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Qubject : Proposed use of the HPD for a new mecsurement of the

#* (snd of the KY) lifetine

The recently developed HPD scanning machine has already completed
the anelysis of & spark chamber experiment and several others are scheduled

to be analysed in the near future.

Ne attempt has so for been made to use such a device in order to

analyse oscilloscope pictures.

e propose bo study this possibility in connection with a simple
experiment, i.c. the measurcment of the 7 lifetine. The same technique
can be used in future for o better determination of the K lifetime. This
will give -us the ovportunity of learning as much ag possible about the HPD
and its operation, Since, ab present, the moin limdtation in the use of
the HPD seems to be the programming, we have in mind to toke care of all
the programmes nceded Tor the suggested experiment. Due to the fact that
the pictures we proposce te take are by far simpler than the spark chasber
pletures, this task does not seem too arbitious snd the load for the DD
Pivision should be restricted to give us, at the beginning, the information

and the asslstance we noy nead.

The theoretical considerctions which make a moeasurcement of the

")

end are well known; furthormore, the plon lifetime is one of the quantitics

)

. L2
which enter in the determination of the "Cabibbo angle" ‘.

pion lifetime intoresting, have been discussed by Goldberger and Treiman

In addition to thot, from a purely oxperimental point of viow,
one notices that pion decay physics is more and nore becoming a few-percent
accuracy type of physics, and that in some coses the main limitation comes

from the imperfect lknowledge of the pion Lifetine, For instance:
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1) the o = #%/5 » 4 brenching ratio as predicted from the CVC
theory is expected te be (41.06% 0,02) x ?O—B where the main
conbribution to the crror comes from the 7 1ifetime3). The
experimental determination of this branching ratio will very

soon reach an accuracy bettor than 10%

ii) Phe error in the recent measurement of the m = ¢/ - § branching
. 4 ry Ot .
ratio ) (2.25%) is to a large extent due to the poor accurncy

of the pion lifetine.

The mean 1ifc of the positive pion has been necsured by several
groups, and the best value available at progont is the one obtained at
+ - 5 g .
CERN by Ashkin et al. )5 Ty = (25,06 0.32) nscc. This value comes from

the anolysis of oscilloscope pictures of ~ 8000 w=u decays.

The quoted error, 1.25%, is mainly due to the smell statistics.
The systenatic crror, cstimated to be of the order of 0.5%, is essentially

due to:

i) the non-lincarity of the scope sweep (0.3%);
ii) the * 0.2 nsecuncoriainty in the determination of the time position
of the obsorved pulses (0.1%);

iii) the uncertainty in the g-p~e  background ovaluation (0.1%).

Tt is clacr from this data that the experdnental approach
deseribed by Ashkin ot 21l. can still be uscd, in order to ilmprove the
neasurenent of the pion lifotine. In fact, the K* lifetime, measured
with the same technique, i1.e¢. from the displayed pulses from K decays,
is better known than the pion lifetime, T (42,312 0.11) nsce (rclative
error = 0.9%)6)

We propose therefore, & new peasurenent of the pion lifetime,
following very closcly the two cbove-nentioned experiments.

The use of o nmore nodern oscilloscope with o very good lincarity
{for instence Tek. 519) should allew us to decreasc considerably the main
) ‘

?)'

ontribution tc¢ the aystenctic crror
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As already mentioned, in order to analyse the oscilloscope pilcturcs,

we propose the use of the HPD, bearing in mind the following considerations.

i) The use of an automatic scanning device is essential if one wants
to analyse o large number of plelures, os ls inperative in this
case;

ii) The use of the HPD also helps in reducing the systematic errors
because:
a) a nuch more detniled digitization of the event is possible
{only & poinbs per sweep were measured in the experiment of
Ashlzin ot al.);
b} a frequent and very accurate digitization of sweeps displaying
a sinewave, is ossontial in order to hove very proeise
enpirical functions with which to corrcet the sweep non-
lincarity:
¢) the botter space resclution obteinable with the HPD should
decrcase the source of systematic errors (i) in tho-@xperi~
munts).
iii) The pictures we propose to take satisfy the reguirements of
simplicity which we should like to have. ALl the cvents have
to be nccsured, so that no scanning is required from the HPD; no

space roconstruction and ne optical eorrections are nceded.

The nurmboer of particles which is worth collecting, i1s of course,

determined by the magnitude of the systematic errors.

Due to the above-mentloned improvements with respect to the

5)

less than 0.3% is expeoioed. In this case, in order to moteh the statistics

experiment 7, even under rother pessimistic assumptions. a. systematic error
with the systematic crrors, ~ 100,000 analysed ovents wou'ld he necessary,
and the final error would be of the order of OJh- 0.5%. It is hoped,
however, that a systomatic error £ 0.1% could be obtained and then, with
the appropriate stotistics of ~ 10° analysed cevents, the measurement would
reach an accuracy couparcble with the one cobitoined in the measurement of the

ut lifetine.
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In addition t o what we have said above, we would like to peint

out the following:

i) A1l the programmes written Tor this experiment may be used in
the future as a general HFD facility for analysing oscilloscope
pictures.

ii) The above-mentioned conasiderations regarding the use of the HPD
may possibly apply also to The Lucioles scanning device. This
point still deserves some investigation.

1ii) In prineiple, no SC machine time as main users is needed. The
complete experiment may be carried out entirely by parasiting
on someonc else.

iv) AlL the equipment we foresee using, already exists.

v) The time required for the experiment should be of the order of
a few months.,

vi) The experiment is very cheap, and Professor G. Fldecaro has
kindly acceopted that we carry out this experiment in his group.

vii) In case the load of HPD time should become exeessive for CERN,
the main production run could be carried out at the Italian

-HPD dn Bologna.
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