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Angela S. Barbaro-Galtieri, Frank T.VSolmitz, and Robert D. Tripp
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University of California
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ABSTRACT
An analysis has been made of 64 600 events of the type K_p - K-p
and 22 800 events of the type K-p - ion in thelBerkeley 25-inch hydrogen
bubble chamber. Differential cross sections have been measured in
intervals of 10 MeV/c over the momentum range 220 to 470 MeV/c. Legendré
polynomial fits to the distributions have been made,and the coefficients
show structure from the resonant D-wave A(1520) and bégkground S- and

P-waves. No new structure is observed. The total K p cross section

determined from measurements of all final states seen in this exposure

is also presented.
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I. INTRODUCTION

This papér is one of a series of papers describing a detailed study
of the K-p chahnél in the region of the A(1520).l The results are presented
here on the elastic .and charge final»stafes. Samples‘of 64 600 events of the
type K-p > th wére obtained in the Berkeley 25-inch hydrogen bubble |
chamber. The incident moﬁeﬁta range from 220 to 470_Mev/c.

In Section II we aescribe the experimental pfopeduxes and correc-
tions appliedvto the data to accoupt for scanning and measuring losses.
‘Section III presents the cross sections for these channels and ﬁhe results
of Legendre‘polynomial fits to the prodﬁction anguiar'aistributions. The
sum of the cross sections for the elastic and chargé exchange reactions
and reactioﬁé bréducing hyperons measured in the same exposure yield new

K p total cross sections.

II. EXPERIMENTAL PROCEDURES

F?om-aﬁ éxposure of the Berkeley 25-inch hyarogen bubble chambgr
to a K beam we have-obtain"e.d‘l.3><'106 pictures. The beam has been fully
described elséwhere.2 Typicélly each pictﬁre cdntéined six K tracks and
two background‘tracks. The ba;kgroﬁnd cohsisted of pions, muons, and
some electrons. Background traCks had close to minimum ionization and
were thus easily distinguishéd from tﬁe K tracks,»which at our momentum'
have about three times minimum jonization.

By movgment of the farget and bf use of.a be;yllium'beam degradér,
' we were able to obtain K momenta between 220 and 470 MeV/c. The data
were taken with 24 different beam settings. However; most of the path-

length (Fig. 1) occurs close to 395 MeV/c, the momentum required to form

the A(1520).°
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A. The ion Final State

The fiim was scanned for all topologiesrincluding those with a zero
prong and vee; The pathlength distribution determined from tau decays of
the beam4 is shown in Fig. 1l(a). On the basis of ionization the scanners
distinguishéd between vees from the decay K" > ot and those from the
decay A - pﬂp. All of the film was scanned once, 38% was scanned twice
and 7% was scanned three times. All events within a’restricted fiducial
volume were measured with the Spiral Reader or Ffanckenstein measuring
projectors. The kinehatic reconstruction and fits to reaction hypotheses
were performed with the programs TVGP and SQUAW. The vee for events
sqanned as EO (M) was first fitted to the decay K® > ﬂ+ﬂf (A~ pﬂo). The
incident beam was ﬁsed to determine the direction of the neutral, makiné
this a three constraint fit. If the fit.to the decay failed then the
opposite type vee was tried. If both failed then fits to three-body K?
decays were tried. Those events which passed a.three-constraint decay

fit were then fitted to the production and decay
K—p + K’n ’ K’ > ﬂ+ﬂ_ (1)
K p~> A+ missing mass A ~» pﬂo. (2)

Events which failed to fit any reaction hypothesis'weré remeasured until
94% of those scanned as Ro and 96% of those scanned as A passed. The
remaining events were generally unmeasureable due to obscuration. of a

track or the présence of a very short track.

of those events scanned as K°, 6.1% had a better'confidence level
for a fit to the A production and decay. Of those scanned as A, 1.4% had

a better fit to the K' production and decay.
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Only those events which had a confidence levei greater than 0.01
were accepted for_further analysis. This sample included 29 109 events
Which fit ohly feéction (1), 70 815 events which fit only reaction (2},
and 824 events which fit both reéctions. Comparison of the confidence
- levels for thoéé events fitting both reactions shdﬁed.that in most cases
one bf the tﬁo fits was much preferred. Aﬂ ambiguoﬁs'event was-considered
to be the preferred reaction if the éonfidence levél ratio for the fits
was greater than 5.0. Reexamination of a sample of these events sho&s
this to be a éqod criteridn. df the 824 events 82.were accepted as K’
events, 712 as A events. The remaining 30'truly ambiguous events were
gimply eliminated from the sample since they wére_ohly a negligibie number.

To insure sufficient trécklengths for a good measurement of the EP
momentum, further restrictions were made on the fiducial voiumeS'fér the
production ;nd décay vertices. These reduced the sample of K® events to
26 235 zvents. To account for a scanning loss of short lenéth RO;S, all
events with arprojeCted length less than 2.0 mm were eliminated and the
remaining.22 829 events were weighted to account for the cut. The weighting
also accounfed for loss due to escape from the decay vertex fiducial volume.
The mean weight was 1.27. Further iosses were investigated by looking at
the distribution‘of the decay W+ in the K’ rest frame. Anisdtropy in fhis
distribution*wds found coming from‘the.loss of events where the K° decay.
plane is seen edée—on by the scannér and events where Fhe ﬂ+ travels |
along thé K° liﬁe of flight.. A section of the decay distribution with :
highly visible events was assumed to have 100% detection efficiency. A
comparison of the density of events within and outside this section yielded
a weight to account for the losses. This correction 'yielded a final

sample of 30:697 weighted events with a mean weight of 1.34.
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The lifetime distribution of the Eo is shown in Fig. 2. 1In order
to remove the effect of the cut on short-length K%'s the events have been
plotted as a function of (t—to) in units of the known K° lifetime. For
each event, t; is‘given'by 2.0 mm/nchocos)q where n is the ratio of
the K’ momentum to its mass, and A is the dip angie. The distribution
is consistent with the line corresponding to the known lifetime (0.866 X

10-10 sec).5 Figure 3(a) shows the distribution of errors in the incident

K momentum produced by the fit by SQUAW.

B. The K_p Final State

The two=-prong topology was scanned for in 17% of the film. The
sections chosen for scanning for this topology were distributed in
incident momentum ,and the pathlength distribution was determinéd from
tau decays of the beam aS»shownkin Fig.'l(b).' Sixty-two percent of this
film was scanned a second time and 11% was scanned for a third time.
About one~fourth of the incident beam consisted of negative pions, muons, or
electrons,ahd gcanners excluded ﬂ—p interactions on the basis of ionization.
In addition, tﬁe scanners were asked to flag the outgoing positive tréck
as "proton" or "non-proton" on the basis of ionization; 5% were flagged
as "non-protonL"

All scanned events were measured ana fitted to a variety of mp and
Kp reaction h?pétheses. Since.the center of mass energy is low the number
of possible final states is limited. Up to 16 reactién hypotheses’were
éried. :The;e included eiastic scafterings, pion prqduction, and hyperon
production -(where ‘the hyperon or igs decay products had zero—leﬁgth trécks
and could thereby simulate.a K p elastic topology) - ' Events which failed

to fit at least one hypothesis with a confidence level greater than"0.01
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were remeasured:until 98% passed this criterion. .To éllow sufficient
track length for a good measurement, only events within a restricted
'fiducial volume.were acéepted for further analysis. These yielded a
sample of about 80 400 events. Of these 80.7% fitted pnly one reaction
hypothesis, 18.8% fitted two reaction hypétheses, andFO.OOS% fitted three
or more reactiqnphypotheseS.

To reduqe'the ambiéuiﬁiesva cut was made on the proton lab momentum.
Events with a proton lab momentum less than 100 Mev/c‘(corresponding to a
track lenéth o£ 2.8 mm) were éliminated. This cut corresponds’tb a cut
in the center of mass production'cosine which varies from 0.765 at 225
MeV/c to 0.930 at 465 MeV/c.

of tﬁose_events fitting only one hyPOthesis} 85% fit K_p > K—p.
The‘remaining 15% of the events were'studied_to see if £hey were poorly
measured X p elaétic scatterings. Many of these fit ﬁp elastic scattéring.
Where track ionization information was available from'the Spiral ‘Reader
measurement, this was used td'estimate_the number of K_p elastic events
in the sample; Aboﬁt 1% of the 15% did have a low.coﬁfidence level (< 0.01)
for the K-p elaétic hypothesis;and‘these low confidence level events were
included in the final sample. On the baéis of ionization infotmation and
reexaminaiion. of the events on the scan tablé we estimate an additiOnal
2% of the 15% are true K—p elastics without a fit to that hypothesisx

Of those eévents fitting two hypotheses, 91% have the K p elastic
hypothesis as one of two. Most of the ambiguities are with the E+ﬂ— final
- state where the'2+ is zero length, the ﬁ-p final state, and the T p, m°
final state. On the basis of confidence'leyels‘and measured‘ionizétion
informétion, all but 1% were accepted at K—p_elastic events. The remaining

1% were ﬂ-p elastic scatterings. A small number of events where the
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scattered K decayed or elastically scattered again were described by the
écanners as charged ¥ production and decay. A negligible number of these
events satisfiéd the cuts.for elastic scatterings. |
The.aboye separation of hypotheses yielded_a sample of 64 600 K-p
elastic scattérings. This sample of events showed a loss of events with
short protonltracks in a plane seen edge-on by the scanner. The azimuthal
distribution of the scatﬁered proton about the beam was used to measure
this loss. The distribution was divided into up—downAand left-right
e&ents and,assﬁming 100% detection efficiency for the left-right events;
é weight wasveStablished as a function of proton laboratory momentum.
The mean weight was 1.07. The distribution of errors in the fitted

‘incident K momentum is shown in Fig. 3(b).

C. Cross Sections

The érqss sections for these reactions were defermined from a
.pathlength based on tﬁe‘tau decays of the beam. The analysis of these
taus has been described in a previous publication.4 The numbers of both
taus and K''s were both corrected by factors of 18.0 and 2.88, respectively,
for unobserved decay mcdes using the known branching fractions.5 All

events have been corrected for measuring losses and scanning losses.

The scanning efficiencies were determined from the multiple scans by
using an‘exiensioﬁ of the method developed by Derenzo and Hildebgand.
The analysis accounts for the differing visibility of events by parameter-
izing a visibility function £(v); f(v) being the fraction of the sample
seen with an efficiency v, whgre v varies from 0.0 to 1.0. The extension

used for this experiment defines a different visibility (vl, Vz' and v3)
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for eaéh of the three scans. The events found on each of the scans are
fitted to determine the parémeters of the functiop f(vl,vz,v3)‘which is
then used to.calculate the efficiencies after one, twq.and three scans.
Details of this analysis can be found in Reference 6.

Those events satisfying the cuts described ébove and in regions
of high visibility‘were ﬁsed to determine the scan effiéiéncies. The
overall efficiencies wére 0.92 and 0.98 for chafge:exchange and elastic
events reSpecfiVely.

Additional losses were due to measurement failures. For each '
reaction these1ﬁere divided into two groups.. The first group inélﬁded
events whicﬁ'failed for reasons independent of their configuration, such
as bookkeepingierrors or.obscuration of the vertex by flares or overlapping

~beam tracks. Mbst of the events were in this group and we assumed that
these events had.the same configuration and passing rate as those events
which were'suceessfully measured and fitted. To account forllossgs of
this nature the measured events‘were increased by 1;095 and 1.042 for thé
charge exchange and elastic events respeétiﬁely. A second group of events
were measured and failed to fit a reaction hypothesis for feaspns,whicﬁ.
coula dépendvon the track confiquration, such as‘ého;t tracks. The raw
measurement information was used to check whethér these events passea the
cuts apPlied to the passing events. To account for losses of thisitype
the meaéurea events were weighted by 1.009 and 1.012 for the charée
exchange and elastic.events respectively.

Finally, the fits to the angular distributions (described belqw) of
the K p elastic'weré used to calculatg the fraction ét each momentum of
‘the K p évents which had been removed by the cut on scattered proton

momentum. These fractions were used to correct the elastic cross sections



for this cut.

Comparieon Qf the cross sections of events from different beam
settinés disclosed a systematic efror which had been introduced by beam
averaging of‘the individual events in SQUAW. Forieach of the 24 beam
.settings an average beam momentum was determined froﬁ the taus, and for
each event this beam momen tum was averaged with the measured momentum of
the K;‘track before kinematic fitting. This beam averaging procedure was
applied to all events including the taus which were used to determine-the
.pathlethh. In general, the track momentum‘resolutions differ for eachﬁ
topology, and consequently the ability of the fit to constrain the K
incident momentum varies with topology. The beam averaging procedure then
affected the K momentum measerement differently fer different topoiogies.
As a result the ﬁomentum distributions of the events were distorted,aﬁa |
the cross sections from events in the centers of a momentum distribution
differed from these based on events at ﬁhe edges of a distribetion. The
experiment of Berley et al.,7 which measured the charge exchaﬁge reaction
in this momentum region, also found cross sections and coefficients from

. .

different runs to be inconsistent (see Figs. 5 and 7). Using the known

‘ : , v
beam averaging procedure and the known error distributions, we derived an
algorithm for cor;ecting the cross sections and Legendre coefficients.
The algorithm also included an unfoldinq of the uncertainty in the beam
momentum. The algorithm was applied to fhe datah and the resulting cross
sections‘from differeet beam settings agreed well. The changes in thev
final cross sections and cqefficients avefaged much iess than a standard )
deviation. A few poihts were changed by as much as 1.5 standard deviations.

All the results described in the following section have been corrected.
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III. RESULTS

A. Charge Exchange

The éVenﬁs were binned in intervals of 10 MeV/c incident momentum;

and the angglar.distribution for each interval is shpwn in Fig. 4. The

curves are from fits described below. The differehtia} cross sectioné are - .
listed in Table I. Below 310 MeV/c the distributions are consistent with
_being linear in'cose. In the region ﬁear 390 MeV/c the distribution
becomes strongly peaked backward and forward showing-ﬁhe 00526 dependence -
from the resonant D-wave [A(1520), 3/2° ] and its interference with a large
S—waﬁe backgroﬁnd. As the momentum increases through the resonance region .
the cross sectién is first peaked more forwa;d'and then becomes peaked
more back&ard'as the resonant D-wave interferes first constructively and ‘

then destructively with small background P-waves.

The maximum'likelihood technique was used to fit each distribution
to a ngendfe polynomial expansion. The resulting. fits are plotted as
curves over the data in Fig. 4. The Legendre coefficients are listed in
Table II and plotted as a funétion‘of incident momentum in Fig. 5.9'Also
shownvare the data of Berley et al-7 and Armentefos et al.lo  Be1oQ 310,
MeV/c. the expansion. included only AI/AO.

The dominant structure i; seen in the Az/Ao céefficient thch rises
dramatically near 390 MeV/c. The data of Beriey fall significantl§ beidw-‘

‘ours near the resonance. Their data are also internally inconsistent at

rs
390 MeV/c, where they had two overlapping runs. At the highest energies Vﬂ

we match smoothly with the data of Armenteros. The A /A coefficients
1o

show structure in the resonance region from the interference between the

D-wave and background P-waves. Again we smoothly join the data of
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Armenteros and fall somewhat beléw the points of Berley. BAbove 390 MeV/c
we find significant A“/AJ indicating the onset of some'D5 contribution.
Other than thé.structure seen from the resonant D;wave and its interference
with slowly varying background we see no significant structure.

The charge exchange cross section is shown in Fig. 6 and listed in
Tablé I1I. Tﬁé data of Watson et a].,3 Armenteros et al,lo Berley'et al,7
and KimlO are shown for comparison. We join smoothly to the high;étatistics
data of Armenteros at the high-energy end and in general agree with the
other‘experiﬁents. The enhancement from the A(1520) is about 7 mb, and
this implies an elasticity of the resonance of about 0.42, in agreement
with the present world summary value 0.45 + 0.01. A more accurate estimate
of the elasticity from'fhese data will emerge from a full partial wave analysis

of this and the other channels.

The differential cross sections at 0° and 180° have been calculated
from the Legendre coefficients and the total cross sections. These are
displayed as a function of incident momentum in Fig. 6. Uncertainties

are calculated using the full error matrix.

B. K p Final State

The data have been divided into intervals of 10 MeV/c incidept
momentﬁm,,and the angular distribution'fOr éach intefval is éhown in.Fig; 8.
The differential cross sections are listed in Table IV. As in the charge |
.e#change chaﬁnel the major structure occurs in the region of the A(1520),
where the resonant D-wave interferes with the dominant S-wave backgroundi

The distriﬁutions have been fitted to a Legendre polynomial -
egpénsion with 2=0, 1, and 2 up to 320 MeV/c and with 2==O.tov4 above

320 MeV/c. Curves resulting from the fits are shown in Fig. 8 and the
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coefficients are listed with the diagonal errors9 in Table V and are
. ] L 3
plotted in Fig. 9. The data of Watson et al. and Armenteros et al,lO are

shown for comparison. The dramatic behavior in A /A from the A(1520)
. 270 .

peaks higher than the data of Watson et al. The latter's poorer momentﬁm v

resolution diminished the sharper structure we observe. We see a small.
amount of As/A0 above 420 MeV/c, in agreement with Arménteros, and'iittlg
or no significant Aq/Ao. The AI/A0 coefficient shows structure.in the
"region of the A(1520) arising from interference between the resonance
p-wave and a Small‘P;wave background. Our data féli significanﬁly'bélow
those of Armenteros at the high energy end. The diagéhal statistical
errors are plotted in Fig. § and in several places'tﬁe‘points show a
larger scatter thén would be expected on the basis bf‘a low number of
lpartial waves and statistics alone. However, there does not appear to

be Systematié behavior suggesfing‘a reéohance, and the lafge.gcatter is

probably due to remaining systematic biases and/or over-parametrization.

The elastic cross sections are shown in Fig. 10 and listed in Table:

III. The data of Sakitt ét.al;%z Kim,ll Watson et al_? and Armernteros et
al%o are shown for comparisén. Our aata agree well with thase of Wétson
and with the other expériments at the ends of our mbmentum céverage. We
observe about a 5 mb enhancement at 395 MeV/c, in fough agreement with
the charge exchange enhancement with the A(lSZO).

Figure 11 shows the elastic aifferential cross section at 0° and
180°. These have been predicted from the Legendre polynomial coefficients
and the cross S¢ct10n. No Coulomb qorrections have been applied to the
data. The circles on the 0° data are iower limits based on the optical

theorem. These limits are the square of the imaginary part of the forward

scattering amplitude calculated by using the total;K-p cross section described

1]
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in the following section. Within statistics, the cross sections are

either equal to or less than the limits.

C. ‘Totai K_p Cross Section

Ana;ysis has been made now of events from this exposure of all the
kinematically éossiblé final states. The results for the Im, Amm, Imm,
Am, Ay, and Xy final statés are described in Reference 1. We have summed
the cross sectiops for these final states and the resulting total K;p
éross section is shown as a function of incident momenfum in Fig. 12, and is
listed in’Table_III. Shown for comparison are the results of Watson et
al.3 and Armenteros et al.l.0 The A(1520) gives about a 35 mb enhancement.
The only other possible structure occurs in the region near 285 MeV/c.-
The cross section for every final state appears to be 1§wer than those
at the surrounding momenta and thus the total cross section shows this
same effect; ‘We believe this is probably due to a fluctuation in the
pathlength which is used in the cross section for each channel. The effect

represents a fluctuation of about four standard deviations in the number of

tau decays used to determine the pathlength.
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Center of bin

(C.M. Cosine) 235 MeV/c 245 MeV/c 255 MeV/c 265 MeV/c
-0.875 1.22  0.61- 1.75 0.53 0.66 0.23 1.05  0.24
-0.625 1.06 0.47 0.83 0.32 0.79 0.24 0.38 . 0.12
-0.375 1.07 0.48 0.72  0.27 0.76 0.21 1.07 0.23
-0.125 1,36 0.51 1.09 0.35 0.77  0.20 0.83 0.17
0.125 0.58 0.34 1.34 0.36 0.71 0.19 0.75 0.16
0.375 1.06 0.43 .1.09 0.31 0.97 0.22 .0.65 0.15
0.625 0.54 ' 0.31 0.44 0.20 0.45 0.15 0.38 0.11
0.875 0.66  0.33 0.61 0.23 0.73 0.18 0.57 0.13
275 MeV/c 285 MeV/c 295 MeV/c 305 Mev/c
-0.875 1.47 -0.26 0.69 0.15 0.93 0.18 1.06 0.20
-0.625 1.18 0.22 0.57 0.14 0.94 0.17 0.69 0.15
. -0.375 0.79 0.17 0.75 0.15 0.66 0.15 0.65 0.14
-0.125 .0.78 0.15 0.56 0.11 0.57 0.12 0.84 0.15
0.125 . '0.63 0.13 0.54 0.11 0.68 0.13 0.34 0.09
0.375 0.58 0.13 0.54 0.11 0.63 0.12 0.43 0.10
0.625 0.54 0.12 0.41 0.09 0.33 0.09 0.32  0.09
6.875 0.42 0.11 0.31 0.08 0.14 0.06 0.36 0.09
315 MeV/c 325 MeV/c 335 MeV/c 345 MeV/c 355 ﬁev/c
-0.950 0.84 0.27 1.01 0.25 0.61 0.19 0.44 0.17 0.67 - 0.12
-0.850 0.71 0.24  0.53 0.18 0.91 0.22 0.80 0.22 0.51 0.11
-0.750 0.56 0.20 Q.84v- 0.26 0.76 0.20 0.54 o0.18 0.60° 0.14
-0.650 0.83 0.24 1.08 0.28 0.68 0.18 0.33 0.13 0.82 .0.14
-0.550 0.73  0.22 1.29 0.43 0.71 0.19 0.58 0.20 .0.279  0.13
-0.450 0.92 0.29 0.67  0.28 0.82 0.23 0.74 0.24 0.61 0.11
© -0.350 0.34 0.15 0.65 0:19 0.58 0.16 0.68 .0.18 0.67 0.12
-0.250 0.51 0.18 0.67 0.19 0.92 0.20 0.60  0.17 0.60 0.11
-0.150 0.54 0.18 0.64 0.17 0.49 0.14 0.86 0.20 0.49 0.09
-0.050 '0.88  0.22 0.79 0.19 0.73  0.17 0.62 0.16 0.51  0.10
0.050 0.38  0.15 0.98 0.21 0.42 0.13 0.68 . 0.17 0.68 . 0.11
0.150 0.50 0.17 '0.58 0.16 0.31 0.11 0.29  o0.11 0.52 0.09
0.250 0.53 0.17 0.56 0.16 0.49 0.14 0.50 0.14 0.42 0.08
0.350 0.21 0.10 0.61 0.16 0.38 0.12 0.29 0.11 0.46  0.09
0.450" 0.37  0.14 0.38 0.13 0.67 0.16 0.41 0.13 0.25 0.06
0.550 0.46 0.15 0.17 0.08 0.45  0.13 0.28 0.10 0.36 0.07
0.650 ©0.31  0.13 0.4 . 0.13 0.44  0.13 0.51 0.14 0.39 0.08
0.750 0.46 0.15 0.16 0.08 0.40 0.12 0.51 0.14 0.54 - 0.09
0.850 0.35 0.13 0.44 0.13 0.43 0.13 0.54 0.14 0.89 - 0.12
0.950 0.40 0.14 0.57 0.15 0.61 0.15 0.14 0.72 -0.10

0.51
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TABLE I. contd.
Center of bin . _

) (C.M. Cosine) 365 MeV/c 375 Mev/c 385 MeV/c © 395 MeV/c 405 MeV/c
-0.950 © .0.83 0.09  1.27 0.09 2.30 0.1l 2.97  0.14 2.84 0.15
-0.850 0.76 0.08  1.23 0.09 1.95 0.10  2.33 0.12 2.25 0.13
-0.750 0.79 0.09  1.13 0.08 1.54  0.09 1.80 0.11 1.63  0.11
-0.650 0.62  0.08  0.92 0.08 1.09  0.07 1.28  0.10 1.19  0.10
-0.550 0.72 0.09  0.88 0.08 0.87 0.06 0.83 0.07 0.68 0.07
-0.450 0.57 0.07  0.86 0.08 0.81  0.07 0.52° 0.06 0.40 0.05
-0.350 0.52 0.06  0.56 0.06 0.57 0.05  0.36 0.04 0.24 0.04
-0.250  0.48 0.06 0.60 0.06 0.42 0.04  0.20 0.03 0.15  0.03
-0.150 0.53 0.06  0.49 0.05 0.29 0.03 0.09  0.02 0.02 0.0l
-0.050 0.45 0.06  0.33 0.04 0.23  0.03 0.02 0.0l 0.01 0.01

0.050 0.45 0.06  0.31 0.04 0.17 0.02 0.05 0.0l 0.05 0.01
0.150 0.34 0.05  0.38 0.04 0.17 0.02  0.07 0.02 0.11 0.02
0.250 0.39  0.05 0.39 0.04 0.37 0.04 0.22° 0.03 0.17 0.03
0.350  0.48 - 0.06  0.49 0.05 0.52  0.04 0.40 0.04 0.33  0.04
0.450 0.48 0.06  0.52 0.05 0.68 0.05 0.60 0.05 0.56 0.05
0.550 0.51 0.06 0.78 0.06 0.93  0.06 0.96 0.06 0.71 0.06
0.650 0.51 0.06  0.85 0.06 1.30 0.07  1.16 0.07 1.0l  0.07
0.750 0.75 0.07 1.26 0.07 1.71 0.08 1.57 o0.08 1.20 0.08
0.850 0.94 0.08 1.64 0.08 2.10 0.08 1.99  0.09 1.47  0.09
0.950 1.22  0.09  1.94 0.09 2.76  0.10 2:54  0.10 1.75  0.10
415 Mev/c 425 Mev/c 435 MeV/c 445 Mev/c 455 Mev/c
-0.950  2.67 0.19  2.07 0.29 1.93  0.31 1.83  0.32 1.41  0.42
. -0.850 1.72 0.15 1.66 0.24 1.55 0.27 1.00 0.24 0.69 0.28
-0.750  1.15 0.12  1.05 0.2l 0.76 0.19 0.58 0.18 0.74 0.28
-0.650  0.92 0.11  0.61 0.15 0.48  0.14 0.46 0.16 0.10 0.10
-0.550  0.42 0.07  0.42 0.11 0.50 0.14 0.42 0.15 0.00 0.00
-0.450 - 0.34 0.06 0.17 0.07 0.27 0.10 0.19. 0.09 0.21 .0.15
-0.350  0.17 '0.04  0.31 0.09 0.21  0.10 0.24 0.11 0.93  0.31
-0.250  0.13 0.04  0.16 0.07 0.30 0.1l 0.19 . 0.10 0.00 0.00
-0.150  0.07 0.03  0.21 0.07 0.16 0.08 0.19  0.10 0.09 0.09
-0.050  0.04 0.02  0.05 0.04 0.11 0.06 0.10 . 0.07 0.09  0.09
0.050  0.07 0.03  0.10 0.05 0.1 0.06 0.42 0.14 £ 0.00  0.00
0.150 . 0.15 0.04  0.10 0.05 0.18 0.08 0.14 0.08 0.09 0.09
0.250  0.25 0.05 0.34 0.09  0.28 0.10 0.14 0.08 0.18 0.13
0.350  0.37 0.06  0.32 0.09 0.35 0.1l 0.40° 0.13 0.27 0.15
0.450  0.37 0.06  0.51 . 0.11 0.31 0.10 0.31  0.12 0.70  0.25
0.550  0.59 0.07  0.35 0.09  0.51 0.13 0.22  0.10 0.34  0.17
0.650  0.78 0.08  0.57 0.1l 0.44 0.12 0.35 0.12 0.26 0.15
0.750  ©0.80 0.08  0.59 0.1l 0.56 0.14  0.82 0.20 0.19 0.14
0.850 - 1.01  0.09  0.93 0.14 0.89 = 0.17 0.48  0.14 0.51 0.21
0.950  1.16 0.10 1.32 0.17  0.96 0.18 0.70 - 0.17 0.94 0.28
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Table II. ‘Legehdre'polynomial coefficients Al/Ao_for K pé-ion.'

Momentum

(MeVyc) A /A, .AZ/AO A/ A,/B,
235 -0.37 0.28
245 ~0.36  0.20
255 -0.05 0.18
265 ~0.32  0.14
275 -0.60 0.10
285 ~0.38  0.13
295 -0.70  0.11
305 -0.64 0.11
315 -0.38 0.13  0.02  0.18 0.20 0.22 ~0.01  0.23
325 ~0.52 0.11 =-0.09  0.15 0.36 0.18 0.28  0.19
335 ~0:32 0.11  0.09 - 0.14 0.25  0.16  -0.02 0.18
345 ©-0.17 0.12 -0.03  0.15  0.41 0.18 0.09 0.21
355 -0.12 0.08  0.23 ° 0.09  0.46 - 0.1l 0.15 0.13
365 0.04 0.05 0.67  0.06 0.32 -0.07 0.11  0.08
375 '0.13  0.04 1.11  0.04 0.39 0.05 - =-0.04 0.06
385 - 0.11 0.03  1.65  0.03 0.17 0.04 0.03 0.04
395 ©-0.13  0.04  2.00  0.03 -0.15  0.04 0.07 0.05
405 ~0.35 0.04 2.03  0.04  -0.45 0.05 0.09 0.05
415 ~0.49 0.06  1.94  0.05 -0.69  0.07 0.20  0.08
425 -0.39 0.1  1.84  0.10 -0.49 0.13  0.40 0.16
435 -0.43  0.13  1.66  0.13 ~0.52 0.16  0.35 0.19
445 ~0.43  0.15  1.47 0.17  -0.58 0.20 0.54 0.23

455 -0;25 0.25 1.41 0.25 -0.33° 0.29 0.28 0.42
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Table III. Total partial cross sections for K_p*K_p and K_p+§?n, and K-§+all.

Momentum . K_p > K-p K-p + K’n. K_p -+ all
(MeV/c) (mb) (mb) (mb)

- 225 65.41  10.30 16.84 4.72 -- --
235 _ 55.74  5.34 11.75 2.26 - -
245 53.24  3.76  12.25 1.67  113.8 8.0 .
255 . 49.22  2.70 9.11 1.01 98.0 5.3
265 a1 2.27 8.85 0.85  94.0 4.4
275 48.75  .2.20 9.97 0.86 96.7 4.2
285 . 39.42  1.63 6.79 0.59 75.1 3.0

295 41.22 1.86 7.60 0.66  82.5 - 3.5
1305 40.36  2.02 7.32  0.65 78.6 3.5
315 37.02 1.93 6.73  0.59 70.9 3.2
325 40.28  2.06 8.13  0.65 76.0 3.1
335 . 37.84 1.83 7.35 0.53 71.5 2.8
345 v 37.26 1.95 6.67 0.52 71.3 2.9
355 ©34.77  1.79 7.16  0.34 68.8 2.3
365 34,21 1.71 7.69 0.24 70.0 2.0
375 36.67  1.83 10.49  0.25 81.8 2.1
385 . 33.89  1.37 12.95 0.25 °  88.3 1.7
395 38.47  1.57 12.45 0.27 91.6 1.9
405 : 32.06 1.39 10.45 0.28 76.6 1.7
415 32.59  1.67 8.21 0.29 70.7 2.0
425 31.19 1.97 7.37  0.38  66.7 2.6
435 : 26.83 1.79 6.77 0.46 54.9 . 2.5
445 ~ 28.83  2.21 5.72  0.50 55.7 3.0

S 455 30.32  3.16 4.83 0.58 57.2 4.2

- 465 - 31.99  5.92 5.24  1.15 -- -




Table IV. ‘Differential cross section for the reaction Ki p —> K p (ub/sr).

The last entry for each momentum is the cut on the c.m. cosine.

Center of bin
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. 235 MeV/c

(C.M. Cosine) 225 MeV/c 245 MeV/c 255 MeV/c 265 MeV/c
-0.95 3.16 0.91 2.22 0.47 3.32  0.40 3.16 0.28  3.07 0.2
-0.85 3.70 0.99  4.10  0.64  3.98  0.44  3.92 0.3l 3.48  0.25
-0.75 3.18  0.92  2.98 0.5  4.40 0.46  4.19 0.32  3.20  0.24
-0.65 3.98 1.03  4.16  0.64  3.77  0.42  4.04 0.32  3.40 0.25
-0.55 2.66 0.84 4.3  0.65  4.57  0.47. 3.4 0.29  3.67 0.26
-0.45 5.59  1.22  4.33  0.65  4.23  0.45  3.49 0.30  3.63 0.26
-0.35 6.14  1.28  4.62  0.67  3.65 0.42 ~ 3.48 0.30  3.93 0.27
-0.25 7.22  1.39  4.72  0.68  4.78  0.48  3.61 0.30  3.92 - 0.27
-0.15 4.29 1.07 5.21  0.72  3.88  0.43  4.06 0.32  3.05 0.24
-0.05 4.03 1.04 5.60 0.74  4.02 0.44  3.53 0.30  3.77 0.26

0.05 4.03 1.04  4.72  0.68  3.88  0.43  3.46 0.29  3.26 = 0.24
0.15 5.39  1.21  5.71  0.75  4.40  0.46 . 3.66 0.30  3.41 0.25
0.25 6.49 1.32 4.3, 0.65 3.55  0.41  3.83 0.31  3.81 0.26
0.35 6.10 1.30 4.00 0.63 4.89  0.48  3.13 0.28  3.41 0.25
0.45 4.06 1.08  3.63  0.61  4.97. 0.49  4.37 0.33  3.88 0.27
0.55 5.72 1.31  4.11  0.67. 4.0l  0.45  4.34 0.3  3.98 0.28
0.65 6.85 1.50 6.31  0.85  4.74°  0.50 - 3.52 - 0:31  4.59 © 0.30
0.75 7.39  2.05  4.75  0.90  4.89  0.55  3.81 0.35  3.87 0.29
0.85 ‘ 3.99 1.20 3.74  0.62
Cut 0.77 0.78 0.80 0.81 0.82
275 MeV/c 285 MeV/c 295 MeV/c 305 MeV/c 315 MeV/c
-0.95 2,75 0.21  2.01 0.16 2.62  0.20  2.69 0.23  2.58 0.23
-0.85 2.77 0.21  2.73  0.19 2.88 0.21 _ 3.27 0.25  2.78 0.24
-0.75 3.77 0.25 2.69  0.18  2.60  0.20  2.83 0.24  2.49  0.22
-0.65 330 0.23  2.47  0.18  2.48  0.20° 3.01 0.24  2.30 0.22
-0.55 2.98 0.22 2.71  0.19  3.08  0.22 - 2.92 0.24  3.28 0.26
-0.45 3.50 0.24 2.62 0.18  3.19  0.22  2.82- 0.24-  2.63 0.23
-0.35 3.78  0.25  2.76  0.19 - 3.10  0.22 . 3.30 0.25  2.84 0.24
-0.25 4,02 0.25 2.91 0.19  3.78  0.24  3.06 0.2  2.78 0.2
-0.15 3.81 0:.25 3.10 0.20  3.55  0.24 ° 2.71 0.23  2.41 " 0.22
-0.05 4.07 0.26  3.32  0.21  3.22 0.22  3.39 0.26  3.05 .0.25
0.05 3.57  0.24 3.12  0.20 3.39  0.23  3.72 0.27  2.49 0.22
0.15 4.07 0.26  3.02  0.20  3.36  0.23  2.82  0.23  3.00 0.2
0.25 3.7 0.24  3.36  0.21  3.49  0.23.  3.27 0.25  2.88 0.24
1 0.35 3.29  0.23  3.39 0.21 3,33  0.23 _ 3.04 0.264  3.18 0.25
0.45 3.81 0.25 2.91  0.19- 3.48  0.23  2.93 0.24  3.32 . 0.26
0.55 4.61 0.28  2.91  0.19 3.03 0.22  3.59 0.27 ~ 2.73 0.23
0.65 3.88  0.26  3.57  0.22  3.65 0.25  3.23 0.26  3.28 0.26
0.75 4.08 0.28  3.64  0.23  3.25  0.24  3.54 0.28  3.66 0.29
0.85 5.18  0.62  4.05  0.42  3.64  0.39  3.62 0.40  3.16 0.35
0.91 '
0.83 0.84 0.85 0.86 0.87,

Cut
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- TABLE IV. contd.

-0.95
-0.85
-0.75
-0.65
-0.55
-0.45
-0.35
-0.25
~0.15
-0.05
.05
.15
.25
.35
.45
.55
.65
.75
.85

.91
Cut

O O O O O O O 0o o O

425 MeV/c 435 MeV/c 445 MeV/c 455 MeV/c
2.75 0.29  2.43  0.24  2.20  0.26  2.40 0.41
3.26. 0.32  2.32  0.23 2.62 0.28 1.67 0.34
2.14 0.26  1.38  0.18  2.37  0.27  2.7h 0.44
1.89  0.25 1.81  0.20 2.10 0.25 1.77 0.35
2.04 0.26 1.61  0.19  1.95  0.24  2.42 0.4l

2.15  0.27  1.79  0.20 1.86  0.24  1.49 0.33
2.11  0.26 1.20 0.17 1.75  0.23  2.06 0.38
1.56 0.23 1.64  0.19  1.88  0.24  2.27 0.40
1.49 0.22  1.65 0.20 2.10 0.26  3.67 0.51
1.66 0.23  1.82 0.21 1.71  0.23 1.76 0.35
1.31  0.20 1.59  0.19 2.10  0.26  2.37 0.4l
1.86 0.23 1.81  0.21  1.95  0.25 . 2.43 0.41
1.88 0.23 1.91 0.21 1.80 0.24  1.86 0.36
2.30 0.25 2.01 0.22 1.72  0.23 1.98 0.37
2.31 0.25 2,04 0.22 1.85  0.24  1.63 0.33
3.20  0.30  2.35  0.24 2.10 0.26  2.96 0.45
2.95 0.29  2.33  0.24 2.74  0.30  2.00 0.37
3.57  0.32  2.71  0.25 2.84  0.30  2.86 0.44
3.24 0.32  2.84  0.28  3.21 0.3  2.95 0.47
3.22 0.78  3.16  0.63 2.51  0.65 2.64 0.88
0.92 0.93 0.93 10.93

O N W H B N R N WD N WRWR DO N WN

.46
.00
.40
.63

.61
.56
.33

.14
.66
.56
.50
.66
.89
.08
.70
.66
.61
.36

.88

.62

.93

- O O O O O H O FH B O - i+k 0 B b o O

465 MeV/c

.73
.89
.20
.07
.62
.06
.04
.18
.81
.11
.01
.97
.11
.94
.77
.79
.69
.68
.04
.67




-2~

TABLE IV. contd.
325 MeV/c 335 MeV/c . - 345 MeV/c 355 MeV/c - 365 MeV/c
-0.95 2.85 0.23 2.68 0.20 3.12  0.25  2.27 0.20 2.90 0.22
-0.85 2.65 0.22 2,61 0.20 2.78  0.24 -2.92 0.23 3.1l 0.23
-0.75 3.21° 0.24 2.38  0.19 2.70  0.23  2.59 0.21 2.38  0.20
-0.65 2.64 0.22  2.33  0.19  2.94  0.24 - 2.75 - 0.22 2.64 0.21
-0.55 2.42  0.21 2.16 0.18  2.86  0.24  2.46 -0.21 217 0.19
-0.45 2.75  0.22  2.45  0.20  2.25  0.21  -2.34  0.20 1.73  0.17
-0.35 2.81 © 0.23  2.41  0.20 2.73  0.23  2.19 0.20 1.85 0.18 .
-0.25. 2.94 0.23  2.54  0.20  2.46  0.22  2.29 0.20 2.00 0.18
-0.15 2.96 0.23  2.95  0.22  2.41  0.22 © 2.08 0.19 1.62  0.16
-0.05 3.06 0.24 2,91 0.22 2.11  0.20 2.2l 0.20 1.65 0.17
0.05 3.51 0.25 2.51  0.20 2.60  0.23  2.05 0.19 2.60  0.21
0.15 3,50 0.25 2.68  0.21  2.79  0.23  2.57 0.21 1.93 ° 0.18
0.25 3.24  0.24  2.98  0.22  2.68  0.23  2.51 -0.21 2.00 0.18
0.35 3.06  0.24  3.40  0.26  2.68  0.23  2.72 0.22 2.36  0.20
0.45 .2.8 0.23  3.36 0.23  3.32  0.25 3.06 0.23 2.95  0.22
0.55 3.33  0.25  3.29  0.23  3.29  0.25  3.24 0.24 3.06  0.22
0.65 3.72  0.26  3.52  0.24  2.98  0.24  3.50 0.25 3.70  0.25
L 0.75 3.59° 0.27  4.05  0.27  3.37  0.27 .4.28 0.29 4.35  0.28
0.85 3.96  0.36  3.95 0.32  4.63  0.36  3.69 0.30 4.53  0.31
0.91 : :
Cut 0.88 0.88 0.89 0.89 0.90
375 MeV/c 385 MeV/c 1395 MeV/c 405 MeV/c 415 MeV/c
-0.95 3.80 0.24  4.30 0.20 5.01  0.21 - 4.06 0.19 3.27  0.23
-0.85 3.30  0.22 3.58 0.18 4.19 0.19 3.63 0.18 ° 3.13 0.23
-0.75 2.79 0.21 2.79 0.16 3.61 0.18  3:36 0.17 2.86  0.22
-0.65 213 0.18 2.59 0.15 2.87 0.16  2.63 0.15 2.64  0.21
-0.55 2.05 0.18 1.93  0.13 2.19 0.1 2,11 0.13  2.09 0.19
-0.45 1.73  0.16 1.79  0.13 1.5 0.12  1.65 0.12 2.10  0.19
-0.35 1.70 0.16 1.40 0.11  1.35  0.11  1.36 0.11 2.02  0.18
-0.25 1.53 0.16 0.95 0.09 1.06 0.09 1.27 0.10 1.60  0.16
-0.15 1.69 0.16 0.91 0.09 0.93 0.09 1.21 0.10 1.74  0.17
-0.05 '1.38  0.15° 0.77 0.08 0.89  0.09 = 1.02 0.09 1.16 0.14
0.05 1.39  0.15 0.90 0.09 0.80 -0.08 1.19 0.10 1.58  0.16
0.15 1.55 0.15 1.00 0.09 1.15 0.10 1.30 0.11 1.15  0.14
0.25 1.89 0.17 1.29 0.11° 1.16 0.10 1.49 0.12 1.73  0.16
0.35 2.28 0.18 1.78 0.13 1.54 0.12 1.68 0.12 1.78  0.17
0.45 2.66 0.20 2.21  0.14 2.20 0.14 1.97 0.13 1.87  0.17
0.55 2.94 0.21 2.91 0.16 2.66  0.15  2.15 0.14 2.44  0.19
0.65 3.52 0.23 3.5 0.18 3.68 0.18  3.07 0.17 2.49  0.20
0.75 3.92  0.25 4.4 0.21  4.41  0.20  3.33 0.18 3.17  0.22
0.85 4.87 0.30 5.31  0.24  6.23  0.26  4.44 0.22.  3.96 0.27
0.91 5.58 1.44  4.09  0.71 7.01  0.76  4.15 0.51 5.11  0.74
Cut 0.91 0.91 0.91 0.92 0.92

¢

H
i
!
;



vTable'Vm

Momentum
(MeV/c)

225
235
245
255

265
275
285
295
305
315
325
335
345
355
365"
375
385
395
405
415
425
435
445
455
465

=23~

Legendre polynomial coefficients A/AO for K p — K p.

.32
.14
11
.04
.12
.16
.22
11
.10
.15
.21
.33
.22
.27
.39
.35
:35
.33
.14
.15
.21
.26
.17
.15
.10

A /A

1

0

0.12

10.08

0.05
0.04
0.03
0.03
0.03

0.03 -

0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.04
0.06
0.05
0.06
0.08
0.17

A,/A, AL/A, A, /8,

-0.10 0.16
-0.22  0.10

0.02 0.07

0.03 0.06

0.01 0.05
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FIGURE CAPTIONS
Paﬁhiéngth (evenfs/miilibarn) versus incident K momentum (MevV/c)
for_ (a) charge ekchanée ana (b) elastic e&ents.
Distribution of K' lifetimes shifted by the cut imposed to : .
remove the effect of the loss of short length K%'s.
ﬁistribution of the error in incident momentum resulting from.
the kinematic fitting of the (a) charge exchange and (b) eléstic
evehts. |
The production cosine distributions for the charge exchange .
reaction K_p + K’n for events binned in intervals of 10 Mev/é_
incident K momentum. The cufves are from the fits to Legéndre
polynpmials described in the text.
Legendre coefficients AK/A0 (L=1,4) as a.funétion of incident
momentum for the angular distribution in the charge exchange
reaction Kip + K°n. The data of Berley et al.7 and Armenteros
et al,lo are shown for comparison.
Cross section (millibérns) for the charge exchange reactién‘

Kp~> Ron as a function of incident momentum'(MeV/c). The

‘data of Watson et al.% Armenteros et al.];O Berley et al.z and

Kimll‘are'éhown for comparison.

Differential cross sections (millibarns/sx) at 0° and léO° for
the reaction K;p + K% for events binned in intervals of -10 | hf
MeV/c incident K momentum. The curves are from.;he fits to
Legendre polynomials described in the text.

The production of cosine distributions for the reaction K p—>

'K p for events binned in intervals of 10 MeV/c incident K

momentum. The curves are from the fits to Legendre polynomials

described in the text.

"y
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Fig. 9. Legendrézcoefficients AQ/A0 (2=1, 4) as.a function of incidept
momentum for the angular distribution in the reaction Kp~>Kp.
The data of Watson et al? and Armenteros et al.10 are shown for
comparison.

Fig. 10. Cross section (millibarns) fof the elastic séattering K-p + K p
as a functidn of incident momentum (MeV/c). The data of Sakitt
et al.,l2 Watson et al.? and Armenteros et ai.lo are'sﬁown for
comparison.

- Fig. 11. Differential cross sections (millibarns/sr) at 0° and 180° for
the elastic scattering K_p + K p. The.squares are based on the
measurements of the cdross sections and the Legendre polynomial
fits to the angular distributions. The crosses represent the
square‘of the imaginary part of the forward-scattering amplitudé
obtained from the optical theorem and the tqtal K_p Cross sectioné.

Fig. 12. Total K-p cross section kmillibarns) versus incident K

momentum (MeV/c).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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