokK ' — 7"y andK* — 7" 70,
S b and the samples used to determine them. “MCK,,” “ K ;"
o E and “m¢,1 mean the sample generated by Monte Carlo simulation
40 and the data samples if" — 7 7° decaysK * — u* v decays and
38 B scattered beam pions accumulated by calibration triggers, respec-
6 tively. ThedE/dx cuts, target energy cuts, offline photon veto cuts
4 B and RS preshower cut are not imposed koh— 7" 7% (*) not
3 E : imposed.
30 F -7 Acceptance factors 7ty a7 Samples
28
26 i_ | | | | wi reconstruction cuts 0.399 0400 MK,
g 7" fiducial cuts 0.830 0.694 MC
1001101200130 140 «* stop without nuclear interaction 0.477  0.586 MC
E (MeV) or decay-in-flight
FIG. 5. Range versus kinetic energy plot of the events with a”TranS|ent digitizer ¢*—un"v) cuts 0553  0.592  ycqy
analysis cuts imposed. The box indicates the signal regioi for ~dE/dx cuts 0.878 i Tscat
—aty. Target energy cuts 0.924 i K2
Other cuts on beam and target 0.606 0.606 K,
v reconstruction and fiducial cuts 0.693 0.232 MC
Online photon veto cuts tar* 7r° ni* 0.264 K2

to the collection of signal candidates. Many systematic un-_"" ) .
certainties in the measurement of the acceptance factors f(?ln“ne and offline photon veto cuts 0482 *ni. MC, K,
K*—=a"yandK,, (e.g., the fraction of kaons entering the and RS preshower iUt K
target that decayed at rest;0.72) canceled in taking the  '© the photon fromm~y

ratio of acceptances of these decay modes. The factors afgtal acceptance 0.0143 0.00357
summarized in Table I.

The acceptance factors of the" reconstruction cutéin-
cluding the online requirements in the triggend then™
kinematic fiducial cuts specifying the signal region and themust be taken into account. Since a data sample of 227-MeV
K 42 region(including the stopping-layer cutvere estimated  photons from kaon decays at rest was not available, the ac-
primarily from Monte Carlo simulation. The loss when the ceptance factor was estimated from studies that compared the
7" track underwent nuclear interaction or decayed in ﬂightperformance of these cuts on the photons in Monte Carlo

before it came to rest in the RS was estimated by comparingimyjation and on the sample Kf,, decays. The acceptance
Monte Carlo simulations with these effects turned on and Oﬁioss by the accidental hits in the detector subsystems was

The 7+ acceptance factors of the online and offline cuts
selecting thew™ — u* v decay at rest in the RS stopping
counter and of thedE/dx cuts were measured from the
sample of scattered beam pions that satisfied the fiduci
cuts. The acceptance factor of the target energy cuts w.

from ther™ tracks in th | :
measured from ther * tracks in the sample o, decays With the total acceptances fa¢™ — 7+ (0.0143) and

t d by th [ f both phot f the
agged by the conversion of Loth pnotons from for K" — 7" 70 (0.00357) in Table I, the number of surviv-

—yvy decay in the BL calorimeter, in order to avoid con- & _ )
tamination from shower energy due to photon conversion idN9 K~ events (3.6X10°) and theK, branching ratio

the target. The acceptance factors of the online and offlin0-2116), the single-event sensitivity fot " — "y was
delayed-coincidence cuts and the cuts on there@kov (1.46+0.09)x 10 7, which is four times better than the sen-
counter, proportional chambers, energy-loss counter and tagitivity achieved in[9]. The main source of the err¢6%)

get were measured from the samplekof —u " v decays; Wwas due to the systematic uncertainty in the acceptance loss
since these cuts were not related to the kinematic values @ff the 227-MeV photon fronK™— 7"y due to the online

7", these factors were assumed to be the same for both trand offline photon veto cuts and the RS preshower cut.
K*—a*y andK,, decays. In order to verify that the sensitivity foK ™ — 7"y ob-

The acceptance factors of thereconstruction and fidu- tained from the ratio td ., decay was correct, a branching
cial cuts were estimated from Monte Carlo simulation. Theratio forK ., relative to the sample & * — u* v decays was
acceptance loss of th€,, events due to the trigger require- measured and the result deviated b$% from the known
ments on the shower and visible energy in the BL, endcapatio of theK ., and K™ — x v branching ratios. We have
and RS counterg§‘online photon veto cutsy was measured conservatively assigned the shift to be an additional system-
from the sample oK ., decays. The acceptance losskof atic uncertainty in the acceptance of the" track, most
— "y due to the online and offline photon veto cuts andprobably due to the uncertainty in™ nuclear interaction.
the RS preshower cut, which could detect a part of theThe total estimated systematic uncertainty in this search is
shower from the 227-MeV photon in theé*— 7"y decay, therefore 8.5%.

n2

measured from the sample §f" — u * v decays. Acceptance
losses due to the cuts on the BL hits in the clugtiee coin-
ﬁidence cut between the times of the photon and e
Yack and the BL cluster cutvere confirmed to be negligible
q’?om the photons in the sample &f., decays.
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