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ABSTRACT

A description of the detector and of preliminary results of work in
progress in its performance is presented here for an experiment
to study the decay of K+ + TT+VV.

Experiment E787 at the Brookhaven AGS was designed to study the rare

decay of the positively charged kaon into ir+\>v. The present limit on the BR

of this decay, established by previous experiments1 with the latest by Asano

et al.,2 in 1981, is 1.4 x 10~7. This strangeness changing neutral current

process is strongly suppressed3. Results of higher order calculations'* in

the Standard Model, depending upon the top quark mass and the number of v

generations, are 0(10~ 1 0). There is a span of about three orders of

magnitude between the present limit and the predictions. A result

substantially higher than the predictions, say several times 10~9, would

indicate new physics. Possibilities for this could be more quark

generations, or indications of the existence of new neutral, light and

weakly interacting particles. A result in agreement with the Standard Model

prediction would provide a theoretically clean check of the higher order

weak interaction picture, and provide constraints for further attempts

beyond the Standard Mô -cl .

As this decay is kinematical ly underconstrained and the TT+ spectrum

overlaps with other more dominant decay modes as shown in Fig. 1, it is
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FIGURE 1 +

Momentum distribution of it
for various K+ decay modes

necessary to positively identify the

w+ by all possible means and to reject

backgrounds to the highest degree

possible. To do this, we chose to

study with K+ decays at rest. To

avoid the K.^ background due to TT+

interactions, we chose to concentrate

on the kinematic region above the

K H 2 peak, which yields - 20% of

the spectrum. The *+ is measured

independently in energy, momentum and

range, and identified through its

characteristic decay chain of

TT+ •»• y+ > e + with a 4 MeV u
+. Full 4*

coverage of y detection with high

efficiency even at low energy is

needed. Higher kaon flux, larger solid angle and better background

suppression are needed to achieve a factor of about 600 in sensitivity

improvement over the previous measurement. A detector was built for this

study to probe the BR down to 2 x 10" 1 0. A schematic layout is shown in

Fig. 2 with dimensions shown in Table 1. It is axially symmetric.
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FIGURE 2
Schematic layout of the detector

The 775 MeV/c mass separated beam LESB1 from the AGS passes through a

series of beam counters and chambers with the K+ identified by a
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differential Cerenkov counter. The K+, after.pass ing through a BeO

degrader, stops inside a scintillation fiber target. The -n+ from the decay

is tracked through the central drift chamber where its momentum is measured,

comes to stop inside a stack of 15 layers of scintillation counters (Range

Stack), and decays through the chain ir+ •* u+ + e+. Two layers of chambers

are interspersed in the Range Stack to refine the range measurements.

Surrounding the Range Stack radially and on both ends of the drift chamber

is a system of lead-scintillator y detector (Barrel Veto and End Caps). The

complete detector is housed inside a 1OKG magnet with - 2 ft. of steel all

around. The detector is highly segmented in the azimuth, with the Range

Stack and the y detector systems having 24 identical azimuthal-sectors. To

reduce cracks in y detection, the Barrel Veto sector boundaries are oriented

away from the target. The light from the scintillation counter is piped

through the 2 ft. of steel to PMT's mounted outside. All Range Stack and

Barrel Veto counters are read from both ends. All counter channels are

instrumented with ADC's and TDC's.

i counter v counter There are two perhaps somewhat

\ ' unconventional aspects of the

detector. One is the finely segmented

scintillation fiber target that

/ / ^ ^ ^ v ^ C ^ w v V ^ ^ N . locates the K+ decay vertex. Figure 3

shows a schematic end view of the

/ target . The other is a system of 500

MHz transient digitizers (TO) with

fast read out developed for this

FIGURE 3 experiment. All Range Stack counters
End view of fiber target. I S _
V are coincident & anti-coincident in t h e » w r a n9 e region are instru-

counters, triangles are 6-fiber mented with this digitizer which
clusters

provides essentially a scope trace for

the ir+ •* \i+ * e+ decay with a time window of 10 ysec, 5 ysec before and 5

usec after the prompt. Thus there is a space-time map for each event.

The detector completed its first run last May. It was devoted mostly to

calibrations and establishing triggers. The trigger is arranged in three

levels of increasing complexity. The highest level is by software making

use of the energy and transient digitizer data. Data are read from both

CAMAC and FASTBUS crates. A system of special processors (SSP from SLAC)

are used in the FASTBUS crates to store data during beam spill, and to

perform final trigger decisions. A JJVAX2 computer is used to read out data



between s p i l l s . The equivalent of about one week of data taking was made

triggering on ir+vv, TT+U%~ and IT+YY modes at an intensity of - 150K K+

stops/spil l and ir/K rat io = 2.5. A total of - 1010 stopped K+ were

accumulated. Data from special triggers l ike Kv2, K 2 and i,+ scattering

were also taken for cal ibrat ion and monitoring.

,'Vi . , / .

FIGURE 4
A K , decay candidate display with details in target. ADC and TDC
information is shown respectively on the Range Stack counters and
on the target

The tracks of the K+ and the decay particle in the target are identified

by timing and energy deposition. The average measured energy per cluster is

- 25 MeV for K+ and - 1 MeV for ir+. The radial spatial resolution on

the decay vertex location is - 2 rim. An end-on view of a K y 2 candidate:

is shown in Fiy. 4 where the hit counters in the target and the Range Stack

are displayed. The K+ and the u+ portions of the clusters in the target are

separated by - 10 nsec. To avoid prompts, a 2 nsec delay was required in

the triggers. Figure 5 shows the K+ decay time distribution from a sample

of < u 2 triggers, from which a time resolution of - 1 nsec is deduced.,

The transient digitizer data were used at the trigger level to reject u's

by cutting on the extra area of the pulse from the stopping particle. A

muon rejection of ~ 7 was achieved with - 70% pion efficiency. A more

detailed analysis of pulse shape fitting is used off-line. Figure 6 shows a

typical TT+ + u"1" * e + event. The u+ pulse is extracted by a best fit to the

data with a two pulse hypothesis. The difference of the TT+ - v+ time

separation as measured at the two ends of the same counter is shown in

Fig. 7. The \i+ energy distribution is shown in Fig. ',. Accidentals can be
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FIGURE 5

K+ decay time distribution in target

further rejected by cuts on these

parameters, and by the fact that the

e + is energetic enough to penetrate

through more than one counter. The

TT+ decay time distribution is shown

in Fig. 9. Figure 10 shows the u+

decay time distribution. An overall

efficiency of ~ 70% for the e+

finding is due mainly to the time

window used.
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FIGURE 11
Total neutral energy in Y system
for KJJ-2 decays

The y detection system was not used

in the tr igger for Kv2. The total

in-time neutral energy as seen by the

system from a selected K^ sample is

shown in Fig. 11. I t agrees well with

the total w° energy expected from

Kjjj decays. The total ir° detection

inefficiency is obtained by using the

fu l l TT+VV data sample. Preliminary

study of the number of events under

the Kw2 peak after cuts yields a IT0

rejection efficiency of - 5 x 10"5 ,

Improvement is l ike ly with further

a n d K
IT2

consistent with that in the proposal

advances on event selection.

Drift chamber resolution was studied using cosmic rays, K

events. The local spatial resolution near the wire is about 150 vm. The Z

resolution is about 3mm. The total momentum resolution for a K 2 sample

at 10 KG is found to be AP/P < 2.5%.

The measurements of energy and momentum are correlated through the energy

loss in the target. Similarly, range is correlated with the energy measure-

ment of the last Range Stack counter. For a selected sample of 1522 K o
events, the IT+ range, energy and momentum distributions after target

correction, last counter correction and a consistency cut on the three

variables are shown in Fig. 12. The resolutions shown are consistent with
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FIGURE 12
Distributions of Range, Energy and Momentum of IT+ from K^ decays

the original estimates. Data are presently being analyzed and studies are

being made on various cuts and on acceptance calculations.
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DISCUSSION:

Dydak, CERN:

Li

You did not quote a result for BR(K+ + ir+vv). Can you at
least indicate whether you confirm the Asano et al., result?

We are still studying our acceptances. If there is no signal
in our present data sample, we estimate it will be in the
order of a few times 10~8.

THIS RESEARCH IS SUPPORTED IN PART BY THE U.S. DEPARTMENT OF ENERGY UNDER
CONTRACT NO. DE-AC02-76CH00016.



Table 1 Dimensions of Components

Magnet Inner Volume
Central Field
Fringe Field

2.2m(L)x2.
10 KG
< 15G at PMT's

Beam Counter

Beam Chamber

Cerenkov Counter

Beam Oegrader

Target

Drift Chamber

Bl
B2

B3S
B3
B4 (dE/dX)

3 Planes
Gas

Lucite radiator

BeO

Scintillation fiber

I Counter
V Counter

Sensitive Volume

Gas

Range

Barrel

Stack

Veto

Chambers

Gas

End Caps

DISCLAIMER

W(cm)
17.5

8x ( 2.5
4x ( 20

5
10

4x ( 2.5
4x ( 10

H(cm)
4
4
1

3.8
10
10

2.5

T(cm)
0.3
0.3 )
0.3 )
0.3
0.3
0.6 )
0.6 )

18.3cm(W)x5cm(H)
CF^/isobutane (80:20)

2.5cm(T)xl5.2cm(<j>)

45.7cm(L)xll.4cmU)

2269x(2 mm(<t,)x3.1
379 clusters;
overall 10cm face-face hexagon
6x(23.7cm(L)x0.6cm(T))
6x(i95.8cm(L)xO.5cm(T))

48.9cm(L)x81.3cm(0D)x22.9cm(ID);
256 cells in 5 layers, 1536 channels;
3.5° and 3.7° stereo layers
Ar/Ethane (50:50)

90cm(ID)xl79cm(0D)
24 <(,-sectors, 182cm(L)xl.9cm(T)
92.6cm(L)xl6.9cm(W)
108.4cm(L)xl9.5cm(W)
Ar/Isobutane (75:25)

190cm(L)xl91cm(ID)x293cm(0D);
75 layers of (lmm Pb+5mm s c i n . )
14.3 rad iat ion length

39.6cm(L)x21cm(ID)
x83.9cm(0D) (upstream)
x80.1cm(0D) (downstream)

66 layers of (lmm Pb+5mm sc in . )
12.6 radiat ion length
0.6cm(T) BBOT readout bar

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United Stales Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily stale or reflect those of the
United States Government or any agency thereof.


