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Exotic Search at the BNL E787-E949

Qutline :

e Search for the ultra-rare decay K* — 7"~ in E787,
and Prospects for the search in E949

o An apéritif talk for entertainment.



Physics of Kaon Decaye from E787

K" = n%vi observed 2000 SM Flavor dynamics
K* = nt*f liimt 2000 familon, beyond the ¢
K¥ < 7™M, H= u*u limit 1989 SM light Higgs

K* = 7ty observed 1997 ChPT

Kt = atuty observed 1997 ChPT

K" = etvutu limit 1998 ChPT

K* = utvy measured 2000 ChPT

K* = n*70% measured 2000 ChPT

K* = 7+ 70 limit 2001 SM, initial search

K* = u*nOuy ChPT, in progress

e Three_ or_four-body decays
o final states with 7+ /u* /v(7°)'s

® main mode to test the SM, and
byproducts to check the ChPT

Any anomalous/exciting bread-and-butter physi
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A search for K

117 MeY and 12 f limits af

*a w gy, 8 ppy was made detecting prons from stopped kaong in the kinetic energy region between
6 B4 x 107°% and 1.0 ¥ 107 for the branching ratio were obtained assum-

ing & phase-spuce spectrum on the pion enesgy, first limit also applies to another process K* = #* + a, where a is a light
meson with mass smaller than 100 MeV/c? and decays into ny's with lifetime less than 1079 5,

In a general treatment of rare decay modes of
kaons within the realm of the standard electro-weak
theory, Gaillard and Lee [1] discussed the process K*
~+ " ¥y and gave an estimate of order of G aor 1076
~10-7 for the branching ratio. However, the argument
appears a posteriord less reliable compared to other
wml&gﬂi—r#ﬂ,l* = a5, Kﬂ—irﬁn'mdﬁn&-
lar estimates were obtained from low-energy phenome-
nology of the pre-Weinberg - Salam era [2-5] . Different
models gave widely varying decay rates ranging from
104 to 10-8, Earlier experiments [6—9] have ruled
out some of the larger predictions. The best limit ab-
tained so far is 3.5 X 103, We report here a new limit
on the branching ratio.

The experiment was performed in conjunction with
searches for K* = u*py (heavy neutrino), K* - atop
and K¥ = 7% + axion [10] . Details of the apparatus
were already reported. Briefly, we detected a pion ac-
companied with any number of photons emitted by a
kaon. The kinetic energy of the pion was required 1o
be above that of K* = a*n9, namely 117 < T, <127
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* Now at Osaka University, Machikaneyama-cho, Toyonaka
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MeV. A partially separated beam at KEK provided ap-
proximately 34000 positive kaons per pulse at 530

MeV /e, Hall of them were stopped within a target con-
sisting of seven layers (T, —T,) of scintillation coun-
ters (16 cm wide X 10 cm long X 1 cm thick). Emitted
pions went into a range telescope and were stopped in
one of seven layers (M, —M; ) of the range counter

(100 em X 100 em X 1 em). They were identified by
observing m —+ u -+ ¢ cascade decay, although the pres-
ence of the positron was not required in the final analy-
sis. Four sets of multi-wire proportional chambers were
used 1o define the trajectory of the pion. The materials
and trigger logic were almost identical to those used

for the decay K* -+ o*vi except that the signals from
the lead-glass Cerenkov counters were in coincidence
in the search for K* -+ n*yy and that an extra matrix
logic (some combination of T;-M;) was added. The lat-
ter was introduced to reduce large backgrounds from
#* 1 1o a controllable level (1.7/pulse). Since the trig:
ger logic was activated during only the last fraction of
the beam spill which was used primarily to search for
K* = n*u, the effective number of stopped kaons per
pulse was only 440, A total of 3.8 X 108 of them were
collected altogether. As the trigger allowed presence of
a charged particle plus photons, collected events were
mainly from K* = n* 20 and K* = u*?. The decay K*
< "y was known to be negligible from the previous
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LEAD GLASS CEMENKOV COUNTERS Gi-GB

50 em

Fig. 1 Schematic drawing of the apparatus. Stopping kaons are defined by the signal KS = Ki-[!-ﬁl«KS-KT-ETpWD-ihf + Ad)
where pulse height discriminations of K7 and T;' are set high to eliminate relativistic particles. Time of flight between K1 (not
shown in the figure) and KS was also used to identily kaons. The decaying purticies are defined by Pl = P1-P2-P3-P4-MI

(PS5 ¥ 6 + P7) - WD. The triggering requirement was KS-PL-(£A; + WB)-(2Gy), where KS signal was delayed by 4 ns relative

to PL.

We looked for rare decay modes of the positive kaon,
including, K* =+ 7%o5, K* =+ 7% K* -+ 7" yy, and
K* = vy (heavy neutrino). A data analysis has been
completed and results of the first two are reported here,
while others are to be published elsewhere [12].

The separated positive kaon beam from K3 beam
line at KEK was stopped in target counters consisting
of 7 layers of plastic scintillator (T1 ~ T7, 1 em
X10em X 16 cm) {I"gf. 1). The typical flux was, 3.4
% 10* kaons per 10'? protons on the production target,
at 530 MeV/e of momentum, of which about half
stopped in the target. At this momentum the #/K ratio
was about 4. The water Cerenkov counter and the time-
of-flight method together with the dE/dX informa-
tion were used to identify kaons, We collected a total
of 1.49 X 1010 stapped kaons,

The signal we looked for was, K* = 1 + “nothing”
with the pion momentum larger than that for K*
= " 7% decay. The usable interval of the pion kinetic
energy, which should be above the 7% #° decay tail
and extends up to the kinematical end, was 116 < T,
<127 MeV, for the K¥ = " ¥ decay. The phase space
corresponding to this interval, assuming the vector type

160

interaction, was calculated to be 19%. The axion, if
emitted, would escape our lead-glass counters and the
accompanying pion would show up at the kinematical
end point (as the mass of the axion is small).

The target counters were surrounded (except at the
top) by scintillation counters to veto extra decaying
charged particles. In the lower hemisphere of the target,
9 blocks of lead-glass Cerenkov counter (G1 ~ G9,

30 em X 30 cm X 27 cm of SF-5N) were placed 1o
veto photons mainly coming from K* = n*#? decay
but also from p"{e*]w“u. The measured veto ineffi-
ciency on the n*#¥ decay was about 3 X 1074, consis-
tent with a Monte Carlo calculation assuming the lower
cut of the photon energy of about 30 MeV.

The decaying charged particles were measured in the
upper hemisphere in delayed coincidence with the kaon
stop signal. They were stopped in the decay counters
consisting of 7 layers of plastic scintillater (M1 ~ M7,
ench layer consisting of 3 counters, 33 am X 100 em
X 1 em). The analogue signals of the pion stop and
the decay in the 7 =+ g% = ¢* chain were recorded in
500 M« transient digitizers (Sony-Tektronix R7912)
together with the digital signals in TDC's and ADC's.
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stopped K* decay to 7 plus

Arbitrary Units

pa'vy (ODSS)
el

0 S0 100 150 200 250 300
Momentum (MeV/c)

KB :-DC-IC.Te2- (6;1 + 7(1) . (lgct -+ 2{](;:-?‘21,33) -L1.n-HEX
¢ - ECLO - BV - L0-z-mask = pnn(1) trigger
e - ECL0 - BV - NG2 = 1gamma trigger

kaon exposure: 6.7 x 108, triggers: 1.6 x 105
(in '96 and '97, prescaled by 2450, ~ 1 event/spill).

o 7" < u" decay in the stopping scintillator [loose TD cut]
=> negligible background from

— ' Je* track ( e*7%, p* 7%, utvy, v + accidental )
~ m" decay-in-flight.

potential background source: K* — 7+7° (K»)




K* — 7"~ decay in Monte Carlo
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K* = 7%y in MC

250
200
150

100

BV energy cluster onEC

m ¥ —cosop rdpsh eg



102

14

{8

Tl <GS ~G88 ~OBES =08 -1 0978 =095 ORI o

cosine XY-cosep rdpsh eg! cosine Z-cosop rdpsh eg!



K™ — 7"~ decay in Monte Carlo

KPT2011 SCALE 1: V6.0 e

Kt — xtz0 background in Monte Carlo
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K* — 7+7° (Ky2) background study

e Kinematics : Momentum /Energy/Rang
e 7 Veto (another photon in 7° — 77)
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Range-Energy in 7 veto rejection

218<Momentum<234MeV /c in the offline

7t kinematic tail: 0 event Rej_py = 13.8

Npg < 2.3 / 13.8 = 0.18 events (90%C.L.)



K* = 7*7°% 47 into the single BV cluster
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[Rejection] 1.25 [Acceptance loss] 0.1%



K* — m*7% low-energy v overlapping the 7* track
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Range-Energy plot after all the offline cuts:
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No event is observed in the signal region




Sensitivity [ratio-measurement]

# of K* — 7770 decays in the 1gamma triggers: 0.362M
(counting K* — m*4X, reconstructed w/o 7 veto)

e Acceptance ratio:

Arr go:
" 0.25

¢ BR(K* = 7n*7% = 0.2116

Sensitivity: 1.46 x 1077 (preliminary)
x4 better than KEK E10

e The current search is statistically limited.

e We would be “Background-free”
even with x10 better sensitivity.

e The search will be continued in E949.
(New “lgamma” trigger with the BVLiner signals)



