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ABSTRACT

Results from AGS experiment 845 are reviewed. The data was collected dur-ing 1989. Final results on ir°e+e~ and e+e~-y are described. Preliminary
results on e+e~-yj and e+e~e+e~ are discussed.

E845 is an experiment conducted at the Brookhaven National Lab Alter-
nating Gradient Synchrotron to search for the rare decay K\ —* 7r°e+e~. This
decay proceeds via a strangeness changing neutral current. It is suppressed
in the Standard Model by the GIM mechanism and by CP invariance. The
expected branching ratio from a Standard Model calculation1 is about 10~n .
Many nonstandard models2 of CP invariance violation allow this decay mode
at substantially higher rates. The experiment is also sensitive to the rare but
allowed decay modes K°r —> e+e~7 and /<"£ —• e+e~e+e~.

E845 was approved during 1988 and subsequently took data during 1989.
The results of previous searches3 for the above decay modes as listed in the 1988
Review of Particle Properties were:
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Seven hundred 6250bpi magnetic tapes were written in about one thousand hours
of data taking. The sensitivity of the previous experiments was equivalent to
about three E845 tapes.

The detector has been described previously.4 Briefly, charged particles were
detected by sets of drift chambers upstream and downstream of a spectrometer
magnet with a PT kick of 114 MeV/c. Electrons were identified by a nominally
two meter long atmospheric pressure hydrogen Cerenkov counter centered in the
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magnet. Photons were detected in a 240 element lead glass array. The fiducial
region of the lead glass array measured lm x lm with a 13cm x 38cm hole for
the beam. The sensitive region of the drift chambers was lm x lm. They were
sensitive in the beam region in order to reject extra particles. There were also
scintillation counters downstream of three radiation lengths of lead outside the
acceptance to veto extra particles.

The search for the decay mode K°L —> 7r°e+e~ has been described previously.4

Briefly, an e+e~ pair was required to be in-time with two photons. The e+e~
effective mass was required to be greater than the 145 MeV/c", eliminating
backgrounds from A'X2 decays with a TT° DalitZ decay. All four particles were
required to have an energy in excess of 500 MeV. If the two photon effective
mass was within 33 MeV/c2 (3<r) of the ir° mass, the energies of the photons
were adjusted so the effective mass was equal to the 7r° mass. The recon-
structed kaon momentum vector was then required to point back to the target
within 3cr (82

K < \2mrad2). The resulting 7r°e+e~ effective mass distribution
is shown in Fig. 1. There are four events within three standard deviations of
the K mass. However, in all four events, one of the photons is clearly due to
bremsstrahlung. Those events which have the electron-photon opening angle
greater than 6.7mrad (about three times the standard deviation of the measure-
ment error) are shaded. There are then no events consistent with the K mass.
This "bremsstrahlung cut" reduces the acceptance for 7r°e+e~ by only 0.8%.
The final E845 90% confidence level limit4 is BR(K°L -» 7T°e+e-) < 5.5 x 10"9.
This is in agreement with the recent limit6 from the FNAL E731 experiment:

° 9
BR(K°L 7.5 x 10~9.
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Fig. 1. Distribution of 7r°e+e~ effective mass (MeV/c2). Shaded
events have 8ei > G.lmrad. The A' mass with three standard
deviation bounds is also shown.

The dominant backgrounds for this decay mode were expected to be A'*3
decays with two -° Dalitz decays and Kci decays with accidental photons and



the pion misidentified as an electron . We had apparently discovered another
background: A'° -» e+e~7 with a bremsstrahlung photon. In fact, if the two
photons are not constrained to the TT° mass, the event just above the 3<r mass
cut moves to within one standard deviation of the K mass!
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Fig. 2. 77e+e~ effective mass plot
with (shaded) and without (line) the
"bremsstrahlung" cut.

Fig. 3. 77e+e effective mass plot
for events consistent with (line) and
inconsistent with (shaded) pointing
back to the target.

A study5 of this decay mode guided by Monte Carlo simulations was per-
formed. Both internal and external radiation from the 1.5% radiation length of
material before the spectrometer magnet were considered. The "bremsstrahlung
cut" eliminates > 99% of the external bremsstrahlung, but only about 34%
of the internal bremsstrahlung. In order to further study the decay mode
/V'O _> e+e~77 . the requirement on the effective mass of the photons was
eliminated and the requirement on the e+e~ effective mass was reduced to 100
MeV/c2. The resulting e+e~77 effective mass plot is shown in Fig. 2 with
(shaded) and without (line) the "bremsstrahlung" cut. There is a clear peak
at the A' mass. The background is due primarily to KKz decays with one or
two TT° Dalitz decays which reconstruct below the K mass since all the de-
cay products are not observed and Kez decays with accidental photons which
have an approximately flat distribution in mass over the region of interest. The
••bremsstrahlung" cut reduces the peak at the A' mass by about a factor of two.
as expected. The background is not significantly affected, also as expected. Ef-
fectively all the A'? — e+e~77 events should satisfy 62

K < I2mrad2. The back-
ground events have a very broad distribution in this variable due to the missing
particles. We show in Fig. 3 the effective mass distribution of events which pass



the "bremsstrahlung" cut with 62
K < \2mrad2 (line) and 12 < Q\ < 24mrad2

(shaded). The latter distribution has been scaled (by 1.22) to have the same
area in the mass range 320 MeV/c2 < m ( e + e - 7 7 ) < 450 MeV/c2. There are 30
events within 46 MeV/c2 (3<r) of -he K mass which are consistent with pointing
back to the target, and only 10 x 1.22 = 12.2 events which do not point back
to the target. The probability of observing 30 events when 12.2 are expected is
less than 1%. The number of KQ

L —> e+e~77 events is 17.8
The background events can be effectively rejected by further cuts. The

following kinematic requirements5 were made:

145MeV/c2 < m (e+e~) < 320 MeV/c2

E* > 165 MeV

Finally, the maximum width of lead glass clusters was reduced from 5.7cm to
4.7cm, the maximum number of drift chamber hits was reduced from 140 to
100, and events with more than two extra trigger counters were rejected. The
final effective mass plot is shown in Fig. 4. Five events remain within 3<r of the
K mass with negligible background. Seven events are expected based on the
signal of 17.8 background subtracted events and Monte Carlo studies of the loss
of acceptance due to the additional event requirements. The preliminary result
is BR(K°L -* e + e - 7 7 ) = (5.0 ± 2.3) x 10~7. This result is in agreement with
the QED calculation5 (using our measurements of the process KQ

L —» e+e~ 7)
BR{KQ

L -> e + e - 7 7 ) = 5.8 x 10"7. The infrared cutoff for both branching ratios
is E* > 5 MeV.
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Fig. 4. Histogram of m.(e+e 7 7 ) for data and Monte Carlo
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Fig. 5 Event scatter plot of the square of the target reconstruc-
tion angle vs the e+e~e+e~ effective mass. The three standard
deviation measurement error region is also shown.

About one thousand K\ e+e~j events were measured (about one per
hour of data collection). The world sample of previously measured A"£ Dalitz
decays was only four events. The results of measurement of the branching ratio
and form factor7 for this decay are:

BR (K°L e+e 7 ) = (9.1 ± 0.4±J;S) x 10+ e - - 6

— n ocn+0.099
K' = - U -^ U _o.O9O

This measurement represents the first observation of a weak nonleptonic vector-
vector interaction.8 Our result is in good agreement with the recent NA31 result9

on this decay mode.
Finally, we report the preliminary results of a search for the double Dalitz

decay of the A'£. The analysis required four independent tracks which satisfy
the electron identification criteria4 and meet at a common vertex. A scatter
plot ol ?n(e+e~e+e~) vs &\ is shown in Fig. 5. The three standard deviation
measurement error region is also indicated. There are six events with very little
background. The background from external conversion to an c+e~ pair so as
to give two independent tracks is calculated to be less than one event. Our
preliminary analysis indicates

DR{I<1 = ( 5 ± 2 (stat) ± 3 [syst)) x 10



Further analysis should result in a reduced systematic error. This result is
in agreement with the Kroll Wada QED prediction BR{K°L —> e+e~e+e~) =
3.6 x 10~8 and the recent NA31 observation10 of two such events: BR(K^ ->
e V e V ) = ( 4 ± 3 ) x l O - 8 .
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