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We performed a search for a light pseudoscalar par¥cie the decayK? — m°m°X, X — yy
with the E391a detector at KEK. Such a particle with a massidf 2 MeV&? was suggested
by the HyperCP experiment. We found no evidenceXand set an upper limit on the product
branching ratio fok? — m°r®X, X — yy of 2.4 x 10~ at the 90% confidence level. Upper limits
on the branching ratios in the mass regiorXofrom 1943 to 2193 MeV/c? are also presented.
The results had been published in [1].
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1. Introduction

We reported the first search of the ded¢dy— n°m°X, X — yy using the Run-Il data sample
taken by the E391a detector at KEK-PS. The parti€iwith predictedmy = 2143 MeV/c? was
suggested by HyperCP [2] to explain an observation of a very rag@batecay>™ — pu*u—.
In their observation, the dimuon invariant mass of 3 observed events felharrow mass range
within the resolution of detector. HyperCP reported this may indicate the goageded via an
intermediate stat& " — pX, X — u*u~, with aX mass of 218+ 0.5 MeV/c?.

Nearly a year later, one [3, 4] suggested a sgoldstino interpretationddfyperCP obser-
vation and predicted the particke may also show up in severt’ decays.K? — n°m°X is one
of the those predicted decays with an upper estimate of the branching rR(is® B+ n°m°X)=
1.2 x 1074, This gives us a chance to search for the light pseudoscalar paXicie,the decay
K? — mPm®X, X — yy with the E391a detector.

2. Event Reconstruction

Since the branching ratio of is highly saturated by the channél— yy, the decayK? —
mPr®X is first signatured by six photons in the final state. In kné(frdecays, the decag — 3m°
with large BRK? — 3m%)= 19.56+ 0.14% has the same signature as the detdy- mom°X,
separation of these decays was cruial in this study.

To reconstruck? — m°m®X, we first selected events with six photonlike clusters on the Csl
calorimeter without any in-time hits on other detectors. Afterwards, eveanstruction proceeded
by solving for the decay vertex, assuming tifemass and constraining the vertex to lie along the
beam axis. The fiducial decay Z-verteX,{) region was defined to be between 250 and 550 cm.
There were 45 possible combinations to select two photon pairs from 6rghtatdorm tworn®’s.

The most likely pairing was chosen by a minimggh which was calculated based on the difference
between reconstructetiy’s of the i¥’s. In theK? — m°n°X event, theX mass was the invariant
mass of the third photon paiMsg) and was reconstructed from the energy and hit positions of the
remaining two photons and g, determined from twar®’s. The event reconstruction was further
optimized by a constrained fit [5] requiring: (@) six photons to havdq?lenass, (b) two photon
pairs to have the® mass, and (c) thKE momentum vector from the target to point to the center
of energy of the photons on the calorimeter. Ttfeof the constrained fit(?,) was calculated for

all 45 combinations, and the one with the minimy, was chosen to be the correct pairing. For
successful reconstructiordse equals the® mass folk? — 3r° decays and th¥ mass () for

K? — m®n®X decays. Figure 1 showdsg of data, thek? — 3r° MC and theK? — n°rn®X MC

with a 2143 MeV/c? X mass. The signal region is defined to be 211.3 M&W Msg < 217.3
MeV/c?. Since thek? — 37° decay has threa®'s in the final stateMsg could be the invariant mass

of any one of the thre@®’s. Since only the reconstructed masses of the first and second photon
pairs are constrained, the pairing with the minimmﬁg left the worst reconstructed massrofin

the third photon pair. This explains the dip in th®peak.

3. Background Study

So far as we know, the decays frdq‘_? with six photons in the final state are relatively clean
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Figure 1. (color online) TheMsg distribution of the events with six photons in the calorigrefThe points
with error bars show the data, and the red (open) histograJW$ltheK,(_) — 31° MC normalized to the
number of data events. The shaded histogram represerts thei®i®X MC (my = 2143 MeV/c?) and
was normalized assuming tHBR (K — m°m°X, X — yy) is 12x 1074,

modes. In the large amount of the MC study, the background okfhe- °n°X decay was
mainly from theK? — 3m° decays. The MC study showed a long tailés of the K® — 3r°
events extended into thé mass region. This tail was due to the bad measurement of the photon
energy and position, and caused the wrong photon pairing combinations.

This background was suppressed by reconstructing over all photohbigations to th&? —
3r° decay and discarding the event whose distribution was consistent wik{the 3r° decay.
We applied another constrained fit, called the “full constrained fit”, byiratg the three photon
pairs to havem,o, and reconstructing each eventig$— 3m°. As shown in Fig. 2, the smaller
fitted x2,, indicated the higher probability the event from tig — 3n° decay. By discarding
events with)(fzuII < 50, the wrong pairing background events in the rediyg > 165 MeVt?
were suppressed by a facta66« 10°. The acceptance & — m°m®X (my = 2143 MeV/c? )
decays by the?, cut was estimated to be &6 based on the simulations.

4. Signal Extraction

After all selection cuts applied on data, only 2 events survived in the siggain (211.3—
217.3 MeVE?) of my = 2143 MeV/c?. To estimate the number of background events in the signal
region, we used the data events in the sideband regions (165ckeWlsg < 211.3 MeV£? and
Msg > 217.3 MeVE?). Since the signal region is near the edge of Mhg tail, the background
shape was modeled with the ARGUS function [6], which is defined as:

x \? x \2
f(x =X{/1—|— ] exp|la—a [ —
areus <Mep> P (Mep>

whereMgp is the end point of the ARGUS functior,is Msg, anda determines the curvature
of ARGUS function. For the signal MC, the reconstructed mass peak mrasyric because of




Search for a new particle X in the decay K — m®n®X Y. C. Tung

=
o
o

Events
g

\\\\\\\\\\\\3\\\\\

=
o
&

NN

0da
50 100 150 ) 200 250 300 350

X

e ‘\(\‘\‘N%\\\\\{\k{({(

full

Figure 2: (color online) Thex?,, distribution of events just before the?,, cut, explained in the text, in
the signal region ofny = 2143 MeV/c?. The red (open) histogram shows ﬂh§—> 3r® MC and shaded
histogram shows thi§? — °°X MC (mx = 214.3 MeV/c?). The cut point was set at 50.

the kinematical limit of theX mass. In this case, a double Gaussian function with different mean
values of the two composition Gaussian functions was chosen as the titplasmnsity function
(PDF) to model the signal shape from the signal MC. Afterwards, the nuailsgnal events was
extracted by the unbinned extended-likelihood method. Fig. 3 shows theingdesult of the
214.3 MeV£t? X mass. The dip in the signal region implied there is no evidencé of
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Figure 3: The modeling result of the 214.3 Med/X mass. Error bars show the data, and the solid line

which is the combination of background and signal PDF, isntloeleling result. The region between two
dashed lines is the signal mass region.

5. Results

In this study, we presented the searclof the mass region from 19to 2193 MeV/c?. For
the search oK in the mass region, the results were not stable, thus were not shownrdrtehimg
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ratio (BR) was calculated by:

BR(K? — X)) = N 5 :
AcceptanceN(K decay$

where the acceptance was the signal acceptance calculated using #levEyavents. TheK?
flux, N(Kdecay$, was estimated by ti&? — 37° mode and was cross-checked by ife— m°m°
mode. TheK? flux at 10 m from the target was determined to(he82+ 0.04) x 10! based on the
number of decays downstream of that point. In the purpose of systeh@tioacancellation, the
selection cuts, applied for théf flux estimation, are mostly the same as for the analysis, except
for the xZ,, cut, which rejected th&? — 37° events.

The study showed no evidenceXfwas found. The upper limit of branching ratio was calcu-
lated by integrating up to 90% of the area under the likelihood functiori\for 0. The results of
differentmy are summarized in Table 1.

Table 1. A summary of the signal yieldd\f), the acceptances of the signal decay (Accept.), centhaéva
of the branching ratios (B.R.), and the upper limits at thé&63®nfidence level(U.L.).

my (MeV/c?) Ns Accept. (10%) B.R. (10°8) U.L. (1077)
1943 64729 1.094+0.01 4457310 (gat.) + 8.4(syt.) 10.7
1993 3548 1.09+£0.01  2417332(stat.)+10.0(syd.) 7.9
204.3 ~0.773% 1094001 4933 (gat.)+16.3(sys.) 5.0
2093 ~15%25  1.08+001 —107'i55(dat.)+11.6(syd.) 3.5
2143 —-14750  1.08+0.01  —10075%(stat.) £5.6(syst.) 2.4
2193 -033f  1.09+0.01  -2.4'2%gat.)+1.9(syst.) 2.6

The upper limit on the branching ratio f& — n°n°X, X — yy decay depends on the
lifetime (1x) and the mass of as shown in Fig. 4. The upper limits were independent okhe
lifetime if it was shorter than 101%. The upper limit on the branching ratio fi§f — m°n°X,

X — yy (my = 2143 MeV/c?) decay was set to be®x 107 in the lifetime region of
Tx < 10-1%. The upper limits weaken by a factor of 2—3 if tKdifetime was 10°s.
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Figure 4: (color online) The 90% confidence level upper limits of the(BR— m°r°X, X — yy) for
differentX lifetimes as a function of th¥ mass.



