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ABSTRACT

The production of otrango particles possessing neutral-pion decay productc
has beon invootigated {n proton bombardment of Bevatron targoto. A woll-collimatod
teleccopo counted cnergotic gamma photons originating within a fow contimeters
of the torgot. The position-dopondont counting rato wao detormined by moving the
toloscope and collimation on a tenck parallel to tho beam direction, and the reo-
oulting dntn were thon compared to curves calculoted from cortain asoumed kino-
matical medels conoistont with acooclated production. The counting rate ond ito

variction with position wereo conoistent with the identification of 619* zn". which

implioo even opin and even pority, The data sloo ollow somo gamma-ray con-

tributionn from 8* - w* + wo. E+ ~>p+ wo.‘ and A° -n 4+ qo. Tho rotio of

intonoitico from rogiono "upstream’ to thooe "downotream' from the targot implieo
o strongly peakod angulnr distribution, forward and backward, in the reference

frame of the colliding nucleons which produce the 819.
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1. INTRODUCTION

The otudy of the very«short-lived (“lO'w oec) opocicc of otrange
particlec reoquirec that obscrvations muot be made at distances within a few
centimetorc from the point of production. In the case of production by proton
bombardment, and in the sboence of a proton beam emerging externally from
the accelerator, it is necocsary to device meand of identifying the particles in
quention as they decoy in the immediate vicinity of the Bevatron target.

For thooe otrange particles whooe decay producto include neutral pions,
which in turn decay within < 10"15 ceconds predominantly into energotic photons,
it ic possible to identify their production and decay by menno of o rigidly-
collimated teloscope for high-energy photons, o oriented ac to receive’photono
only from a selected, limitod region of space near the target. The K w2 and the
E+ arc known to yicld wo docay particles; ot the time of the inception of thio
° hnd neutral
decay moden.

Such a technique is similar to the early attempto at measuring ﬂo life-
time by Bjorkiund et al, ! to the unouccegssful search for ctrange-particle pro-
duction at lower proton encrgics by Garwin, ¢ and by Balandin et al, 3 and to the
ouccosoful otrange-particle work of Ridgway, Berley, and Ccmnsé at the
Brookhaven cosmotron. In the present experiment ‘the countor telescope and
ito associnted collimation were oriented at 90° (laboratory angle) from the
direction of the Bevatron beoam at the target, and the whole syostem wao translated
upotream and downstream from the target in order to observe the projected
decay denoity of the otrange particles ao a function of distance from the target
in theoe diroctiono.

These data wore thon analyced by a2 best-fit comparison to calculated
docay curves for various pooseible kinematic combinations.

In formulating the kinematico, use was made of available experimental
data as to the expected production mechaniomo and decay characteriotico, In

® ' .
This work was done under the auspices of the U. S. Atomic Energy
Commission.



“le UCR1.-8429

particular, associated production of the form p +n -en + ¥ + K was assumed,
congiotent with Gell-Mann's theory. 3 The work of Ridgway et al. 4 at'Brookhaven
in an experiment very similar to the one discuased here has demeonstrated that
the production threshold agrees with this production model,

Other reactions undoubtedly do contribute, including preduction through
intermediate pion states and four-body final states, but these other forms were
~ agsumed to be of winor consequonce for production from protons in the energy
range of 2.0 to 6.2 Bev. Recent data seem to imply that p + p 4 Ko + Y+ + P,
but {ndicate reasonable production from p +n = Ko +Y+ N.6 The kinematic
details for all of the known strange particles capable of 30 modes of decay wereo
calculated under selected assumptions about their production, using the decay
mechanism, established ) valueo, ond ranges of lifetime as determined from
other oxperiments. The beot fit to the data obtained is discussed in Section V
below, together with the spocific sssumptions made and the kincmatical features
involved. y

The resulte will be seen to affirm the neutral decay mode of the 810
meson and to allow an estimate of the fraction of its decnys via this mode. Also
some inferences concerning the angular distribution of the 83 production can be
made for reactions of the type here involved,

I, EXPERIMENTAL ARRANGEMENT AND PROCEDURES
A, Disposition of Apparatus and Bevatron Facilities -

The counter-telescope and collimation asgsembly (shown in Fig, 1) were
mounted as a rigid unit which could be moved along on tracks located over a
vertical re-entrant "well", possessing a lucite bottom window, at the weot tangent
tank of the Bevatron. The location in regard to the Bevatron is shown in Fig., 2.
This location allowed the collimation assembly to extend within 10 inches of the
target and yet permitted the counter-telescdpe and collimation assembly to be
moved by remote control so as to view regiona as much as 15 ¢cm either upatream
or downstream from the target,

The enorgy of the proton beam was determined from the magnetic-field
otrength which was monitored by a system of magnet-current markers, The
beam wao sopilled onto the target for a time interval of nearly 100 milliseconds
to reduco the instantaneous counting ratec for the electronics., This prolonged
spill, and the change of magnetic ficld with time, of cource resulted in an
energy spread in the proton beam. The target wao plunged to the proper location
under the counter acsembly after the large initial boam oscillations had damped



“5 - UCRL-8429
out; aloo a clipper was simultaneously plunged ot 2 location 180° around the
machine to remove the protons which had gained large radial ococillationo
from oeattering by pascage through the target, and to prevent them from hitting
the target holder and target plunging probe.

B, Countor Taloscope and Calibrotion

The toloacope-counter array io shown in Fig. 1. The soquence of
evento for a dotected gamman photon would be (a) no pulce from the front plastic
sciatillator (antl), (b) convoroion of the photon in the lead converter, (c) o pulse
resulting from the pascage of at leact one charged particle through the plactic
ocintillation counter Sc., 1., (d) a pulse in each of the Cherenkov-counter photo-
tuben from at least one relativistic particie paosing through the 10-cm lucite
Cherenkov counter, and firally (o) 2 puloe from & charged particle entering the
rear counter Sc. 2, Tho Pb converter wag constructed so that it could be placed
at standard Yin" or "out" pooitions by remoto control.

Since the countar wag to operate in a otrong pulcing magnetic field,
extonaive magnetic shielding was usod. The magnetic shialding of the phototubes
was checkod by monitoring the counting rate for each of the phototubes during
the Bevatron magnetic cycle (using no beam), with an insert of a plastic ccintiliator
on the Cherenkov counter, and with a radicactive oource placed noar the
ocintillators. _

A bleock diagram of the counter arvay and assoclated alectronico io
shown in Fig. 3. The electronico used had a rosolving time of approximately
10'8 sec, being limited primarily by the anticelncidence circuit, The very
flexible multiple-coincidence circuit and anticoincidonce circuit uced is of
otandard Radiation Laboratory dosoign. 7

The countor telescope wac calibratod by a combination of expertmental
and theoretical methodo. 89 The procedure was to determino exporimentally
the cloctron~counting efficiency of the counter telopcepe (without ito front "anti"
counter or rogular lead convorter) ao a function of Ph-foil thicknens (varied
from 0 1in. to 4in.) in tho converter position, ao a function of incident-cloctron
onergy (cxperimentally varied over the range 30-300 Mev), and for various
geomwetrical pooitions of normal incidenco upon the Pb foll. This io in effect tho
simulation of a gamma convaeraion at o known pocition and depth in the converter
into an electron of known energy. This olectron officiency wan then extrapolated
{in an acymptotic region of the curve) to include electron energies of 300-700 Mev
and folded with the theoretical probabilities of pair formation {n the various
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increments of distance thkcngh the actual lead converter, and with the theoretical
energy-partition probabilities for the electron and positron. In the experiment
the 340-Mev synchrotron was used as the source of clectrons by directing the
bremsstrahlung beamw on a tonverter placed at the entrance of a pair magnet to
vield a opectrum of electrons. The clectron energy was determined by a
calibrated momentum channel in the pair magnet. And finally an electron
teleacope of small dimensions was added in front of the counter telescope to
define further the momentum channel, to count the incident electrons, and to
dofine the position of incidence. The ratio of the number of incident electrone
giving a simultanecus counter-telescope puloe to the total number of incident
electrons thon is by definition the electron-counting efficiency of the counter
telescope., The resulting gamma-~-counter efficiency for our goometry as de-
termined by this method is shown in Fig. 4 with about # 15% accumulated absolute
error, '
C. Collimation
The collimation assembly as shown in Fig. 1 was found necessary in

order for the counter telescope to observe gammas originating in regions of space
near the target without an extensive background from the target, which represented
an extrewmcly intense source of gammas because of direct wo production, Even
with the large amount of lead employed, a relatively omall background was present
and had to be subtracted frow the data, The corrections for effects of direct
wo production in the target and for target gammao ocattered from the collimation
slito are given in Soction Ill. The efficacy of the collimation mey be judged from
Fig. 5, obtained under conditions producing only target uo's.
D. Monitor and Calibration

The relative monitor uced in this experiment consisted of a pion telescope
(two 1-in. diaw, $-in. thick plastic scintillators - as shown in Fig. 2). This
relative monitor was chosen because it gave an accurate instantaneous record of

the proton flux through the target, ac it looked esocentially at the charged-pion
production occurring in the target. The induction-electrode signal was used as
a rough preliminary calibration of the circulating beam, but for final analysia
the pion tolescope was calibrated by plunging thin aluminum fofls with the target.
An absolute calibration wao made by correlating the monitor counts against the
Na?t
aluminum sandwich (l-mil guard foil, 2-mil Al, l.mil Al guard feil) covering the

activitym {a opallation product from Al) produced in 2-hour runs with an

target faca. Thin then took proper account of multiple traversals through the
target, and of beam misoing the target, which are the sources of error in the
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circulating-beam induction-electrode measurement. This method, on the other
hand, introduces an appreciable error (at least £20%) in the absolute production
eross sectione given in Section V, pending a better value of the Al-spallation
croos gection to form Na4 (taken here ae 9.3 mb for 6.0-Bev protons) and a
24 by neutrone which are thernselves

produced in the target (here estimated as a 15% correction for the $-in. Cu

better correction for the production of Na
target).

I, TREATMENT OF DATA

The numbers plotted in the curves presented below represent the count-
ing rateo for high-energy photons received from various lecations of the column
of space defined by the collimating cyotem. These numbers are the result(of a
combination of four chserved counting rates measured under the following
conditione: :

a. Pb converter in, channel open (i.e., Pb shutter removed; see Fig. 1)
b. converter out, channel open

c. converter in, channel closed

d. converter out, channel éioaed.

The difference between (a) and (b) is related to electrons originating
in the converter when the channel is open; the difference between (c) and (d)
gives a omall background counting rate for electrons originating in the converter
but not attributable to gamma rays from the volume of space of intereot, Thic
background, due presumably to events generated by neutrons and charged pions
in the material of the collimating syatem and converter, was fortunately a small,
nearly constant correction to be cubtracted from the (a) minue (b) data. I was
important only at the extreme upstream and downstream lmits of the data
digplayed.

The counting rate as observed above’migm be expected to include some
gammas from direct “0 production in the target directed by slit scattering into
the counter aperture. Consequently the collimating function was directly measured
to determino the spatial regolution and enable the direct vro production to be
cubtracted away. Thic measurement was performed by reducing the beam energy
to 0.8 to 1.0 Bev (below associzted production threshold) and mwaking a spatial
determination of the apparent target size as viewed from direct 110 gammas,

This experimental slit-scattering measurement was applied for other energies
simply by normalizing to the same on-target gamma intensity, because the
behavior of high-energy gammas was not expected to change in any essential way,
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even though a slight change of gamma spectrum could be expected at 90°
{laboratory) with a change in Bevatron energy. The resolution curve from a
1/8+«in. Cu target o shown in Fig. 5; this wao cross-checked on the upstream
side for proton energies below 3 Bev (kinematically K-mesons could not go
upstream {or proton energies below approximately 3 Bev).

Experimental data obtained as thuo described are given in Fig. 6 for
which the target thickness was 1/8 in. (Cu) and the lower defining aperture of
the collimating ayotom wag 4 X1 in. The ¢-in. dimension ic measurod parallel
to the 1/8-in. target-thicknese dimension, i.e. parallel to the beam direction.
Thio lower defining aperture io not the lowest aperture shown in Fig. 1, but is
the second aperture encountered in proceeding upward from the target region.
The lowest, broader aperture is simply a pacsage through a Pb structure which
shields the defining aperture {from direct irradiation from tho targot. The edges
of this lowest aperture do not '"'see’ the counter telescope. The transverse
dimexﬁ%?n (herc 1-in,) of the defining aporture cubstoantially affects the observed
clope of the curves of intensity veo. dictance, owing to loos of the diverging
particles; but this offect is, of courso, calculable if an angular disctribution is
known or assumed, ' -

3imilarly, in Fig, 7 are shown the data from a §-in. Cu target obtained
with the same cellimation as déscribed above. In both Fxﬁo. 6 ond 7, the dashed
curves represent the normalised contribution of direct target no 's and the slit
scattering of their photone. Figure 8 presentc the results of cbeervations for
four different energy intervals of the incident protons, in which the direct wo
contribution hae been subtracted away. In Fig.10 are plotted the counting rates
at a fixed pogition 2.5 cm downstream from the target for the various energies
involved in the data of Fig. 8. .

IV, QUALITATIVE DISCUSSICN OF RESBULTS
Before entering into a discussion of the kinematical assumptions and
calculations, and of certain trial functional forms for the matrix element
describing the production of the particles whose decays are observed, we will
summasarize the qualitative features of the data which are of intereot and which
must be accommeodated by the assumptions and calculations,
A. The Gamma Rays Originating "Upstream"
The prosence of observed photons, definitely in exceos of those duo to
slit scattering of target «° photona, when the volume region selected by the
collimator was upstream from the target, requires that the most prominent
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particlos in question be of maco comparable to K meosons rather than to hyperons,
The latter particlos could not emerge upotream in the laboratory from energies
here available in the nucleon-nucleon cellision systeme, except by uéattering;
and it would be extremely difficult to explain the cboerved upstream intensity
and spatial decay rate upon this baois. Figureo &, 7, 8, and 9 all axhibit the
upstream component clearly for thoso cases in which the incident-beam proton
energy wes well over 3.0 Bev., Whon the beam energy was below about 3.0 Bev
thic component was net present, which {0 kinematically appropriate for particles
of K-meoon maoo, .

Furthermore, the ratio of the intensity of upstream emission to that of
downstream emiscion, together with the spatial-decay clope of the former, hao
led us to poctulato a strongly peaked, forward and backward contribution in the
production of 6% in the reference frame of the colliding nuclecono.

B. The Rate of Variation of Intensity with Position

The spatial-decoy slopes observed in the plots of photon intensity ve
position of collimator are compatible with particle lifetimen of the order of 10
seconds. It is impossible to complately identify the neparate contributions of
the wa-decay modes of the B*. Aa. K*. and 80 particles; but there arc reasons
related to the spectral efficioncy of the counter telescope, and to kinematics
(which will be diocuosed bolow in 3oction V B), for believing that the obsecrved
photons are predominantiy from the 80 particleo.

' Furthermore, it is poossible to underotand the ratio of upstream to
downotream intengities, oo well as the decay olopes of both, in terms of the
e°'s; but it is difficult to accommeodate these observations if the hyperons are
prominently seon by the countero. \ "

in the downstream intensity voriation a change of slope in evident &t a
dictance of ceveral centimotere from the targot. This can be produced by the
effects of the poaked angular distribution assumed for a part of the 09 yvield, and
it also is related to the contribution of the k' mesons and to a slight extent of
the Ao'a.

R haco been previously montioned that the apparent initial dccay slopes
are otrongly affected by the angular distribution becauce the losc of particles
from the field of view ns the collimator is translated away from the target ic a
function of their angular distributions.

-10
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C. Masmitudo of the Yiold

Sinco the countor toleocepe officioncy ic determined upon an aboolute
bacic, and sinco tho goomotric definition, of the volume of opace contributing
detectablo photono 1o known, it ic poooible to eotimate the aboolutc preduction
¢rooo section for the chort-livad particlos oboerved via the twn-ua decay if
angular and momontwn dictributions are asoumed.

For tho onamplec of angular and momentum diotributiono deacribed
below in Soction V, the absolutec-production croos soctiono, per target nucleon,
for croation of particles cecn through oa sooumed decay inte 2 vro'o. waere in
the rango of 0.2 to 0.5 mb., While this was but o erude rocult, it wao evidence
for a substantial fraction of the Glo decay procecding vio the neutral modo.
Further work with countors to moeasure the rotio of chnrged-pion to neutral«
pion decny medes 1o being puroued. |

D. Excitation Function

Tho dependonce of photon yiold (mencured 2.5 cm downotrcam from the
target) upon bombarding proton enorgy io chown in Fig. 16. This aloo {s an
empirical reoult to be aatlsfiedfby the momentum dopendenco asoumed in the
trial motrix elemento,

V. KINEMATICS AND MATRIX ELEMENTS
A, Kinomatical Assumptions
For tho purposes of caleulnting phase<opnco factors and enorgy
distributions, the mnjor contribution of stronge particles hare oboerved was
asoumed to be from the 3-body, finnl-otate typo, N¢ NN+ Y + K. The
calculational procoedurc then fnvolvaed the following itemo:

a. 'l'b@ ocnergy distribution of protons incident upon tho target wén aocertained
from the oporational charactoriotico of the Bevatron. For oxamplo, under
conditions of highoot onergy, the prolongad beam "opill" on the targot required
for oatiofactory countor operntion invelved a nearly uniform spread in incident«
proton enorgy from 5.7 to 6.2 Bev,

b. The momentum dictribution of tho target nucleons wao agoumod to be
of tho Formi type with a 24-Mov upper limit. This, togetbher with (a) detorminco
the dictribution in availablo encrgies in tho reference framocs of the colliding
auclcono, and nloo determinos the laboratory volocity diotribution of the
collision oyotomo. Calculations were aloo made with a Gaucslan-type
momentum -denoity function, with resuits which diffored only clightly duo to tho
"tail" of high momentn., For incidont-proton energion above 3 Bev, tho rasulto
of the two diotribwtions arc ccoentinlly indistinguiohabie.
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c. A 3.body, rolativictic phnsc-opace caleulotion, comserving totol onorgy
and smomentum in tho collision roferonce fromoe, provided tho valocity cpectrum
within that framo of any dosired particlo in the final otate, u No ottempt wao
mado to cmecrvo angular momontum in tho calculations. Probobly moay angulay
momenta contributc, though the analyoio givon bolow of motrin clements will

indicato that high angular-momontum ctates moy bo prominont contribotorn.
4. An cnorgy- ond angulor.dopendonce function 1o now aooumod ao o motein
olomont effoctive in tho productioa of tho K mooono, the paromoters of which
are to be adjusted for an empiricol fit to tho dntn. We aro now ablo to eslculoto
the spotinl and volocity dictribution of the K mooons in the roforence fromo of
tho production collicion. ‘

e. It is scoumed, conofstent with noro opin, that the K.mooon decay io
iootropic In ite own rofereonce fromo. Furthormoro, the decoy of 8 @ moson
is iootropic in ito own frame. Consegquently the photon diotribution from thio
proceocs will bo sphorically symmetric in the root fromo of tho K mooon, ond will
poooess a opoctrum in thic framo which io flat botweon n winimum and maximum
value of photon enorgy which arc roadily dotormined by the Deppler chift duo to
«® motion within tho K-mocon framo.

f. The volume of spnce dofined in tho loboratory roforence system by tho
collimation is now uned te define by trancformation the limitations in tho aomotﬁp
roference framc within which tho wo decoy of o K mooon ¢an bo countod, It is '
thon pooaible to calculate the probability ¢chat & K mevon ¢f a particular momontum,
and within on oligible solid anglo, will decay in a dotoctoblas manner within thic
region, and to evaluato the cnorgy of tho photon which ontore the collimation
ayotom. o

g. Finally, tho spectral officiency of the toloocope entero to comploto the
calculation, .

Thio procooo of computation wao codod for an IBM 650 data-procosoing
maching, ond the prodictions of variouo sosumptions of enorgy and ongle de-
pendence of the production proccss wore investigntod.

B. Prodominance of 6, Dotoctien

Tho spoctrol-efficiency curve for the photon counting oyotom (oce Fig. 4)
indicatoo that highor onergico are strongly favored in dotoction. Tho countor
thrashold io 40 Mev, and at the proper cnergy of o wo-doc:n'y photon (67 Maov) tho
officiency io only about 2%. Photeno whooo ocnergios havo beon Doppler -ohiftod
upward by virtue of emisoion from ve'o moving ropidly townrd the dotoctor,
however, moy bo counted with efficioncies which rice te ovor 40%,
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The large Q value aosociated with the twowo mode of the 616 decay
(~219 Mev), and the high velocities available to the 8, itoelf in the 3-body final
state, praovide the posoibility of strong Doppler shifts of photons from this source.
The fact that four photono arise from each such decay i6 of course favorable.

For thege reasons we find that the efficiency for cbserving the e°
particles is much greater than for the Ao'o. The longer lifetime of the K* mooon
and the fact that it ylelds only one wo in itoc decay cause the relative intensity of
photons from it to be also rolatively small near the target. Figures 9 and 11}
indicate the relotive contributions from these particles under certain production
asgsumptions. ‘

C. Enerpy sud Angle Dopendences Examined
1, Spherical Symmotry - S-Wave Production

In Fig. 12 arc precented the spatial-decay curves calculated undor thio
agsumption, normalized to tho experimental data at 2.9 cm downotream from the
target, for throe difforent ase_mmlad lifetimes of the ﬂlo.

The initial downotream olope can bo rather well fit by the lifetime of
1.0 X lﬂ'm sec. But the upstream yleld predicted io low by more than an order
of magnitude. Also the downotream prediction {alls below the obgsorved data
beyond 8 or 10 contiweters.

The excitation function for the photen emission seen at 2.9 e downgtream
is, however, fairly well saticfied by S-wave production os shown in Fig, 10.

2. The Strongly-Peaked Asosumption

If we conseidor the energy dependence and angular dependence to be
free parargeters to be adjusted independently as desired, a rather reopectable fit
to the data may be achieved both upstroom and downgtream no far oo the data
extond by 2 matrix element of the form:

2 [ g2 14

!K atﬁ -l:g con " 8 .

This is accompliched, however, at the expensc of poor cgroemont with
presently accepted values of the 810 Ufetime. We requirc about 1.9 X m‘"’ sec
for this production model, Figure 9 displays the predictions of this model if we
aspume K' meeons and 60 mesons are equally producoed with this mntrix-elemont
form.

Tho physcical basic for such a peaked distribution may be conoidereod in
terms of o stripping model investigated by Peaclec for the production reaction. 12
In thin case one congiders a nucleon as being frequently discociated into o
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virtunl hoavy meoon and hyperon state (proporly conserving strangeness), and
that nooociastod production in a nucleon-nucleon collicion takeo place via a
otrong interaction botween a virtual pion from one nucleon and a virtual strange
particlo from the othor nuclcon. Thio interaction has been furthor worked out
in tormo of o otrong K-interaction by Barahay”’ and Schwinger. 14 The otripping
picturo lendo to on cffective matrix clement with & very extreme angular peaking
on Poaclee's phenomenological model (*Cossoe). but if thisc mode of production
ware mined with some S-otate production, as tndicated by the Brookhaven work
near threchold, which could aloo poasibly arice from competing 4-body final
stateo, it could reduce to the effcctive matrix-clemant fit given above.

The absoolute-production cross section of that fraction of 90 decay seen

by the vo-decay mode undor thic asoumption ic 0.25 ¢ .07 mb,
3. A Mixture of 5~ and G-Wave Production

Since the energy here omployed is conoiderably above threshold it ic
likely that ooversl nngular-momen@um ototes contributa. Furthermoro, cther
outlet chonnelo thon the 3 -body final ctate undoubtedly occur. The calculation
of Yujiro ot al. indicate the relotive froquencies of occurrence of 3, 4, and 8-body
final otates predicted by a statictical model with concorvation of styrangencon
and of iootopic opin, 18 Their colculations indicate that the 3 -body final otate
occuro about one«third of the time for 6.2-Bev bombarding proton energy.

A model wao thereforc ottempted which combines a cpherically symmetric
and o pecked contribution; and tho momentumn dependence assumed woo rolated
to the angulor dictribution in 2 manner familiar {n wave mechanice. The

functions! {qrm assumed was!:
\

2
al +a(§? - 1}4 cosa ]

]
with a volue of a chooen for beot fittobe o = 6.5 X 10"3.

Tho reoult of thio choice {6 chown in Fig. 11, togother with spatial-
decny curvas from other strango particles which could yield photons, with
lifetimo and cross-gection nopurnptions thore otated. Tho effect of tho strong
momentum dependence considerably compensates for the weaker angular
dopendenco in the comparison of this result with that of the oteipping model,
and allows the upotream contribution to be adequate without extreme peaking.
The production cross soction for 9‘0'0 ao seen by the uo-docay mode io in
thio cace 0.4¢ 2 .10 mb.



-14. UCR L.-8429

Vi, SUMMARY
The data allow no precice quontitotive conclusions because of the
complexity of processes contributing and the experimental and statioticol un-
certaintios. The following qunlitative inferences, however, appoar to be
warrantod: '

a. A pubotanticl fraction of the Gl decoay proceads through the Zvo mode.
With liberal uncertainty wo eotimate from our data that the fraction may be near
4. Further olaboraotion of thio experiment ic in progreos to measure thio.

b. A portion of tho 80 production involves otrong forward-backward peaking
in the collicion frame of the producing nucleons. R ic ouggensted that high
angular -momentum otates are prominont, or that a otripping typo of reaction

0

may function in the production process,
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LEGENDS

Fig. 1. Front and oide crooo sectiono of the counter telencope, collimation,
and mounting cystem. :

Fig. 2. Vertical view down on Bevatron west target area., Location of Bovatron
"woll, ' counter syotem, and monitoring teleocope arc chown.

Fig. 3. Electronico and counter dblock diagram,

Fig. 4, Gamma-counter teleocope detection effictency as o function of garmmma
oenergy for collimated gammn radiation incident on the counter telescope.

Fig. 5. Data talen at 0.8 to 1.0 Bev, below associated production throchold, to
determino the effective olit rooolution for a opecific target thicknees.

Fig. 6. Data for 5.7- to 6.0-Bev protons incident on a 1/8«in. Cu target, observed
with 1/2 X 1-in. olito for the lower defining aperture.

Fig. 7. Data for 5.7~ to 6.2-Bev protono incident on o 1/2-in. Cu target, obsorved
with 1/2 X 1-in. clits for lower dofining aporture.

'Fig. 8. Data for the proton energioo Moted above incidadt on a 1/2-in. Cu target,

ap oboerved with a 1/2 X 1-in. olit co lower defining aperture.

Fig. 9. Calculated curves for 8 decay and et decay compared with the expori-
montal data of Fig. 7. The 6% and 6* curveo werc calculated for equal croso
sections, and matrizx-elemont energy snd ongular dependencien of
181% « {G:z/fhdz-l}Cool49 {n the c.m. oyotom, whero E, M, 8 rofer to
the particulor particle in question,

Fig. 10. Excitotion function of gamma intonoity vo energy at fized diotance of
2.5 em from torget contor,

Fig. 11. Calculated curveo for Go decay, 9+ decay, Ao decay, and zt decay, as
compared with the dnta of Fig, 7. The 90 curve io calculated for
IHI%x 1 + 6.5x10°3(E2/a4 - 1)% Coo® 0, the curvas for 6%, A?, ana =*
for S-wave only (IHIZ = 1), whore E = total onergy of 67, M = M,C2.
Values assumed for the curves given, |

6® — Tg0 ® 1.sxw"° soc, ¢ = .31 mb "S'" wave + .13 mb "G" wave
0% -eeny 7ge = 1.2%10°% cec, @ = 1.1 mb "S" wave

A% e, 7,0 =2.77%1071 % gec, @ = 1.1 mb 5" wave

=t .. - Tyt = .78)(10'10 cec, o = .95 mbd "'S$" wave

Fig. 12. Comparicon of calculated B-wove 90 curves (normalized to the experi-
mental data at 2.9 ¢m) with experimoental data for 5.7~ to 6.2-Bev protons
ona l/2-in. Cutarget. Scveral values bf moean-lifo time are shown; note
the poor upntroam to downotream agroement with the cimple S-wove fun
plcture.
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