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In this note we wish to summarize some features of the éroposed -

- experiment as already presented in a recent discussion meeting.

" K° ~ Beam of Known Momentunm

Quasi-elastic charge-exchange on complex nuclei as a source of K°

has'béen abandoned for three reasons:

(1) Low K° yield (3 effective neutrons per Cu nucleus).

: (2) Poor momentum determination of K° from its decay products and no

constraint against backgrourd.

(3) High backgrourd produced by the beam in the charge-exchanger which
would kave to be 0.5 interaction length (for 7' ) and ¢hange of the

relative K° and K° amplitudes in the target by regeneration,

To overcome these difficulties we proposed to nake use of

' the reaction

K'p » Kpu' (1)

in a liquid hydrogen target.

- The following kinematical quantities will be ocbserved:

(1) Directions of p and 7" detected in wirc spark chambers around the

target and direction of the incident Kf will yield the‘K°gproduction

vertex .



"(2) The X° decay vertex is observed in a K,, detector and yields, to-

gether with the production vertex the K° direction.

(3) Knowledge of the directions of the j"oﬁtgoir_lg particles and of the four
momenta of the incoming particleé gives a one constraint fit to reaction
(1), enabling us to resolve the ambiguity between 7" and proton which
are not identified and to determinc the -K° momentum. The goodness of

fit can be judged from the mass of the decaying neutral particle if we

suppose it to be unknown.

II.MK:Time Resolution

It is the éim of this experiment to determine'thewraée of (W+G~J )
and (7 e'v ) decays as a function of proper time. The expected resolution
in proper time has been calculated by Monte Carlo methods, from the resolu-~
tion on decay length and on K° momentum and is shown in Fig. 1 versus

proper time in units of TS .

The cxpected resolution in K° mass is shown in Fig. 2.
30, from the prbduétioh alone we obtain the momentum and the mass of the

decaying object.

By'chbosing.a two-body decay of K°; vié; K%~ ﬂ+ﬂ— , the momentum
and mass of the'deb;ying object can also be fully determined from the decay
alone. A compérisOh between production and‘docay date enables us then to

determine the time resclution experimentally.

It is also important in chceking that other reaction channels with neutrals

K+p > K p7n" (+ neutrals) (2)

have been successfully eliminated.

The recconstructed K° mass distribution is flat in this casc, as shown in
Fig. 2. 4 portion of 5+ 1072 as compared to events from rcaction (1) can-
~not bec rejected by the one constrainﬁ fit to the production kinematics.
This portion will be reduced further by rcquiring that the K° momentum ob-
tained here coincides with one of the two possible values obtained from the

K° decay secondaries. The small remaining background will be subtracted



III.

in each bin of proper time. Its portion and shape can be determined experi-~

nentally by measuring K° - T,

Knowledge of the XK° momentun from the production rcaction
would also enable us to select other 3-bedy deéays of K° and to study

interference in these charnels.

Kes Detector

Views of the detector are shown in Fig. 3. Two vertically
separated cells of the Eerenkov counter detect clectrons from Ke3 . The
detection efficiency of this apparatus, averaged over the whole decay
volune is 0,10, The time-dependent detection efficiency, showm in Fig. L,
is a slowly varying function c¢f proper time. This is of great importance

as it has to be known with gced precision for the final analysis.

_ The vector momenta of the charged secondarics frem K°  decay

and the decay vertex position are determined by a wire spark chamber spectro-
nmeter., The resolution on the K° momentunm 2s reconstructed from the ob-
served decay secondaries is very different for two classcs of events.

Since the neutrino fron Ke3 decays is not cbserved, one has a zero
kinematical constraint casec (if the mass and the direction of the decaying

object is known) and in general two solutions fcr the K° nomentun.

If the v is emitted unler 90° in the K° rest framo, the two solutions
coincide. However, this case also corresponds to a pole in the

derivative clpKO/ d@KO + Conscauently, cvents with \ pé; )_ pé;‘q > 100 leV/c
arc reconstructed with 6% rcsclution in EKO s, wherceas the rcmaining
events have an average resolution of 1553 in pko“.‘ The corresponding

resolutiors in proper time are chown in Fig, 5. The two classes arc of

- about.equal importance. In an experiment which rciies on reoconstruction

of the K° nomentunm freom the deczy sccondarics alonc, the second class
has to be climinated. In cur casc informztion on the K° monentun concs
fron the production and we can keep both classcs of cvents. The information

from the decay simply adds one zmore constraint.



IV,

Event Rate

At 3 GeV/c the cross section K+p<+ K°p 7t as accepted by the

target detector is O.7 mb . The target length is 50 cm and we use a no-

minal decay length of 10+ 107'% 5 (to compare with the estimated precisions
in Chapter V). We then expect to detect '

P(K, )= 1.0 X107 per incident K.

Using 5°,104 K per burst in an'improﬁéd'm-beam (in a momentun bite of
+2,5¢10°2 for 3+10'' p/b or without sharing in * 1,0°¢ 1072)" and

3+10* b per typical CPS day, we cxpect

N(Kez) = 1500/CPS day .

After the 1968 shut-down, the CPS repetition rate will be doubled. Allow-
ing for a safety factor of 1/m for various rcconstruction cfficiencies

- we would then safely expecet 1000 events per day and a total sample of

20,000 cvents.

Sensitivity to 48 = - AQ Anplitudes

" Monte Carlo calculations folding in all experimental resolutions
show that for 10% cvents onc would expect the following variances, if the
time dependent detcetion efficiencies are known.

- P

ol

o( Re¥) =% 0,016, o(InX)= % 0.018

‘where X = ( ' =22 .
0 A(bs= AQ)

- If one could not rely on the knowledge of timc;dependent detcction effi-

ciencics a factor 10 nmore erents are needed to ebtain the sanc precision,
So, it is obvious that it pays to define a geometry which mininizes

possible biases in detection e¢fficiencics and lends itself to casy tests.
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BACKGROUND

- Background from decays of particles other than K° is clininated
by the K° mass detcrmination in the producticn resction., Knowledge of

the K©° momentum also allows us to eliminate X° Z2cczys other than Kes .

Decays K®- 7 7~ and K°- 7°7°5> 7° ¢* ¢ y will contribute
equally to the trigger rate. They will be elimirzted in the analysis
by their invariant mass at the cost of 10% of gcol events. K°- AR
decays will contribute at most 1072 +to the trizzer and will be eliminated
by the nissing mass of the 7%, K°-» 7%7°%#° » 7“7% ey decays will
contribute at most 3° 10”7 to the trigger and wiil be eliminated by the

missing mass.

Ke3 Decay Matrix Element

. This experiment would produce a large szzzle of Ke3 decays of
known X° momenta. Therc will be no ambiguities in the transformation
to the K° rest system. A study of the Dalitz pict Zensity will give
information on the q? dependence of the form fzctor. Horeover, the

. 2 < . .
detcctor does not bias the q deperdence zs czr te saen in Fig, 6.
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FIGURE CAFTIONS

Mcan tine resolution AT in units of Tq (lifetine of

: K§ ) as a function of proper time. K©° - momentum determined

fron production kinenatics.

Mass of the decaying neutral particle deternined by production

kinenatics. Curve (a) for K& p K°pn  curve, (b) for

K+I’* K°I>W+ (+ neutrals). At proper time 7 ='TS',

Detection apparatus.

Tine dependent detection efficiency, as a fungtion of: proper

tine,

Mean time resolution AT in units of Tsﬁy K° nomentum:

‘determined fron decay products. Curve (a) for

| -PK(1

)

: 2 ‘ g .
- RK( ) | > 100 MeV/c, (b) for the other cvents,

Dalitz plot projection on E_ and relative detection

~efficiency.
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Figure 2
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TIME DEPENDENT DETECTION EFFICIENCY AS/AQ
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