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ABSTRACT
Production of 2%+ K% by w ts incident on liquid hyd.l;ogcﬁ'l has
been studied in the T momentum region from 1200 to 1400 MeV/c. By
means of spark chambers, the 50 producf:ibn angular distribution and
polarization have been measured at four incident ‘7 momenta. Signifi-

.33 . . .
cant polarization, an PZ) = - 0.711 25 exists in the backward hemisphere

of £° production in the T momentum region from 1300 to 1350 MeV/c.
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at the downstreain end of a bending magnet ({see Fig.1), which dis~"
_ p_er_ééd the beam so that images of the internal target {for various mo-
mentavwere spread along the vaxis of the liquid-hydrogen target. The mio- 7
mentum of each beam particle could be determined by raeasuring tracks

in beam-defining spark chambers placed at the entrance and exit of the
bending magnet.

The vdetecto'r.s for the secondaries were two coaxial semicylindrical
spérk chambers viewed axially., Stereo information was provided by
photographing spark images obtained by reflection of l‘ight‘ circﬁmfer—
entially around the gaps‘,v 7 (See Fig. 2.) Thé plates were O».OO3-in.
thick, hand-polished aluminum foil. A 1/16-in. ~thick lead plate be-
‘tween the inner four-gap and‘outer six~-gap chambers effected the con-
version of y-rays from the Z% - A% +y decays. Spark resolution was
0.75 mm for tracks normal to the spark-chamber plates,

From Fig. 2 it can be seen that a bona fide event is expected to
lead to six charged particles. in the final state, with two of them (electron
pair) very close together, The triggering logic therefore demanded
simultaneously (a) an incident pion, identified by scintillation and
Cerenkov counters 1n the beam, and (b) five or more 'time—coillciclent 0
particles emerging from the hydrogen target. This latter requirement
was accompli’shed by surrounding the spark chambers with an array of
48 continuous scintillation counters whose signals provided thé inputs
to an addér—discriminafor.

Figure 2 shows the experimental apparatus. Views of the various
chambers have been taken from a photograph of an actual event and super-

imposed on the drawing., Sparks appearcd to be twice as intense in the
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direct view of the semicylindrical chambers as in the stereo view. llence,

neutral-density filters were used to egualize appareﬁt spark intensitries.
The-sjrstern ;&/as designed to minimize systematic errors in
several ways: the liguid hydrogen target, spark chambers, and de-~
tecting counters had both up-down and left-right 5yn11ﬁet1‘y. The spark
chamber electrode supports and the fiducial boxes were accurately
machined, and machined fidulcial me.irkings permitted optical alignment
of the mifrors and spark chambers with the camera boresight. Im-
perfections in the chambers could cause local but not systematic spark
position errors. (Spark broadening from small imperfections was ob-
served.) Symmetry between the two possible images of some sparks in
the stereo view provided a good test for systematic errors. None was
observed. Large scale optical distortions (e. g. those distortions
caused by the field lenses) were corrected using the accurately located

fiducials recorded on each frame.

I1I. DATA REDUCTION AND ANALYSIS

From 1.2 million photographs, 304 unambiguous Z°K° .events
were obtained. The A® and K° decay vertices were not usually in the
visible region of the chambers, so it was most practical to measure
every event with four .charged secondaries and an apparent conversion
pair, unless the four tracks flormed a star or a kinematically impossible
configuration, Hence anv event was measured if it had four tracks kine-
matically consisteﬁt with production of a neutral péir at a point in the

hydrogen target, plus gamma conversion electrons emerging from a

“point in the lead. The only events excepted were stars; the scanner
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rejected these if extensions of all four secondary tracks and the beam

pio:d track passed through a 1/8~in., ~diam circle, This procedure pre-

vented loss of events from judgment errors in scanning,

The SCAMP digitized-_measuriﬁgv'projectors with magneti»c—tapé_'

storage were used for the film measurements.
It should be noted that in this cylindrical geometry the straight
particle tracks do not in general’ap‘pear straight in the stereo view,

‘where the sparks are seen after ta.ngential‘re‘flevctic.)ns. The track.

images are sections of hyperbolas. Most tracks, however, appeared. -

nearly straight, and were reconstructed by using the tangents at both -

ends of each track image.

There was sufficient information to do an overall 1C fit. How-
ever, to minimize programming problems a simplified procedurc, ade-

quate to eliminate background, was adopted. Each measured event was

checked for cohsistencY and for rough kinematical fit. The approxi-

mately 710 events surviving these preliminary checks were subjected

" toa x test. The chosen \X; function was based on a simple fitting

procedure which iteratively adjust'ed the angles of the four tracks from

the A° and K° decays. Because the momentum and position of the
incident pion were a.cc':urvately measured and because the kinematical
fit is insensitive to the y-ray parameters, these tracks were not ad-

justed in the fitting procedure. The 2 function used was
2

Z "Oi -'Ooi @i_q_ji) .
i S0 NGO ) T O\RTEY ) (1)

where &.° and Bio are respectively the measured azimuth and dip

1

angles of the ’ith track,’ (1<i §4),. @i and ()i are the adjusted angles,

Y

I
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and the angular uncertainties Py and o, were estimated as functions
of plate—to~traék angles in dip and azimuth from measured values of
spark scatter and width; other errors were assumed to be negligible
by comparison. For examnple o, varies from 2.2 deg in dip angle at
zero dip angle to 4.8 deg atfa 45-deg dip angl‘e; and h isb 2.2 dveg in
“azimuth for a radial track and 3.3 deg for a track at 45 deg to a radius,
These examples apply to tracks seen only in the inner 4-gap chamber;
errors were smaller for tracks seen in both chambers.

The distribution in ¥ 2 obtained for all events was as expected
except \that it included an excess of events with relativeiy large values
for. x 2. Efforts to associate 2 dependence with particular track
. geometry or other variables were unsuccessful, with one exception.

It was found that large x 2 was often cofrela_tted with events in which

the scattering angle in the lead predicted for at least one secondary was
larger than the assumed measuring error. When events with a predicted
scattering angle (based on a fit or near {fit) larger than the measurement
error were remeasured using the innef (unscattered) portion of the track
only, the ¥ 2 distribution improved somewhat. |

Approigimately one-seventh of the mieasured events were acceprable
for the X° polarization analysis. Of the events that failed to pass as -
»°K°, approximately half were judged to have gl‘osé qualitative _defecté
that made questionable their original selection by scanners. The rest
were a.ttributeci mainly to stars with single secondary sca.tteri.ngs and to
events with inultiple beam tracks {the beam chambers had better time

resolution than the semi-cylindrical chambers).



-6- C UCRL-16089 Ruv. 2

’

To avoid‘ various scanning and triggering biases for the dif-
ferential cross-section analysis, a geoinetricz-il cutofl was ixﬁposed.’ '
About 3/5 Aof the sample for the iaolarization measurement survived
the cutoff and were used for the differential cross-section analysis., The
detection efficiency of the system, which was particularly low for for-
ward Z° production, was eva].ﬁated with a Monte Carlo computer pro-
‘gram as a funéfcién of hyperon center-of-mass (¢c.m. ) producition. angle
énd pioﬁ beam momentum; the results were used to cofreét the observed

,ahgular distributioﬁs to obtain tile anéuiar distributi.ons pres_evilted. here. ‘

| In the method used, a 20K event fbr a particular 2}'0 producu.on
angle was gen.erated, bésed on random number seiection of the X° pro- .
duction point in the target, »0Ke prodx.lction plane orientation, and
‘A% and K° path lengths, decay azimuths, and polar angles. With all
the tracks thus determined in space, t_he geometry of the chambers and’
counters deter'mined whether the event would have béen detected. The -
‘Monte Carlo-generated events Vth‘at’ satisfied the detection geometry wére
analyzed by the fitting program .to determine XZ values for every possible’
assignment of track labelé, Ambiguities are possible in the- %0 énd A°
decay é,ngles, as well as in‘part‘icle identification, particzular‘ly becausc
there is no indication of the charge or momentum of individual parvticles,
Unamioiguous cases only (i.e., unambiguous szithin 'ou'r resolution) were
inciudéd in the final samples of bc’ﬂ:h Monte Carlo and real évents. The
only overs\imélifiéatiOnslmade in this anaiysis are (a) errors in track
-measurement were neglected in the Monte Carlo events before analysis
by the fitting program, and (b)' in the analysis of the angular distributions

the Z%'s were assumed, to be unpolarized, This latter assminption could
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not‘a].ter significantly the angular distributions because of the synunetry
of the experimental apparatus and the insensitivity of our detection effici-
ency to the 50 polarization,

Background was studied with the Monte Carlo pi-ogram for vari-
ous types of events that could sizﬁulaté 29K, Events generated in this
way were tested for ZOKO fit. In this manner the probability that
A’K%® could simulate Z°K° was ‘found to be ~ 20%. IHence A°KOwu?
backgro‘und was judged not to be troublesome because (a) the A%'s are
not likely to be po].arizevd in a way that would distort the ai)parent b2l
polarization, and (b) the A°KPT® cross section is low {(~0.01 mb
at these enefgies). We estimate that there was less than 1% A°KOw®
contamination.

Production of A°K® plus an accidental y-ray could simulate
2%K°, Such background would be particularly troublesome because the
A° polarization could distort the a?pparent =% polarization. The
measurement of siﬁgle beam tracks at high intensity showed less than
1% of these events with tracks resembling y—réy conversions. The
Monte Carlo analysis shows that the probability that A°K°y simulated
3%K® is 15%; hence contamination from such events should be
50.15%. - | - t

Contamination by pT w n w0 and pr mimy were estimated to
be insignificant _because of the small productiox; crdss sections involved,

The‘selected’ev‘ents were tested for anonnlalies that would indicate
biases or scanning inconsistencies. The spatial distribution of all
measured particlé tracks was inspected for irregularitics and was

compared with a Monte Carlo calculation of the expccted distribution.

i
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The intersections of all measured tracks with the counter array werc
/ . B - . .
calculated; analysis showed that there were no biases from couiter

- N . . - 0 . . . . . -0 .
inefficiencies. The A~ angular distribution in the Z° c.m. system

P

&

was found to be isotropic as expeccted. The observed pion angu].a.r distri-

bution in the  K° c.m. system for the experimental sample agr.e.e’d.- well
with that predicted from the covrresponding Monte Carlo sample. The
distribution of the beam-interaction points in the targetﬂwas alsg as
expected.  Aside from a failul..‘ev of the scanners to detect 1ar'ge scat‘—
terilﬁgs in the le.ad, as noted above, the only’ scanning’ bias found was _
égainst events with a decay in the spark chambers., This bias was

found and co'rrectéd by elim'ir.lating the events that decay in the chambers
~ from both Moﬁte Carlo and réalvevcnts;

The polarization analysis used a maximumn-likelihood function

based on A° ‘decay as an analyzer. In particular, the A polarization is

Pae- Pz bR | G

where P is the =% polarization and k is the direction of the decay
'y ray in the Z°% c.m. system. - The A°-decay angular distribution is
given by

| 1(6) = (1/2) (4 ta, P, cos 0 (4
where O is the angle in the A® c.m. system between the direction of

A° polarization and the momentum of the decay pion; the experimental

8,9

value of a, is -0,62+,05.

The likelihood function used was

£ 5> 1 o e ey
A ey Py) =1 [1-0a, P, (N,i ..ki)}: (k, « ko)Al - (5)

»~.

where 1 denotes the ith event, l'\i is the y-ray momentum from
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Lod

Eq. (3), N, is the direction of P, kn‘ is the momentum of the decay

pion, and the outer subscripts refcr to the appropriate rest systern {or

computing each kinernatic factor., Errors associated with valucs of

aA Pz found in this way were taken to be the half-widths of the likeli-
A -1/2 . : '

hood functions at e of the maximum heights,

IV, RESULTS

A. Total Cross Section

The distribution in pion beam momentum of all events_is shown
in Fig. 3. The average production cross section for thzse events is
220+20 pb, in excellent agreement with Binford's values of 264425,
229x20, and 209425 pb at P, = 1235, 1277,'and 1326 McV/c respectively.
For our data it w‘a‘s impossible to measure the energy dependencé of the
production cross section, becausec the‘ momentum distribution of our in-
cident beam was not well known.

B. Angular Distribution

Our angular distributions, along with those of other experi-
10-12 - . |

menters, are shown in Fig.4. The smooth curves represent
cosine power-series fits. Although satisfactory fits with lower order
were obtained in some cases, the third-order fits are shown becausc
these were always satisfactory and hever worse than the lower-order fits,
and because it is thereby possible to compare our data with Binford's
at 1225 MeV/c and above, where third order was required. For purposcs

of comparison, our angular distribu‘ions have been normalized to 228 pb

at 1275 MeV/c and to 225 pb at 1325 and 1365 MeV/c. 13 Table I lists

the cosine-series coefficients as functions of beam momentum (sae Fig. 5).

10
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C. DPolarization
Figure 6 shows the 50 polarization as a function of the ¢.m. ' .

production angle of the. =0 with the events divided into four momentum

>

~bins and two production angle bins. We note that the 50 polarization
averaged over all events is very small, Statistically significant polari-

" zation is s=en, however, in the backward hemispliere of %0 production

at 1325 MeV/c; the valus obtained is ay\ Py= - 0.71*_’:32 . The errors
are statistical onlky. | |
D. Discussion

The existence in the distribution at ‘122‘5 MeV/c of large co-33.0‘
terms that are not present at 1170 MeV/c has been attributed by
Bi.nfordio to intei‘fere_nc.e of 51/'2 and f7/2 amplitudes. The f7/2
amplitude'is as suxned_to be large because of the 1.920~M‘eV N?/Z
(T = 3/2) resonance, which is centered at‘ 1480 MeV/c in % momentum
and has a half-width of 200 Me.V/c.. With a partial-wave analysis ugmg
s, p, and d '\}vaves only, Carayannopoulous et al.” find a simiﬂlar changev
in the odd—-cosine series coefficients between 1111 and 1206 MeV/c
in T+ P -zt 4kt (pure T = 3/2). 14 This seems‘ to support
Binford's interpretation. The angular distributions fo'una in tihe ‘-presgnt
experiment also support Binford's interpretation, because the odd-cosine-
series coefficients continue to dominate up to 1376 MeV/c, We note, how - v
ever, thaj.t the =° polarization seems to change rapidly in the 1200-1400
vMeV/c region, Figure 7 shows the fore’ward—back_ward asymmet;ry (the
difference b_étweeﬂ —f“z, averaged over the forward hemisphere and _132_
averaéed over the b-ackw.ard hemisphere,) Although the data are not
statistically con)}l)elling,' this fdnctioﬁ appears to vary greatly with -

' energy. Because the polarization is not likely to vary rapidly with '
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energy if the angular distribution is dominated by a single interfcerence
term involving a broad resonance, the data suggest that the interaciion

may be more complicated than simple s /2" f?/Z 1n.te1’£ol'§11.ce.
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Table 1. Coefficients of cosine power-series fits for m_ + p=2° 4+ K°,

Momentum : : v _ ' N '
 (MeV/c) 1129 1170 1235 1277 1275 1325 1326 1365 1605
Reference Binford?® Anderson Binford® Binford® This Exp't. This Exp't. Einforda This Exp't Schwartz®
AO 13.2x1.4 12,.8x1.5 14,2+2,2 13.3%£1.8 17.7£5.7 : 13'.4i3.0 12.6+2,2 15.5+3,6  4.4+1.2
A, 0.722,0  3.8+2,2 17,76, 24,15.8 8.1£15.9  23.329.7 19.0£7.3  19.9%11.8  0,7%6.3
A, 22.8+4,1  20.8+4.3  20.4#6.6  14,8+4.8 1.4+23,9  13.4211,6  12,1#5.9  7.0%11.8 1211
A3 ’ -32,249,5 -42.2+9.5 -24,2437.4  -33,5%19.2 -34.8212.0. -36.8+22.8 49+29
A, ._ | | | 6+15
AS ‘ . ' _ ' _ —7'7i2.9"
No. of ' 738 $ 322 257 315 . 44 78 . 168 50 1147 ’
events ' -
Normal- L Ld _ a a *
. . 26215 248 264+25 229+20 2287 225 200+25 225 121
1zation _ o . ]

Reference 10.
Reference 11.

Reference 12,

po oo op

Not a2 measured cross section,.

AN 6809T-THON
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FIGURE JJPJGENDS

1, Plan view of apparatus and optical arrangement.

2. Schematic diagram of counters and spark chambers, with a
photograph of an event supcrimposed,

3. Momentum histogram of incident m ‘for events used in the
angular-distribution analysis and total-cross-section calcu-
lation.

4. Differential cross section for T + p ~%%+ K% The solid
curves represent cosine power-series fits from Table 1.

5. Coefficients An’ from Table I, of cosine power-series

n "
do /dQ = Z An cos 0 as a function of beam momentum; a
‘ 5 .

denotes Anderson, b Binford, ¢ this experiment, and
d Schwartz,

6. Sigma polarization in the form an Py, vs %% ¢.m. production
arigle for the 7 - beam momentum intervals shown.

7. TN PE

an P)_" for the backward hemisphere as a function of pion becamn

for the forward Z° production hernisphere minus

momentum,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








