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In the courses of experiments requiring the detection of antiprotoas in a
negative external beam f(rom the Bevatron, 1.2 it was found that ¥~ mesons also
could be distinguished from the large baéi&ground of lighter charged particles,
primarily # mesons. Particles of a fixed momentum emitted in the forwerd
direction from an internal beryllium target were channeled by & series of focusing
quadrupele magnets for & distance of 100 feet fxom the target, In this beam,
particies of e given mass were identified by velecity, The momentum was defined
by the internal magunetic field of the Bevatron and an external deflecting magnet;
velocity was measured by time -of-flight coincidence of six scintillation counters
approximately equally spaced over the last 60 feet of the beam channel.

With particles of moementum of 0.9 Bev/c, the lengihs of the delay cables
cn the time.of -flight coincidence couniers were adjusted to produce a coincidence
with particles of a selected velocity. Figure 1 shows the counting rate obtained
for delays in a velocity range including particles of K™ meson mass. The presence
of K~ mesons in the beam is clearly indicated. From the slope of the delay
curve on either side of the "platzau’” we estirate an upper limnit of 5% for the
contemination of &hé K~ bearn: when the delays are set for the edge of the plateau.

In order to measure the ¥~ - p total cross section, a 62-inch long liquid
hydrogen target was loceted after the last scintillator, F, of the time.of-flight
selection systew, Fig. 2. Beyond this, at a dietance of 13.4 feet from F, a 13-inch-
diameteyr scintillation counteyr, L, detected those particles which passed through
the hydrogen target without interaction or decay. This counter was large enough
to include the effects of the natural beam divergence and of the multiple C.mxlomb

scattering in the hydrogen targe:.

On teave from Brookhavea National lLaboratory.
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In principle, the vchaﬁg@,@ in transmission regulting {rom filling the hydrogen
target is a measure of the total cross section; seversl corrections must be
congidered in this calculation, however. A lerge fracticn of the K™ mesens -’
{epprozimately 40%) decays in the interval from F to L. Decay secendazies that
originate in the region ahead of the hydrogen target are only @aagmw attenuatsd in

- the hydrogen, and since only about 1% of these secondaries arve detected by L.,

the net effect of decay abeed of the target iz negligible in the tracsmission difference:
In the region after the target, the rate of decay of K~ mesons io increased by the
‘energy loss in the h;f@f@g@ny when the terget i full. The appsarent decrease in trans-
migsion from this cause reguires a calculated correction of 6% in the cross section.
Charged secondaries from imteracting X could cccasionsily be detected bgy B

this effect is emall because of the "good" geometry of L and the relatively low
center-of -mass vei@cz&v in the K~ - p interaction. The correction to the crose
section m%mmd by this effect is estirnated to be about 1%, a2ad has been mgﬁee‘:&e
After correction ﬁ’@r the ézﬁ'@"’@nce ia é@c&y in flight between the target and L,

the value of the K™ - gs Cross m@camxa u@mgmamﬁ from the @bm*ﬂmd transmissions is

The im&écmﬁé‘a Error is s&&@ies“ic&i orly. U@@t@g the m@&sumé 7 - p cress sectien, -
- we compule that a 5% contamination of the beam by @ mesens would requive that
this value be increased by 1 mb. The correction for forward 5@@@&@&5&@@@ inte
counter L i lese then 1 mb and has been neglected.
The K~ tifetime ¢ mag? ko a firat sppremimation be @aﬁcmm&.d from the @bs@fved
@mmmimi@n te meagured by L with ne Ewd?@g@*a in the tergst, i.e.,
-@/% ‘
14 .

&@. = @

. ) o .
where d is the soparation of counters F aad L, and % is the mean decay

distance related (o the mean life ¢ by

Be
&‘m [+BRrs Gw-::—w o

Mc’g

where ¢ iz the V@%@eﬁw of tight and P ard M ars the momentum and the mass,
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remyac%iw:%g}; of the ¥~ meson. Several corrections are n@cém&v% Becaupe
the empty hydroges targel was in place during the me&m&mmmn&b a2 carrectian
must be made for atienvation in the windows sad insulation of the target, Thin
factor hed been meam&mmﬁ fox a\mzprowm, for which the transrnission was 0.90.
Takag into account the relatively larger cross section for the interaction of anti.
protons io maﬁ@er at this meomentum, & we estimate the transmiesion for ¥~ mesona -
of the empty target at 0.95 2 0.02. Counters L end F will detect the ¥~ d@aa}
products with & px’obab.,,iw that depende. on the kmemmm@ of the decay and the
-p@m&wn along the beam where the decay cccurs. Since Counter I. is larger than
Counter F, this cerrection is equivalent to a reduction of the effective value of &,
With the. aasmmp&ﬁ@n that the &ecay modes are the same for &he 7 and the K+
- meson, 3 we compute & correction for this effect of 9% to the counting rate of L
aad 3% to the rate of F. Therefove, we have made a net correction of -6%
to the cbserved transmission. The uncertainty in the méan life from counting
@&&ammcs ie % 13%, and an a&di&i@nal unceréaimy of «}g% cafrmes froem the possible
contamination due to ¥ megons. The uncertainty in the K~ momentum coatributes
& §%, (.,@mbmmﬁ the unccr&am&ie@i, we find for the mean hﬁ"g of the K meson
42.2 -9

7 =149 *2% i 1077 second.

floff et al. obtain 9.5 ‘fgeg
10.2 fg é b3 EO“9 gec {or the mean E.ife%img @X‘_@he K meson meagured in emulsion

experiments perfermed at a distance of one to twe mean lives {rem the target.

P ‘? .
x k0 9 gsec, and a later mem@ur@mem glven

Because cur experiment was performed at a dietence of four mean lives frem the
arget, our greater value for the measured mean lfe is in the direction expscted

if there is a mv‘xg e-hfe c@mg@@mem in the K~ decay, E’%@weﬁef the unce ritainties are

euch that both K~ lifetime memmmm@nm are can@w?em with a single value for the

KT lifetime @%’ 2 or i3 % m -9 sec, or about the aam@ 2g that obtained for the

K+ lifetime. ’ | v ' ,

‘ Frem the messurs ed K™ mean lifotime and the cboerved yieid (Fig. 1} of K™
meagens x’chﬁn’@ to #'s at i‘l‘@xﬁnt‘e" F. we find that the &"é&is‘of ®™ mesone %o v?"

mesons produced with m@:m@n s 0.9 Esev/c in the forward direction by 6-Bev

 protens on g 6-inch beryllium target is ehout § to 150,
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Fig. 1. Delay curve of time -of -flight selector at 0.9 Bev/c. Calculated
delays for v~ mesone, ¥ mesons, and antiprotons are shown on the
horizontal axie. Coincidence clca is made between the outputs of the

two threefcld coincidence circuits.

Fig. 2. Geometry of attenuation experiment with liguid hydrogen target.



2

[

L
,

6. UCRL-

FOOTNOTES

Cork, Lamberteon, Piccicni, and Wenzel, Phys, Rev. E% §193 (1956).
Cork, Lambertson, Piccioni, and Weanzel, Cross Sections of Antiprotonn
in Hydrogen, Beryllium, Carbon, and Lead, UCRL -3650, Jan. 1957;
and to be published.
Cerl, Piccioni, Clark, Phys. Rev. 103, 1082 (1956).
Bethe and de Hoffman, Mescons and Fields, Vol. I {Row-Peterson, Evanston,
., 1955), p. 76.
Pirge, Perkins, Peterscn, Stork, and Whitehead, Nuove Cimento 4 834 {1996).
iloff, Goldhaber, Goldhaber., Lannutti, Gilbert, Vmie&,'w’hites Fournet,
Pevener, Ritscn, and Widgoff, 'Phsm., Rev. wz 927 (1956).
Chupp, Goldhaber, Goldhaber, and Laanutti {private commumcaf,ian)
Fitch and Motley, Fhys. Rev. 101, 496 (1956).
Alvaresz, Crawford, Good, and Stevensoan, FPhys. Rev. 101, 503 (1956}, and

private communication: mean lifetime ef E{;Z = 12.440.2 x 1077 sec.




RELATIVE COUNTING RATE

IOZE ’| T T T T l 3
- 09 Bev/C ]
- i
o' ® 3-FOLD COINCIDENCE ¢, "_|
= 4 3-FOLD COINCI}DEN’CE C, 3
- m COINCIDENCE ¢, C, .
Ik =
S , E
10 .
: ]
0% .
07 ~
I0-4E_ _E
‘.— r ‘ N
|05’:— ° =
= m ]
- K \ P
|0-6 { l [ | { l
-4 4 8 12 16 20

CABLE DELAY FROM 7~ (FEET OF RG63/U)

MU- 12825



LIQUID H, TARGET 100
8" DIA. 62" LONG ¢
INCIDENT — —
- T\ v > A = ) "
K MEFSON.S 3\3 42\3‘72’ R 13" DIA. |,
—a— |29l | ¢ [
" <[>QV4VA’><)A‘<PQP .
4"x4 J ’ng,\ﬁd > |7V o sh e L
SCINTILLATOR ™4 S 4= \
» PLASTIC -
) - SCINTILLATOR
6 "

MU- 12826



