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ABS‘IRACT

We present cross sectlons for both stable and resonant stra.nge
partlcle flna.l states produced by the interactlons of positive plons
‘1n_ hydrogen. The data are taken from several 1ncident momenta between
3'.56 GeV_/cﬁI and 3.82 GeV/c.‘ We find the overa.ll--strange part;cvle cross
section to be about 1.5 mb. We presen:t. two fa.vbré.ble tests of line _
reversa.l by comparlng 7 p - Y K .with vK-pf—i Y+ﬂ—, ‘where Y+ first
represents Z “and then 2(1385) In a detalled study of the final
| s{cate pr KK, we find: (a) c(n p = pn q)) = lOi3 ub, but 0(1( p A.+cp)
£ 2 pb; '(b) both the A" and the K (890) are promlnent structures in-
this four-body final sta.te, (c) the KK sta.te occurrlng w1th the A is
elther K K or K K- in even parity angular momentum states; however no

11

threshold enhancement is associated with the AT

*on leave from David Lipscomb College, Na.shvilie , Tennessee.



. Table I. Reactions of primary interest.'
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II. SCANNING AND MEASURING

Approx1mately forty percent of the fllm was scanned for all 1nterac—

tions.w1th1n a-given scanning fiducial volume. In the remalnder of thef

-film;;ordinary two-prong events without stopping protons were omitted;

Tn the context of this study, "ordinary" will describe an event with no5
strange particle signature, such as a kink in a charged track, or a vee"

assoCieted with the event. Note that interaCtion vii of Table I OCcurs.

primarily as an ordinary event. We refer to.enyvinteraction topology

havihg at least one kink or vee as a “strange particle event." Each
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topology is -assigned an event type number corresponding to the number
of prongs, kinks, and vees it possesses. (See Fig.>l,)

The first measurement of the evehts was pefforméd~on the Flying

Spot Digitizer (FSD). Geometric reconstruction and kinematic analysis

2

was ddnefthroﬁgh the program SIOUX (combined TVGP ~and SQUAW3).

To obtaiﬁ the beam momentum profile for eachfsection of film, we

- fit the‘ordinary"four-prong events for the following four-constraint

hypothéSeS:.
B »n+p'—>.pn+n+n- | v : A - (1)
n+p —>‘pn+K+K— i ‘ a ‘,(25
PP - ppn+n-‘ . {‘ A (3)

From the sample of events which fit reaction (1) unambiguously,

'ﬁe histogram the fitted momentum of the beam tréck. Then we fit a

GauSsian'function to this distribﬁtion to obtain an avefage value and
a raw root mean square (rms) width. From the distribution of the caleu-
Laﬁed errors in the fitted momentum of the beam track, we determine the
mean_efror; or resolution, of the fitting procedure to be about *0.025
GeV/c. :Thié mean error is then subtractéd invqﬁédrature from the raw
rms widthbto give the final rms width. |

The average value and rms width of the beam momentum are then used

- as input to the fitting procedure through the technique known as "beam-

averaging." TFor each event, the measured beam track momentum and the

mean value described above are averdged with weights inversely propor-

"tional to their respective errors. This "beam-averaged" momentum is

then used for the measured momentum of the beam track in the kinematic

analysis.
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For the-strange.perficle events, the outﬁdfdfrcm the SIOUX program
wa.s compared to each event at. the scan table in order to make visual
1dent1flcat10n of tracks by ionization (track bubble den31ty) and to
correct mlstakes made by the,;nltlal scanner. _Interactlons having only &
- pi decays~and/or electron pairs were removed'frcmaﬁhevstrange particle
.vcategory._TExcept for about thirty percent whichiﬁeresremeasured on the
FSD, falllng strange partlcle events were remeasured on on-llne Francken-
stein measurlng progectors. The above process wes,repeated and a second
measurement was performed on the Franckensteins for those events which
falled agaln. |

The remeasurement of ordlnary events has not been completed at the
time ofrthis writing. However, for about 30% of the fllm,.the ordinary
‘eﬁentsfhaye been processed in}the same mannerfdescribed in the preceding
ﬁaragrefh. "For the remainder of the film, onlytthe first measdrement cf
the ordinery events is available. This sitdaﬁicn has bearing on reection
vii of Table T and on the normalization for cross sectlons.

An accepted strange particle event hypothe31s must satlsfy the
follow1ng criteria:

1.. The coordinates (x, y, 2) of the interacﬁion vertex must satisfy .

-14 = x = +12 cm,

IA

-63 5y

+1h = z

+50 cm, and

A

+20 cm.
The coordinate system is defined in Fig. 2. ' v
2.'.The beem track momentum must lie within'three‘standard deviations
- of the mean value momentum for that region. Similarly the azi-

muthal (@) and dip (N) angles for the beam track must lie within
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three standard deviations of the window defined by

-1.8°

A

Q = 91.20, and

A s 2.0°%

A

:  Before applying thevcriterié,'the values of the momentum,
_azimuth, and dip are extrapolated to y€= 0O to correct for
énefgy‘lﬁés ahd the'curvaﬁure due to the>magnetic field.

3._nTﬁe_geometrié reconstruction is’adequate in the sense that the

‘péint scatter on each track is consisﬁent with the setting error
- plus mpltiple scattering, and‘that the tracks come together at
the vertex within‘the‘errors.

k. The hypothesis is consistent with the track bubble deﬁsities

- as seen on the scan table.

5. _if the hypothesis‘ié a constrained'fit, then‘thé confidence
level is greater thén 0.01l. If the hypothesis 1s not constrained
at the primary vértex, then the missihg mass is consistent with
two or more missing neutrals and the missiﬁg momentﬁm is gréater
than zero. |

Whenimore than one hypothesis are acceptable, we accept only the

highest constfaint hypothesis. The one exception to this rule is the
vcase of A vs Zé hypothesis which will be discussed in the next section.
If more ﬁhan one hypothesis of the same constraiﬁt class are acceptable,
all are recorded and the event is tagged as ambiguous.

The.Scanning efficiency for all events is_determihed by a secoﬁd

- scan of eight rolls. The rescan events are sﬁbjected to the same accepﬁ-
ance griteria as the first scan. After correction fbr vefy low momentum

transfer elastié scatters, the single scan efficiency for finding an
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event is 98% - The statistical error on this number is so small that
systematlc effects dominate the uncertalnty. able IT gives the results
of the rescan for all events. - The scannlng.effic1enc1eS'pert1nent to

the strange particle topoiogies are discussed in the next section.

_Tablé_IIQ Results of single scan efficiency'déﬁérmination.

Accepted events found

on this scan but not Accepted
on the other v - events
. ' found on
. . both scans
Non-elastic - Elastic T Total
First scan 8L 100 o 4177 ‘ 4361

Second.scan - 70 o 59 .3¥l4177_ ' M306

III. CROSS SECTIONS

A. Proton Contamination

Protoms represent a significant source of contamination in this
experlment, espec1ally at the hlghest momentum, 4.0 GeV/c. For this
reason, we omit all rolls containing film taken at this highest momentum.
In the{remainder of the film, those events whiéh fit uniquely the reaction
ppv—>:ppn+n7 were taken as a measure of the proton cohtamination. The
effects of the protons are subtractéd out using.thé information from two
rollé'pf bure préton film and scaling according to the numbér_of uniqué
ppn+mf fiﬁs in the pion film.v To reduce still further these effects;
we alsd remove rolls where the ratio of pp %5 ?pn+n- fits fo all unique
4 prong - k4 constraint.fits'eXCeeds 20%. This removal deletes 20 rolls;

. omittimg;the highestvmpmentum deletes 3lbrolls;- The total deletion amounts

"to about 20% of the film.
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Fortunately, the strange partlcle productlon‘due:to'proton-proton
1nteract10ns is small in the momentum reglon of our experlment.LF There—
fore the ma jor effect of the proton correctlon on the pion strange particle
cross sections is in the ncrmalizatlon through the subtraction descrlbed

in the preceding paragraph.

B. Norxnal_ization

In principle, we vant to normalize the total-number of accepted
events to the known total cr6ss section for n+p interactions:as deter-
mined by precision counter eXperiments. vHowever:there arevdifficulties
in implementing this procedure in addition to the proton contamination
" Just dlscussed. As was mentloned 1n Sectlon II, only in L0% of-the film
were all topologles recorded furthermore, only 30% of the ordinary
events have been processed to the same extent as the strange particle
events. In view of thls 51tuat10n, we adopt the follow1ng procedure:

(a) + We use the'number of M-prong events scammed as a secondary
standard for the normallzatlon. Actually, ve want the number
of L4-prong events due to 1nc1dent plons. Therefore for any
sectlon of fllm we con51der, we subtract the number of k-
prongs scanned due to protons as determlned from the proton
rolls and scaled as described above.

(b) 1In the 30% of the film where all events have been processed,
we obtain the ratio of the total number of accepted events to
the totai numberrof h-prong'events scanned.__Again we want the
number of accepted'events dpe to pions; thus we subtract the
number of accepted- events due to protons\as determined from

the proton rolls and scaled as described_above.
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(¢) 1In the remaindef'of the film, the (e%ﬁecﬁed) number of accepted
11 :éventS is given by the ratio from steﬁ (5) multiplied by the
number of 4-prongs scanned in that paftfofﬂfhe £ilm. '
iThé é5Qvé procedﬁre allows us to calculate the total number of
acceét@bleievents'for the section of film we ﬁsé; ,Then this number is
normalizédito the totél cross secﬁion for n+piiﬁtéfactions at thié
'moﬁentﬁ@-  Because our statistiquare limitediﬁé?do ﬁot intend to.
separaté‘the momentum regions, and therefore 6uf_éfoss seétion; will
be averages for the momentumiintervai'épanhed~by the ekperimeﬁt, 3.71%0.15
Gev/c;aﬁ’ : : R : ‘
Thé‘n+p total cross sedtién has been meaéu?ed véry_precisely for
this'ﬁbménﬁum region.5 The value fanges from 28;é mb at oﬁr 1oﬁést
momentﬁm;‘3.56 Gev/é to 28.6 mb at 3.82 Gev/c;.which is the highest
mqmentﬁm‘used in this study. At the mpmentum fépfésented by our largest.
block of film, the cross section is very near;é8.1 mb, which is also
the valﬁg obtained from a welghted average ovefvthe momenta present in
thié'éﬁudy. Therefore we take as our standard érOsS section, the value
28.1 mb.  Table ITIT shows the miérqbarn equivélénts for varioﬁs,sections
of film considered in this experiment. The aétual details of the calculé-
tion ére;presented in the Appendix. It shouid bé noted that the scanning

effi¢iency is not included in the numbers.

et
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Table IIT. Microbarn equivalents for different sections. .

Total sample : - V(O.23hid;boh ub/event
All events processed ' v (0. 712+O Oll pb/event
All events recorded - ‘(O 5530, 009 ub/event

Not all events recorded® . (O.h07t0.007) nb/event

*Omits 2~prongsvwithout stopping protons. -

C. Strange Particle Scanning Efficiency
Losses of strange particle events dne'to scanning inefficiency are

of two types. The first is a missed event' the second is an event which

- is found but is not recognlzed as a strange partlcle event type. The

final state P K K does not suffer from the second loss. Such an event

w1th a decay becomes an ordlnary 4—prong if the decay is not recognlzed

the px K K_ hypothesis is tried whether or not the decay is measured.

In‘view of the high scanning efficiency for‘all.events as discussed
in Sectlon II, the flrst category does not appreclably affect the strange
partlcle events. In order to determine the scannlng eff1c1ency for strange
particies,~we conduct a.special scan over ten rolls. Each roll is scan-
ned by two different scanners looking only for strange particle event
types. These two scans are'combined.with the original scan to give the
total sample of strange partlcle events in the ten rolls. As'before,
these events are subjected to the same acceptance criteria as the orlglnal
scan. This total sample 1s compared against the original scan to measure
the efficiency. New events on the rescan were measured and processed in
the same manner as the first scan. The total number of accepted strange

particle events on these ten rolls is 367.
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Separate eff101en01es are: calculated for these categorles of events:

(a) events w1th at least one vee, (b) events w1th only charged decays,
one of whlch 1s the type hyperon goes to charged plon plus neutral
baryon; (c) events with only charged decays, one of which is -Z - pﬂo.
These efflclenc1es are calculated separately for the section of film
where all events were recorded and for the sectlon ‘of film where some
two- prongs were omitted. Table IV shows these eff1c1en01es. In view
of the low efflclency for hyperon to charged plon decays in .the second
sectlon of fllm, we Wlll use only the flrst sect10n for cross-section

,calculations.

Table'IV. Strange particle single scan efficiencies.

Vee Charged pion de-

Category  events  cays of hyperons  Z = i
All events G oh +
~recorded 'Qigng.Ol. O.89i010h Of73—0.07

recorded

*Omits 2-prongs without stopping protons.

D. Decays

‘In this analysis we consider the followingﬂdecays: '

positive decays = . st o pr® - - (k)
' ot + T

L - nx B (5)

negative decays . 5 - nn o o | (6)

= - Mf o ¢!

L
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neutral decays o K > 7x (8)

Ac - pr | ':rr' ’ (9)

In‘most cases, charged K decays were aiso'measured. . However, due
to the long K lifetime, these decays represent only about 10% of all
K's produced. Therefore, any final state whlch 1s detected by charged
K decaysceione is very_biased-(against fast Kn) and will not be discussed

here.

1. iDeceys,of Charged Hyperons

" For the purpose of determining cross secticns for Z+ prodﬁction only
the decay (5) is used. The decay (4) is eliminated because the angle

between the X and the outgoing proton is small, resulting in considerably

“lower~scanning efficiency than for (5). In the discussion that follows,

we use decay (5) as an example; however the comments apply equally well
to decays (6) and (7).

The loss of events from (5) are due to three reasons. First, e
sigma mey.decay so close to the. production vertex’that the decay is not
visibie. Second, the 1aboratory angle between the Z and the outg01ng
n may be so small that they appear to be one track. Thlrd, the plane
of the decay may be nearly parallel to the camera axis, in which case
the prcjected decay angle in each»view is small and the two tracks
again‘appear as one. The loss due to charged decays outside the decay
fiduciel volume (see next section) is negligible since the baryons are
mostly perlpheral and have shorter llfetlmes than the lambda hyperon

(for Whlch the loss is small, but not negligible)-.
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Tb remedy the flrst effect, we welght each event by the factor
exp(+Tm/T),;where Tm is the proper- time requlred to go the mlnlmum
distancecfequired of a decay and T is the proper l;fetlme of the particle.
The miﬁiﬁﬁm distance required isn5 mm e Kinemetice'GOes hot allow a Z+
to be'pfogccea with a momentum less than abcut 330 MeV/c. This momentum
correspbﬁdsbto e range cf'about 12 cm in liquid'hfarcgen; thus there is
nc value‘of momentum for which the Z+ is never;Seen. Similar statements
can be made for & and = . |

Ib deal with the otﬁer two effects, we look at a sample of events
with the decay (5). TFor these events, Figure 3 shows a scatter plot_of'
_the decay c031ne in the sigma center of mass versus the a21muth of the
decay about the direction of the 51gma. Normally the range of the
azimuth 15 0° to 360°, but here it is shown folded twice so that 0°
means only that the plane of the decay is perpendlcular to the z-axis
‘and 90 means that the plane of the decay contains the z-axis. Although
this plot'should have uniform density, there is a definite depletion of
eventé fer forward decays and.for decays with azimuths near 900. To
correct fer this depletion, we eliminate evente which are in the region
“from O. 7 to 1.0 in decay cosine, or the reglon 80 to 90 in azimuth.
The remalnlng events are welghted by the ratio of the total area of the

plot'to the area of the plot a.fter the cuts.

2. "vees"
The'following decay fiducial volume is applied to neutral decays

(vees):
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© =17 £ x & 20 cm,

WA

!
(%A

\n
A

y 70 cm, and

6=z s30cnm .
Neutral decays outside these limits are ignored,i Also the same minimum
length isvrequired of the neutral track as is required of'chargéd decays.
. R N i “T./7T T/ T -
We therefore weight each vee event by the factor}(e m/ - e f/ ) l.
R l : .
The quantities Tm and T are the same here as for charged decays. The

r is the proper time required for the vee to reach the edge

quantity T
of the decay fiducial volumé., A scatter plot of decay cosine vs decay
’azimuth'do¢s not reveal any appreciable 1dss of neutral decays due to

small éngléjdeCays.

At”the beginﬂing of ﬁhis experiment, it was-nqt clear that aécepting
the higheét consﬁraint class hypothesis ﬁoula properly separate, event
by evenﬁ, the two hypotheses'

+ .
: Ap - AK R . (10)

t (11)

and n+p>** Zon+K

We therefpre acéepted both fits if both passed the criteria set forth
above,'eyeh‘though (11) is a lower constraint claés than (10). The
same pfocgdﬁre was followed for reactions x and xi of Table i.

For éach of the set of events awbiguous bétween.hypotheses (10) ana
(ll), wevtfansform the entire event to the Zo_rest frame. TFor this set
of ambiguous events, we then examine the distribution of the decay cosine
of the photon from the ° decay with respect to each of the three measured

tracks ét the primary vertex«—the beam, the outgoing pion and the kaon.
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The se élstributiohs (Figs. La,b,c) have extrcmely sharp peaks in the
forward dlrectlon, whereas each should be unlform for pure £° decay
Plgure kd shows a scatter plot of the decay coslne w1th respect to the
outgo1ng n*on versus the decay cosine with respect to the kaon, where
events in the forward peak of the beam distribution (Fig. La) have been
excluded. Almost all the events lie near the forward boundaries.‘ We
conclude therefore that all these events belong to hypothesis (lO)

) Flgure he shows the distribution of the decay c051ne with respect to
the beam for those events which fit (ll) unambiguously. There is no
appreciable loss of events in the forward.direction indicating that the
separatieﬁ‘of the two hypotheses is complete.- The cross -section for'
reaction (ll) is determlned from the events which fit 1t unamblguously,
all of the amblguouc events are assigned to reactlon (10). The analogous
aSSlgnment is made for the reactions x and xi of Table I.

The sharp peaks in Flgs. ba-c are qualltatlvely’explained as
follows (we dlscuss the beam as an example, 51mllar arguments apply to
the outg01ng tracks)  In order for reactlon (lO)]tQ simulate reaction
(11), the"sigma—lambda mass difference of about'go MeV must be manufac-
tured by:the kinematiC'fitting process. Since the longitudinal (along
the beam)~ﬁomentum balance is less well determined than the transverse
momentumrbalance, the fitting will increase the beam momentum to give
the necessary momentum to the photon without changing the'other momenta
too much. bThe‘relationship is easily visualized:ln the lambda‘rest
frame where the photon momentum can absorb the'entire change in beam
momentumlwithout changing the other momenta and at the same {ime approxi-

mately give the correct sigma mass. Since the lambda is peripheral,
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the beam is still relativistic andvchanging the ﬁomentum gives an equal
change inpehergy, which makes the beam behave likedthe photon. This
analogy,is-ﬁore nearly valid if the photon.is fbrwaid than if it is
backward;'in either casé, the energy of the-fiﬁéi.state is increased

by the @reéence of the photon, whereas for the baékward photon, the
eﬁergy of:fhe initialvstate is:decreased. Of course this solution does
not give the minimum chi-square so that the o£he?.moménta are readjusted
somewhat. We look at the decay distribution in thé sigma rest frame

because_ip_should be uniform there fﬁr real sigmas;4however this frame

' is practically the same as the lambda rest frame and the sharpness of

the-peak remains.

F. Other Ambiguities

The problem of events which fit more than pne.hypothesis.of the same
éonstraint class as pfesent in reactions iii, viii; and ix of Table I.
The remaining reactions are either unambiguous or'have_at leést one
topology in which no ambiguities occur. We deal with these ambiguities
iﬁ the‘following manner: The number of events,‘N, assigned to one hypoth-

esis is given by an equation of the form,

N=U+fA - (12)
where U is.the number of unambiguous events for that hypothesis, A is
the number of events ambiguous with that hypbthésis, and f is the frac-
tion of the ambiguous events that should actually contribute to that
hypothesis. The fraction f may be obtained from a distribution, as in
the A vs 2° case, or from a topology in which no ambiguities occur, as

for reaction (3) of Table I.. In case f cannot be determined experimentalky,
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it is ass1gned the value 1/2 for double amblgultles, 1/3 for triple
,amblgultles and l/h for quadruplé amblgultles. Then the error assigned
to f is:gio.25 in all three values. |
Wnenjreaotion iii of Table I is'ambignous;iif-is always ambiguous «
with reection.ii for which the K° decays into neu;nel pions. Therefore
' we.can detenmine how many events we expeot forsreeetion.ii from'those
evenfsewhere the Kovdecays intovcharged pions.‘sTnis determination is,
»in‘effecf,.e deférmination_of the fraction f‘inAEq, (12). |
Reaofion viii of Table I represents a uniqne'situation. ‘We have
t0pology where both vees are seen and a topology where only one vee
is sSeen. When only one vee is seem, the event 1s often amblguous w1th
other hypotheses. (See Table VI.) The K Ko system may appear either
- as K x° or K2K2, or as K ‘

11 12

production}- For the KlKl system, we should see'both decays about 47%

of the tlme, only one decay about 43% of the time and neither decay 10%

depending on the quantnm numbers of its

of the»tlme; For the K KO system we should see the X decay about 68%

12 1
of the time. The point is, that in order to determine thé cross section

+ 0.0 o
for pn.Kng, we must use the topology where only one vee is seen. Although

1
we -can determine how many Kl l events are in this topology, there is no
necessery reletionship between that number and the number of KlK2 events.
Therefore;.for the topology in which only one vee-is seen; we resort to
the ass;gnment for f described above. |

Inknninciple, reaction ix of Table I has a topology in which no o
ambiguities occur, namely, that one in which the K+ decays. However,
for the reasons discussed in part D of tnis section, we will not use |

this topology to determine f and there make the assignment for f described

above.
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Go Summary |

‘The following tables summarize the inpﬁt data and the results for
the stable particie cross sectioné} ‘Table V givéslﬁhe'values used for
’branchiﬁg fractiohs? which were taken ffom the-Eafficle Data Tables.
Table VI_suﬁmarizes the event totals for vafioué éategories as well as
the results of weighting with the decayifact6r§jdi§éussed above. Table
VII preSéhts, for each channél considefed, thé’fihal Weighted numbers
of eveﬁts and the resulting éross.sections correctéd to include all

decay modes. -

© Table V. Branching fractions taken from Ref. 6.

 Decay Branching fractions
K oo | 0.684£0.011
Ao pr - © 0.653%£0.012
+ + ‘ '
5T - o _ 0.4720.015

We use the fact that the px KiKi cross section is equal to the
+.0.0 ' . + 0.0 . ,
pr K2K2 in order to determine the total px K"K cross section. The total

pn+K°KO broés section is computed by adding twice the pn+KiKi to the
+.0.0 '
pr KlK2

We recall the following constraints discussed above. For any

cross section.

topology containing a vee, we use all of the restricted film sample.
For a topology containing only a charged decay, we use only the section
of film where all events are scanned. For the pn+K%K- final state, we

use only the 30% of the film that has been fuliy processed for ordinary

. events.
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Tabie VI.. Data for*éross-seCtion determination.

. All events recorded Not all events récorded*
# hypotheses. : # hypotheses _
 (a) ' Weighted o o . Weighted
Final state'® 1 2 3 4 total =~ 1 2 3 L4 total
' + + - ; . ) . . . . ' . ) . .
2K : 63 0 0 O 86£13 - not used - - -
Z+n+K2 | 20 0 0 0 27 28 0 0 0 kb9
stk 34 40 0 . .. -  notused - -
+ o R o 16016 , R
Z K- » 53 40 o0 - - not used - -
Acn+K+ e 100 0 0 0 108t11 138 0 O 0 1b7£13
%" 4 0 0 0 S0(,7- 60 O O 0. 6h8
pK KD | 2 0 0 0 L4750 0 .0 0 538
pr'xx (P 112 0 0 0 11211 -  -not used - = -
prkK%® 16 0 0 0 165 - 23 0 0 0 266
) “Cc Cc - ) ) i :
pr KK 37 8 0 0 hot7 5111 1 2 63%9
'Acn+n°K+ | 106 43 0 0 137:17 1k 57 0 O 186:21
ALK 2 0 00 245 32 0 0 0 . 337
2% 1 KO 7 00 0 83 1 0o o 0  13th
%% . 10.0 00 15 21,0 0 0 297
+ + -+ S ‘ S ‘ ‘ :
Sax K 6 0 O O 91+12 - " not used - -
. " + N vv " N - ;
K 28 0 0 0 3047 - not used - -

*omits two-prongs without stopping protons.
(a)Subscript c means vee decay was observed. Subscript n means vee
decay was not observed.  We include only those £ events for which
+ + . 0. o 0
L = nn . We include only those £~ events for which Z ~—>Acr.
_(b)For this final state, we use only the 30% of the film for which all

events are processed.
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Table VII. Resultsyof croSs-section_detefminations.
Finai:k Flnal we%g?ted Cross section(b)
state = number\d (ub)
=K 95¢15 111#18
AP SN Tet12 104£18
A 115+23 13528
e 26719 96+7
N : + » .. , .
o K" 119#12 13t
pK K° 10311 70£8
R
pr K K 112+11 80%8
_pzt+K?_Ki - 428 2tl
pr KoK 58415 20t5
pn+K°K°‘;' 188+19 64t T
PErS | 338%29 121#11
A K® 599 62+9
AP 0045 236
PP 459 661k
AP 100£1k 118£17
Z'n+n+K+ 358 19th

(a)

branching fraction corrections.

(b)

Tncludes bfandﬁng fraction corrections.

- Includes all scanning efficiency corrections, but does not include
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The errors qpoted for the results are bas1cally statistical. There
may still ‘be systematic effects present. In particular, 1t is quite
llkely that the final state An T K contains also events from the final
;state Z n T K , which is not a constrained fit.

If we.add together all our final states (including final states not
listed in Tahle I)'except those which have a‘charged X decay as their
only s1gnature, we find the cross section for this subset to be about
1.33 mb.r From the charged K decays observed, our guess is that the
. final states hav1ng only charged K's (1nclud1ng reaction vii of Table
I) will add about another 0.2 mb. Combining these two numbers gives
1.5 mb for the total strange particle cross section. As a point of
interest,‘we mention the observance of a few events with = final states,
._notably = K K and = « K K ; they correspond to a cross section of the

rder of a couple of microbarns.

It is 1nteresting to make some comparison of our results with other
experiments. A w p'experiment7 at 8 GeV/c has looked only at strange
particle_final states which contain vees. In addition, they fail to
- quote any Zo final states so that there are few_states in common with
the ones.we examine. However from those few, we can say that the cross
sectionsvfor three-body final states are falling off with incident momentum,
whereas the cross section for the four-body final states‘seem to be about
the same?

‘Table VIII shows a comparison of our results with a n p experiment
at 3.9_GeV/c. With one exception, the comparison consiSts of choosing
final_states where a positive pion in our experiment_becomes a negative -
pion inothe n—p_experiment. There‘are both remarkable similarities and

differences.



-21-

: + ,
Table VIII. = p comparison of strange particle. production.

e e e e e e
e ettt

Cross sections in pb

+ ‘
npat 3.7 GeV/c

Final stgté - 2 p at 3.9 GeV'/é8
2O 1248
NEE f 9913
s SR | 437
K 6320
WO 1084
el 3246
B N
KO . 103%13
AK9n+ﬁi’ - ' 100814
z°K°nfn# 3811
SO - : 349
SR o  ohx6
s 20t
KoK - 8013

104+18
967
43+l
80+8
o2th
2015
6Ut7

121*11
62:9
23+6
66+14

118+17
19k
708

IV. RESONANCE PRODUCTION

In this section, we compute the cross sections for the resonant

final states,

stk*(890)"

and %(1385)

+ +
K
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Reactipné;ii.and iv of Table I are used for (lé)jaﬁd (lh) respectively.
We also look at the resonant production in reactions vi; vii, and viii
df Tablé:i; The reméinder,of thé.reacfionS»in.fgble I are not pursued
further eiﬁher because of statistiés, resolutiéhﬁér ambiguities, or some
cpmbinatiqn.cf.these reésons, .For reaction‘vii;'ﬁe have used eveﬁts

from the entire restricted sample.

A. £'K%(890)" and £(1385)'K"

For ﬁhe finalvsfatés (13) and (14),-we fit £he appropriate Dalitz
plqt»ﬁjrdetermine the fraction of resonant pf&duétion presenté For
.(13);5wé:choose,the'Dalitz plot for reaction ii.of:Table I, using only
 those events where the K° is visible. For (14), we choose the Dalitz
plot for1réaction iv; again where the A is viéible. In both cases,
theievié 6nly one promineﬁt‘rééonance'in.ﬁhé final sfate, némely, the
, .onéféffinterest. Thefe is the poésibility ofjfﬁelﬁreéence-ova* or A
which céﬁ:dééay into (AK) or (ZK), buﬁ these rés;nances are generaliy S
Bbth 5r6;d and weékly coupled to thésevdecay,éhénnels. Therefore ﬁe
do not éqnsider them any furtﬁer for the finéi ététes (13) and (1k4).

Tﬁe fitting procedure is analogous to the simple non-interference

9

model‘used by Bland et al. Our férmulae are less complicated éince

we consider only one resonance, whereas Ref. 9'must be concerned with

. two Cfoséing resonant bands. Moreover, we omit ﬁhe angular momentum
barriér'factor since we‘are at a much higher incident momentum and there-
fore‘h#ve many partial waves present in the interaction. |

We number the stable particles in the final state 1, 2, and 3 with

the resonance occurring in the combination (1,2). Let:
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m , = invariant mass of particles 1 and 2
, »m23 = invariant mass of particles 2 and 3
Then wé.can write:
. d o
Sz = et b (15)
dm12 dm23 »
where I, = (Bi)+(1 + A cos” A, B (16)
1 me-(Gg) .
(myp - m)" + (mT) -
2 pi ' ,
rerpts [l 2, (18)
p +X P+ X "o ' -

h.='d§cay angle in the (1,2) center of mass with respect to
partiéle 3,

m } ' = mass, width of the resonance,

vp1='m§mentum‘of pafticie 1 (or 2) in the (1,2) center of mass,
p_ = value of p when m12 = ma, and . -
= inverse radius of interaction(

Thié'description of~the fésonance is basicaily that discussed by
Jacksén,lo where the fact that we are dealing with p-wave resonant behavior

has been taken into account. The values for mb~and Po are taken from

the Particle Data Tableé;6 and are as follows:

-For ' K*(8'9o)+ » m = 891 MeV , 'Po_% 50 MeV
For 5(1385)" , m = 1382 MeV , I = 36 MeV .

The inverse radius of interaction, X, is taken to be the pion mass. The
parameters a, b, and A are to be determined by the fit, with the overall
normalization constrained to give the total cross section as determined

in Sec. III.
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Theefector 71 + A cos2 A 'aescribes tﬁe'mceifgeneral cehavior a p?
wave reeonance can have as the Dalitz plot is traversed parallel to the
resonance band. However due to ‘the meager statlstlcs, our data are not
very sen31t1ve to the parameter A. Slnce the flttlng for A gives an
answer w1th large errors which is cons1stent w1th zero, we omit this .

'factor by settlng A= | S ‘ |

Flgure 5 shows the Dalltz plot for reactlon ii of Table T and Flg.
6 shows the dlstrlbutlon of the K- mass. It is clear that this final
state 1s domlnated by (13) ‘The results of the flt are given in Table ;”
IX. To. get the total cross section, we note that the K*(890) decays

into Kr' only,6 and calculate from Clebsch—Gordan coefflclents that

Y .
K (890)" - K < _2
K*(890)" » ¥'x® 1
 Table IX.
L Cross
section
. v , N inel. all
' '~ No. events o : . % of decay
. Final state used in fit X d.f. . . -channel channels
+ % + :
K" (890) 48 7.6 T - 63£7 RB20 ub
£(1385) " 239 13.8 11 | 26tY 285 b

Figure'Y shows the Dalitz plot for reaction iv of Table I and Fig.
8 shows-the distribution of the A-w mass. The results of the fit are
given in Table IX. The branching fraction for £(1385) — Arnr is taken

to be 0.9 from the Particle Data Tables.?



'Reaction vi of Table I dogs not havé as distincti#e a structure as
thé onééiaiécussed invthe precédiné.sectibh. Th¢ only clearl& discernible
resonant state is the A2 me son. Figﬁre 9 shows‘thé Dalitz piot for reac-
tion vi and Fig. 10 shows the distribution of the K'KC mass. There is
perhaPS’a hint of.a bump near 1560 MeV-iﬁ the K¥£§ masé but it'is not
statistiéally compelling. - . | .

The final state pA2 has become the object of‘inteﬁsivevstudy recently
because:of Fhe discovery\of'the A2 spiitting.ll :While Fig. 10 doés not
have enough events to show the splitting, it does have a feature similar

to that réported by Crennell et 51.12

The KK décay:appeafs to give only
the "high side" of the A, (AEH); the- center othﬁe peak is about 1320
MeV. HoWever, there still seems to be an excess of events in the region
'of the "low side" of thé A, (A2L). Evidence frOm'd PP expérim.ent13 and
from a récent_missing ma,ss spectrometer experimentlu shows that the KK
aecay comeé frbm both sides 6f the Ag.

We do not fit this regibﬁ for A2 productibn because of the uncer-
tainty in the shape. However, we can.crudely estiméte its production.
If we estimate the background to be about 2 evénté per 25 MeV from 1250
to 1350; we see an excess of about 17 events. This number corresponds
to a partial cross section for Ap - pA;’(whére”ohly A; - K'k° is
includéd) of %% X 70 ub = 13 pb. The greatest‘érror in‘this estimate
is the uﬁcertainty in the shape of the Aé. We gssign the error to be
6 ub. A.mbre interesting number is the branching‘fraction for A2 -~ KK.

+ .
In this experiment, the cross section for n p — pA2 islS‘(3lOi8O) Kb,

+ + +
where the A.2 decays either to pn including both p no and pon , or to nmx
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includihg both neutral and charged decay modes_dffthe n. Combining
these tWOlcross sections gives the'branchingrfraétion:

AL > K'K°

+|nd +

= 0.04+0.02 .
A, — all

n

This resultfcompares favorably with the world average6 which is 0.02h4*
0.005. "

+

C.

;

» e
We observe the pn KK channel via the following final states:

pr KK o (19)
o KK (20)
and pn+K§KZ . s (21)

Tn the finél state (20), we may see one or both vees, while in.(21) we
éah‘only éee one vee. All three final states éXhibit a good deal of
stfucture. Discernible features include A(1236)+f, *(890), p(1019),
£(1260) %#d A2 production. Table X summarizesfth§ resonance prdduction

in thesélfihal states. Defermination 6f the production rates is discussed

below.
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Table X.

Final state

Final state

"‘Cross section Kb

including all

used decay channels
++ _F - + 4 -
A(1236) K K pr K K 36£7 ub
TR SRR
oK K*(890)° pt K K 23t5
+ ' -
A(1520) © K" i KK 16£6
+ ' + 4+ -
pr 9(1019) pr K K 10£3
o ‘ o+ -
n(1236)" o(1019) pr K K <2
l ' ++ ‘5 o + ' +‘
A(1236) KlKl pr K K, 1145 pb
++ 0.0 . ;
A(1236) KK appropriate small; see text
12 .
‘ : difference
between
"k
Pt 2e®n
and
+
px KcKc
+ .
K° K*(890) appropriate 29£10
’ : sum of '
o+
P KKy
and
pK K
Pt Bobe
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Figure 11 shows a triangle plot for the final state (19). The

A(1236)

:and the @(1019)'are.clearly visible. ‘Less obvious aré the Ag

and the F(1260). TFigure 12 shows a plot of the.pg+ masé—where again |

the prominence of the A(l236)++ is obvious. Figﬁfe 13 is a plot of the

K+K' mass. Here'the‘@(lQl9) is clearly seen. :Thé:broad‘enhancement

from aboﬁf il75 MeV to 1350 MeV-comés from the f(1260) and Ag which

>> overlap because of their broad (effective) widths. Figu?e 14 displays

the masé_df the K+K— when the pn+ mass is in thé Af+ band. Figure 15

shows the ﬁ+K- ma,ss spectrum{ where the K*(89O)+ is a prominent feature.

Finally;'Fig. 16 shows the pK mass spectrum in,whiéh.thé A(1520) is

visible. | B o |
BecaﬁSe of the complexity of this final sféte, we do not try to

fit'for all the resonance prbduction. In particular, we make no attempt

0 untangle the Ag and f£(1260) production. Féf these two resbnances,

even resOlving’their production in association with a Af+ is difficult,

as is illﬁétrated by the following'numbers. The cross section for

n+p - éff. Ag isv (90£20) ubl6 where only the decay mode A; > 7

15

(no p selection) is included. Using 0.23*0.08 as,the branching fraction

for Ag

we predict 12+th events for Ag - KK. Since there can be interference

- vnn'o and 0.024+0.005 as the branching fra.ction6 for AZ - (KK)°,

between the f and the AP, these events can appear on the K+K- and KOK0

2
mass plots in any ratio (not just 1 to 1 as for pure A;). Figure 1k

shows on the order of 20 events above background in this mass region.

17 about

. : + + :
Since the cross section for np — A +f(l260) is (160%40) ub,
all we can say is that the branching fraction for £(1260) into KK must

of the same order of magnitude as the branching fraction for Ag - KK.
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To get the A(1236)+%.cgntribu£ion, we fit the:pﬂ+ ﬁass distribution
(Fig;'le) for the resonance pius phase space.  Ih doing this fit, we
are avefaging over all thé oﬁher strﬁcture.including interferencé (if
there is any). The justification is essentially’pragmatical in the
sense thaf the distribuﬁion-appears to be structﬁreless exéept for the
Aff.. Hdwé&ér, the chi-square ‘(25.7 for 20 degréeé of freeéom, corre-
‘spondiﬁé.to a confidence levél‘of ébout 20%) for the fit is not very
good,»and for that reason we enlargé the error on the result by a
factor»Jé;' The main contribution to the chi~squaré. comes from the
narrow observed width‘ofAthe Af+.

To gef the contributioﬁ for the K*(890)°, we follow the above
: proceduré for the n+K_ mass distribution (Fig. 15). The chi-square
for the fit is 18 for 18 degrees of freedom. In fhe’K% créss section,
we include the branching fraction correction for decay into K°x©. For
other.resonance states, we dnly try to estimate their productionf

To esfimate the A(1520) production we use the pK mass region in
Fig. 16 from 1500 MeV to 1550 MeV, which has 50 evegts. To estimate
the background, we average the bin just above this regioh with the bin
just bélow it. This averaging gives 21*5 events for the background.
However, the statistical error for this estimate does not reflect the
true unéértainty in the backgrouhd. For this reason, we multiply thé
statistical error by'Jé. Using the total cross section from Table VII
and the branching fraction of 0.45 from the Particle Data’Tables,6 we

obtain the cross section for n+p - A(l520)n+K+:

Co(x'p » A(1520)x'KT) = (16£6) wb (all decay modes) (22)
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Thé-narroﬁ_¢(1019) appears as part of thé‘ka—vspectrum (Fig. 13);
The only complication iﬁ.estiméting its»prdductioﬁ comes from a rapidly
‘riéing'badkground from the well-known "s-wave".enhanéement, seen in a
previoﬁs Study of this reaction.lg' The iﬁset_in Fig. 13 shOWS the @v
region of the K+K- mass spectrum, plotted in h“MeV1bins and centered so
that'the_céntral Qalue (1019.5 MeV) of the @ cbinéides with the ceﬁtep
of the bin} To estimate the production rate we use the five bins surround-
ing 1019;5'MeV which'containra total of 27'é#ents.' We.estimaféithe back-
ground by drawing'various sfraight lines through the neighboring regions;
the resuit'fér the backgréund is 8+2 events. Using the total cross section
of »(80t_8)_ ub from Té.ble Vi:[, and the branching flfac'tion of 0.48%0.02 for

the Particle Data Tables,6 we obtain the cross section for n+p - prt O
+ + o : .
o(x p = pr @) = (10£3) wb (all decay modes) (23)

A final number of interest is the produétibn of the guasi-two-body
- final state »A(l236)++ @(1019). Figure 17 shows the'pn+ maSS'spectrum.
'fdr-thé 27 events wﬁichﬁare inside the ¢ regioncih K+K_ mass (we use
the fi&é‘bins used for the ¢ cross section). The pﬁ+ sﬁectrﬁm below
1350 MéV,‘ﬁhich.includes préctically all of the AT+, contains 6 events.
If we assﬁme that the speétrum above 1350 MeV is given by phase space
fof the final state pn+¢, we predict that there shoﬁld be 9 events below
1350 MeV. Inciuded in this prediction is the éssumption that the back-
ground'is'distributed in the same way as the pﬂ+@ events. However, if
we use the above calculation for the backgroundvahd make the extreme
assumption that all eight background events fall above 1350 MeV, we
stillrpredict 6 events below 1350 MeV. Thus our result is certainly
qonsistent with no Af+¢ production. The best we can do is set an upper

limit.
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We ;ssume & binomial distribution for thé.two parts of the pﬁ+
spectrum below and above. 1350 MeV.  We further.aésume that 100% of the
A(1236)++”iS'below 1350 MeV. The relative amouﬁt of resonance and phase
Space is a free parameter in the distribution. We choose the one-sided
96% cOnfidénee limit by finding the value of_the'parameter which decreases
the likélihood function to e 017 of its maximum likelihood value. The
two backéround assumptions‘discussed abéve-giﬁé'qné event and 4.6 events

respectively. We take the larger of the two numbers and state:
o(x'p > ATp)s2w . T (24)

If this limit were the actual value of the cross section; the’probability‘
of obtaining our result would be 8%. '
_ The_suppression.of'this channel is certainly one of the prominent

features of these data. We will return to discuss this result in the

section on physical characteristics.

This final state occurs either as the state (20) or the.state (21).
We actually observe events.with two vee's and events with one vee. The
‘events with two vee's are all from (20) while those with one vee are
from bothv(EO)‘and (21). 1In order to extract information about fhe final
state (él),“we mﬁst perform'a subtraction of the two sets éf events.
If there were no escape corrections and.if the branching fraction for
Ky —}~nfﬂ~ were exactly 2/3; then thevfinal state (éO) woula contribute
eqﬁally té the two classeé of oﬁsefved evénté. With the escape;correc-
tions énd real branching fractioh, the‘actual;céntributions are slightly

different.
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The dlfference between these flnal states is qulte remarkable The
final state (20) has a strong A(1236) . AHowever, ‘within the small
statlstlcs, it does not seem to have any partlcularly prominent KlKl
structure. There seems to be some departure from phase space in the
pK.o spectrum, but it:is not'consistent with the.kncwn Yi resonances.

In contrast, the final state (21) hasAbractically.no A(1236)++. As is

well known, the ¢(1019) appears in the KoK spectrum, but any other

1 2
structure 1s dlfflcult to discern. The above statement about the pK
spectrum applles to this flnal state also.

Therphl production in (21) is con51stent with that from thevfinal
state (19). From the Particle Data 'I‘ables,6 we, find the ratio of the
branchlng fractlons for | | )

+
- KK é_%_%fi_%)_ ]_25+o ]_5

® - K .

+

Since we;sée'19i6 events from (19), wenexpect '(0.68¢o.01)(19;6)/(1;2510.15)
- 103 events in the final state (21) with visiblé'Ki. From Fig. 20
we estimate that there arelllih events in the m peak. These differences
are displayed in Figs. 18 to 21. 1In each figure, part (a) shows the
spectrum from events with two vees, part (b) shows the spectrum from
events with one vee, and part (c) shows the apprcpriate subtraction that
corresponds to the pure final state (21). Figure 18 shows the pn+ spec-
trum; Fig. 19, the ﬁ+Ko spectrum; Fig. 20, the KdEE spectrum; and Fig.
21, the pKO spectrum. In Figs. i9 and 21, each event is plotted twice.
As in the case of final state (19), we fit for the A(lé36)++ and
K*(890)". For the A", we find a (50£20)% contribution in final state

(20), while fitting the subtracted data from Fig. 18c gives a negative



. -33_

percentage for the 4 ' contribution to final state (21). To test the
significanCe of the difference of these two numﬁefé; we have pérformed
simultaneoﬁs.fits to the final states (20) and (21),'first demanding
the pefdéﬁﬁage of Af+vbe‘thé éame in both states,.ahd then allowing the
percentages to be different. For the case'deménding the same percentage,
we obtdin'ﬁ chi-square of 11.0 and a common percg@tage‘of (14+8)%. For
thé segona case we find a chi-square 6f T.7 wifh.fhe result statéd
above fér.final state (20) and (- 16+18)% for tﬁe final state (21).
Thus the difference corresponds to about a two standard deviation effect.
At‘this point we note that any_K* contribﬁtidh can come only from
the anojéombination since the n¥E6 combination mﬁst have an isospin of
3/2. Since the K¥ seems to be in both final states (20) and (21), we
add the,tﬁoldistributions shown in Fig. 19a and l9b.with weights appro-
priaté'to give the distribution corresponding:to the total pn+KdE6.
The addition is roughly twice Fig. 19a plus Fig. i9b. We find that the
K*'cpntribution to the total final state is (30i105%, with a chi-square

of 15 for 14 degrees of freedom.

V. SOME PHYSICAL CHARACTERISTICS OF TﬂE bATA
In this section we discuss some physical characteristics of reaction
i of Table I and the final states (14), (19), (20), and (21). For the
two-body states, wevcompare the t.distribution for the corresponding |
croésed'reactions from K-p experiments. This comparison has interest

19 For the four-body

in connection with the concept of "line reversal.”
. . . o,
states, the discussion centers on the suppression of the A in some of

the final states.
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A. Z K t Dlstrlbutlon

Flgure 22 shows the Z K t dlstrlbutlon and the flt to the initial
'slqpe.‘ We find for the slope the value (8.4i1.4) (GeV/c) . The range
of t over which the fit is performed is 0.02 (GeV/¢)Z to 0.k (Gev/e)?
where thé ﬂeginning value'correspohds to thé kinéméfic limit.  The chi-
square,‘fof_the fit ié 0;9 for 5 degrees'of ffeédoﬁ.

_This;value forithe slope of the t distributioﬁ is very similaf to
the slope of the x'p elastic scattering t‘distrib_ution near this energy.
It is al‘sp‘,'s‘imila'r to the slope of the t distribution for Kp = I x
: at.abdut.hﬁl GeV/c incident momentﬁm.go If we extrapolate .our slope. .to. -
= 0, we'obtain an intercept that also agrees véry well with the inter-
‘-cept from the K~ P experlmenteo when we scale thelr intercept to our
momentum . We scale their 1ntercept by ( lab)-n u81hg their value of -

= 1. 8+o 4, where P, . is the momentum of the incident K . Table XI

lab
shows thls comparison. This agreement has been pointed out before.l9

Table XI. Comparison of n'p - 'K at 3.7 GeV/c with Kp = Zx -
at .1 GeV/c. The intercept from the K experimeht is scaled as dis-

cussed in the text.

| -2 aol. b

Slope, (GeV/c) e ,-——JE———E

O (Gev/e)

<p- K 8.4%1.Y4 '_ 0.690.16
K'p = Zx (Ref. 20) 7.3%1.3  0.80%0.25

We also note the backward peak in the distribution which corresponds

to hyperon exchange.
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| o T -
B. £(1385)'K t and Decay Distributions @ .

Itlmin' for the

Figure'23 shows the distribution of t' = jt['_
reactioﬁ 1¥+p - 2(1385)+K+. We plot t' instead 6f't to emphasize that
the turnéﬁér in the forward direction is not kinemétical. We fit for
the slope, omitting the first point, over the range 0.12 (GeV/c)2 s t'
'5_1.5 (GeV/c)e. The slope so obtained is (3.Oi0.6)-(GeV/c)_2. The chi-
séuare'forithis fit is'O.32 for 2 degfees of freéaom. Including the
:.first pdiﬁt gives a slope of (2.5%0.4) (GeV/c)é'2 with a chi-square of
2.8 for 3 degrees of freedom. ‘Obviousiy, eifher'vaiue is acceptable.

Although fhe turnover couid be statiétiqal rather than dynamical,
we prefer the latter interpretation. In the'8 GeV/c n+p experiment;7
the corréspdnding t distributioﬁ'shows‘a hint df>fhis efféét, with even
poorer statistics, and their value of the slopé.is‘lower, although,not
inconsistént.with ourse. Furthérmore,'in.other K—p éxperiments atl3.5
GeV/c®t and k.1 GeV/c,2® t aistributions for K p — 5(1385)'x"  show

' ,
hints of a turnover near t = O. For these reasons we prefer the first
value mentioned for the slope of our‘data and that slope is the one
plotted in Fig. 23. Reference 21 aoes not fit their angular distribution.
Referegcg'EE fits the sum of their h.l-GeV/c and'5.5-GeV/c data and finds

a value similar to ours. -Table XII shows thé comparison of slopes for

the various experiments mentioned above.

. Table XII. Comparison of slopes of t distribution.

Incident momentum

Reaction . GeV/e Slope (GeV/c)_2
A p - £(1385)%" | 3.7 | 3.0£0.6
<p - £(1385)k" 8 | 1.9£0.9

K'p - £(1385)%x . hiand 5.5 2.7£0. 4
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FigufeVQh shows fhe decay distributions'for.this reaction. Figure
2ha is the cos(a) distribution and Fig. 24b is the @ distribution. The
curves on]these-histograms are the predictions'pf the Stodolsky-Sakﬁrgi
model.?3» The agreemenf with the'model is good,.whiéh:is ;lso the result

of Ref. 22 for K p - £(1385) x .

+ ' :
Ce np— a?+¢ and SU3'

In the previous section, wé héve noted'thevsuppréssion of the final
. ++f . j '
state &4 ¢. In the framework of SU3 or the quarkfmodel, the ¢ meson is’

related to the ® meson in that these two physical states are "mixtures”
of two .SU, "pure" states. We use the_Ri:é,iuegLL (0.66%0.08) ub for the

+ A = . L . L : L
np = A w cross section to obtain the ratio of cross sections:

=bc(ﬂ+p N Af+¢) < 1
Af+w) 330

0(n+p -
where the confidence limit is the same as for Eq. (Eﬁ). At our momentum,
the centeiQOf-mass momenta are 0.83 GeV/c andvo.96aGeV/c for the 4&p and
AT Statés respectively. Thus fof this comparison, the phase space correc-

tions are small, and we'neglect them. In passing, we note that the ratio

I3

p is consistent with the squared coupling constant ratio, %gpn/gipn

as determined collectiVely.from the experimental.m'and w widths, the

1/600

@ = pn branching fraction, and the ratio of available phase space for

25

® 2 pn and W = pox.
In the framework of the quark moael,va'zero value for p means that
the ¢ is entirely A\ and the w is entireLy;‘nE + PEoI,If we denote the

¢-w mixing angle by 0, this angle 6 can be related to p in the following

26,

way @
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At ~;':;
———ld———ﬂl-_ tan(e -0)
(x'pla" -
where »95 arctan l/Ué) 35. 26 This relatlonshlp gives a model-
dependent determlnatlon of the mixing angle, but in a way that is inde-
pendent_of the meson masses in the 1" nonet. we{f;hd Gol- 9| 2 3.15 B
or: -
32.1° s 0 = 38.4°

whehe the.interval corresponds to the cohfidenceﬂlimit-of Eq. (24).

In prlnc1ple, this approach could yield 1nformat10n about whether
the llnear or quadratlc form of the Gell- Mann/Okubo ma.ss formula is
approprlate for bosons. In practice, however,,the values are sufficiently
_cioseA(IG(linear)l = 37.1°41.1°%; |6(quadratic)| = 39.9°4#1.1°) that our
data_do_not distinguieh clearly between then, altheugh‘the linear value
is favoredfk In any case, the'final.conclusion WOﬁld rest on the validity

of this quark m_odel.26

D. Suppression of Other States in pn+KK

The result discussed in the previous paragraph is part of a more

general_picture that appears when we consider together the three final
! : . ++

states (19) through (21). We have seen that the A(1236) is very prom-
inent in pxn KlKl and practlcally non-existent in px Kl 2 This observa-
tion leads us to conjecture that perhaps the dquantum numbers of the K-K
system are restricted when it is produced in conjunction with a A. Since
the ¢ decays to KlK2 and not to KlKl’ it would have the wrong set of

quantum numbers to go with a A, which is consistent with the result

expressed by Eq. (24).
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Both KlKl and K1K2 are CP elgenstates w1th CP=+1 since for a
two boson system, the charge conJugatlon, C = ( l) ’ and the parlty,
P = (;i)z‘also, where £ = orbital angular momentum'quantum number.i
Since Kz‘and KZ are-CP eigenstates with opposite CP values, the angular

momentum for KlKl must be even and that for K1K2 must be odd. This
'difference leads to states of opposite parlty (and charge conjugation).
Thus we’ conclude that the K-K system can be produced with the N _ only
if that system has even parlty.

If we take the final state A K K and look at the center of mass
of the K_J’K' (the "Jackson frame"), we find that the distribution of
cos(d) is forward-backward symmetric. The angle Q is the.angle of the
k" with respect to the incident w' in the Jackson frame. Figure 25 -
‘shows the,cos(a) distribution for those events which have a pn+ mass
in the A ‘mass region. Figure 26 shows the cos(a) distribution for
the o "K'K™ vwhere the A region (1160 MeV to 1280 MeV) has been omitted.
The symmetry of the cos(a) distribution for AK'K™ is consistent with
the aboye conclusion in that states of single pamity cannot combine to
give a forward-backward asymmetry. Furthermore; the cos(x) distribution
for. the complementary set of events does not show such symmetry. The
striking characteristic of Fig. 25 is that the distribution is integrated
over the.total K+-K- spectrum and stiil shows the symmetry.

Finally, we note that Fig. 14 shows no evidence for the KK s-wave
threshold enhancement in the final state Af+K+K_. However, the enhance-
ment isvclearly present in the overall final state pn+K+K_, as Fig. 13

indicates.
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VI. SUMMATION
Fdrbﬁhe nfp interacfion,'we haﬁe presented both stable particle
and‘réébnaht production crossvéectioﬁs fbr the ﬁajorvstfange particle
final.Staﬁés. Tables VII, IX, and_X summarize thésé resﬁlts. In addi-
“tion, weléstiﬁate the total cfoés,section,for st?énge particle‘production
is aboﬁﬁ 145 mb. Although‘if is not ﬁentidnedvabofg, we see no evidence

27

for a new 1480 MeV A-niresonanée gee Fig.'8).'.g.

.IB tés£ the coﬁéeﬁﬁ of liné re#érsai,.we havé_compared ﬁ+p - Z+Kf
with Kfpn4% stx” and ﬁ+p - 2(1385)+K+ with Kp~ Z(l385)+n_, where
thevcompariéon in each case involﬁes thé momenﬁum;transfer distributions.
The agréemeﬁt in each case: is good.

Wé‘have studied the pn+Kﬁ fihal state in sOﬁe detail and obtain the
following results: (a) Whiie the fihal staté pﬁf@ is clearly present,

- .our data set an upper limit for Af+¢ productiOQJOf 2 ub. (b) The AT+
‘and the K (890) are'promihént features in the final state pﬁ+KK. (c) The
o

KK state. oceurring with the A'+ is either K?_K:L

angular momentum states. However no threshold enhancement is associated'

+ -
or X K in even parity

++
with the A .
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APPENDIX

Normalization Caléulation

P

- Hére‘we apply the philosophy of Séction III;Bffb calculate the
- - microba?h equivalents fof'the regions of film-cohsidered. To facili-
tatevthe,diSCussion, the_follbwing subscripts are'usea to designate
differenﬁ regions of film: | |

jo) -means.protoﬂifilm

1 meéns film in which all events are fully.prbéessed

2 méans'film in which all events are recordéd but'only the first.

|  measurement is available for ordinary events
3 ‘means film in which not all events afg recorded

4 means total pion film, i.e.; regions 1, 2, and 3.

_BecauSé'wejhave only the first measurement for régions 2.and 3, we need
an addiﬁiohal aésumption in order to determine fhe.proton'contamination

- in these fégions. For this purpose, wevassume'that.the'scanhing, meas-
uring; énd fitting procedures treat pion~induéedahd proton-induced four-
proﬁg‘evéhts with equal efficiencyf We will refer to this assumption
as "the equality assumption.” This assumption is true only for events

- - which satisfy the fiducial volume and beam track criteria. We will
therefofe accqunt for the.outside fiducial volume rejects and the non-

beam rejects before applying the above -assumption.

wy

Before wé begin,‘we define ‘the symbols we will need in the formulae
- ‘we use:

A

n

total number of acceptable events due to incident pions

B = total number of four prongs recorded due to incident pions inside

fiducial volume -
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C = total number 6f*four prbngs'recofdea dﬁe to”incident‘protons
iﬁsidé fiducial volume . | |
E. = huﬁﬁér'pion évéhﬁs‘losf dﬁe %o smalivéﬁgiéiélésfic scatters
F = toféi number fqur—prbng events accéptedi,'
-G = téfél number fdur-pfdng eveﬁts accepted dﬁéfﬁo incident pions
“H = t§t§l number four—pfong éventsvaccépted due to iﬁcident protons
Jd = tétél number four-prong events rejectea ?of qutside fiduciaL
:valﬁmé or hon~beémltrack. |

m =fmicrobarn'equivalent for interactions due -to pions

[}
il

,tétél number,four‘prong_events.récdrdediff

= tbﬁal pumber.accepted events - | |

=;td£a1 number unique pp — ppﬁ+n_' events accepted
fpoﬁai number unique n+p - pn+n+ﬁ7"eVEﬁts accépted

‘ + - . .
= number unique pp — DPPT x after first measurement

T N T =T
]

L + + + - C
= number unique =w p = P T A after Tirst measurement
ag =_total n p cross section at our momentum; the value used is 28100

| microbarns

The quantity El iS'néeded only for region 1, thus the presence of
is determined by fitting the momentum

1

the subscript. The value of E
fransfer aistribution for elastic écattering'to a function for ebt,

whefe’ﬁ_is'the momentum-traﬁsfer and‘b is avpafameter to be determined.
The fitting procedﬁre is performed over an inter&al of t where losses

vare notlstfongly dependent on t. 'The loss El'is'foﬁnd-by integrating
the function over the region of small t to get the total number of

events expected and subtracting the number of events found. We obtain

the'Value:’,
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E, = l328ill9_‘events N (A1)

_Tﬁé-quantities A, B, C, El’ Gy, Hy m and ob“afé calculated quanti-
ties; the_rést are measured'by counting évents;- Iable I-A gives the

values of the measured quantities that we need to calculate the others. .

We deal first with region 1. Of immediate interest is the quantity

A, whichtwe:use to caléulate mi,‘thé microbarn eqﬁiyalent for region. 1:

A, =T - T

1 =Ty - Tt Uy /Uy tE. (Ae)

Table I-A. Event totals used for normalization calculation. Symbols -

are explainéd in the text.

Region.*?‘» ' P A 1 “.; 2 : 3
Quantity +
Fo : 245 13907 SR -
J 21 2837 -- --
'S 281 18490 5238 32605
T 1613 43993 -- --
U 122 Mo - -
v 0 4823 - -
X -- -- 66 569
Y -- -- 983 5865
m =0 /A . o (a3)

1

For ‘the calculation in regions 2 and 3, weZWill also need:

I

B = (8 - Jy) - (sp -.Jp) . Ul/UP (ak)

1

O =F - Ty - 0fu, . (45)
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For regions 2 and 3, we userthe equality aSSumrtioh to write:

Ci Hi . :
T g 5 1=23 . (46)
1 .

I T T S |
57 'V ® - (a7

_Furthér appeal to the equality assumption aliows us to write:
VAT 95 SN L (A8)
The.ratio H/U is a physical property of proton-proton interactions
and is therefore calculated using the results from the proton film:

H,

F
= - B -
U. U ® - _ . (A9)
i iy
(FP = Hp since, by assumption, there are no pions in the proton film,)

Likewise the ratio.Vi/Gi is a physical property of pion—proton interac-

tioh and is calculated from the quantities of region 1 where the proton

subtraction is made directly.
v
1
= - | (A10)

Substituting Eqs. (A8), (A9), and (Al0) into Eq. (A7) and solving
for Ci gives:
. _ P . o
C, =B, "F 7 T - (A11)
o ,
'From the definitions, we can write:

S, =B, +C, +J. . (A12)
€L 1 1 1
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We;aséume the reject rate is the same for‘éli‘fegioné of the pion
._film:
J=s /s o - (a13)
Substituting (All) into (Al2) and solving for B, gives:

- J,) F X, V.1
- . __A._—];_. . _2 Y S 0——% : ’
B =5 5 [1+U T, Z_G]' : (a14)

1 hs) i ~_:l_~ .

From Eq. (Al4), we can see that the only measured quantities needed
from region i (= 2,3) are S;» X; and Y.
We m§y"nbw determine the (expected) numbers of acceptable events

and the7corresponding'micrbbarn equivalent:

A,
i

n

Bt a/E o (a)
The total number of acceptable. events is given by:
= + ' - ’
Ay =A T A+ Ag , (ALT)
and thévmicrobarn equivalent by:

m, = oo/ALL . e (A18)

- As an alternative, we could use

-1 -1 -1 -1 o
m,~ = @l oyt myt o, (A19)

which is.just a disguised way of writing Eq. (A;?). Table II-A summarizes
the calcﬁlations for regidhs 1, 2, and 3 by giﬁing‘total acceptable events,
acceptable pion events, and their difference. ..

In Table IV of Section III,,ﬁe quote for the regioh "All events
recorded,"” which is the sum of what we haﬁe here called regions 1 and 2.

This number is obtained from the formula analogous to Eg. (A19).



_L6-

The errors in each calculated quantity is determined by computing

the changes in the quahtity when each indepehdent variable, one at a

time, isichanged by the amount of its error. ' Then the chahgés due to

each inaepéndent variable are added in quadrature, and the sgquare root

of the result is the error on the guantity considered. Except for the

error on'El, only statistical errors are considered.

Table IT-A. Summary of effects of proton contamination.
Region 1 2 3

i Total 453214241 11900:230 7H071+108L
“acceptable
events

A Acceptable 39477623 11333243 6908L+1191.
pion ' ' '
events

(T*-a) Acceptable 58585 566277 4986367

proton : ) :
events

*Includes the elastic scattering correction
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FIGURE CAPTIONS

Fig. l, Most frequent stréngé paiticle.topologi§5'fbund in fhis experi?
menﬁ;’ | .

Fige 2,  Définition of £he bubbie chamber cdordinéﬁé system. The y-axis
is'in‘the dirécfibn of the 72;in¢h cha@ber, iﬁe;; approximately iﬁ
the beam direction; The z-axis ié‘ébpfoXimétély along.thé difectidn
of thé;magnetic fieid and into the'caméras.v fhe origin 1s placed
appféximately at the bottomvof the chamber,:midwéy between the entrance
and;ékit ends, and midWay betweén the Sides.of the chamber. The angle
@ i§ qéiled the azimuthal ahglé. The aﬁglé;xrié‘calied'thevdip angle.

Fig. 3o Séétter plot of the center-of-mass degé&fé&ﬁinevversus‘the iab
deca.'y:é.’zimuth for the Z+' - mr+ decay. The plot éonta.ins 753 Z+
decaysé : - v ‘ S

Fig. hf '(é) For 176 events ambiguoué between reactions iv and v of Tabie
I, the distribution of decay cosine of the photon w. r. t. the beam
direction; both directions taken in the 5° Centér of mass. (b) Same,
except w. r. t. the outgoing n . (c) Same, except W. T+ t. the K .
(d):Scatter plot of the cosine from Fig. hp_vérsus the cosine from
Fig. hq for these evénts where the events in the Peak of Fig. ha
‘have been removed. 75 events.  (e) Same distfibﬁtioﬁ as Fig. ta for .

events which fit reaction v unambiguously.

‘l‘l\

Fig. 5. Dalitz plotvfor reaction ii of Table I for 48 events:where the
o . ... ‘ ‘ ’
K is visible.
. . . . +.0 . L
Fig. 6. Distribution of n K° mass for reaction ii.
Fig. 7. Dalitz plot for reaction iv of Table I for 239 events where the

A is visible.
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Fig. 8. Distribution of Ax' mass for reaction iv.

Fig. 9."Dalitz plot for reaction vi of Table Ivfor 92 events where the
K® is visible.. |

Fig. lO;v bistribution of K+£6 mass for reaction_iv.

Fig. li}f‘Triangle plot for reaction vii of Tablé'I‘for 323 unambiguous
_evéhfs; o - |

Fig. 12;  Distribution of pr mass for reaction vii.

‘Fig. 13;  Distribution of K+K_ mass for reacfiﬁh vii.

‘Fig. k. ‘Distribution of K+K" mass'for reaction vii for 161 events with
pn+ maﬁs betweén il60'MeV and 1280 MeV.

Fig.’i5."°Distribution of n+K— mass for reactioﬁ vii.

Fig; 16.  Distribution of K~ mass for reaction vii.

Fig. 17 'ﬁistribution of pn+ mass for reacﬁioﬁ vii fbr the 27 events
with K'K™ mass in ‘the @:band.

- Fig. 18f" ﬁistribu£ion of'pﬁf mass for pn+KdE6, (a) 39 events with two

visibie vees, COrfesponding to pn+K§Ki, (b) 110 events with one visible

vee, (c) appropriaté subtfaction to give distribution corresponding

_—
to px

0_ 0
_KlKE‘
R ' . . . + O . + 00 .
Fig. 19. .Dlstrlbutlon of n K mass for pr K’ K , each event plotted twice.
(a), (v) and (c) as for Fig. 18.
. SO . . 0.0 _. + 0 0
Fig. 20. Distribution of K K mass for pr K K , (a), (b) and (c) as for
‘Fig. 18.
. . . . o + 0.0 .
Fig. 21. Distribution of pK mass for pnr K 'K , each event plotted twice.
(a), (b) and (c) as for Fig. 18.

" Fig. 22. Distribution of momentum transfer, t, for reaction i of Table

I. (a) Région of the fit, resulting slope is (8.4*1l.lL) (GeV/c)'QQ
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(b) Entire distribution where the first 6 points have been replaced
by .'the; fitted curve. Thevma.ximl‘lm -t of 5.6 _(G‘eV/c)2 corresponds to
an incident momentum of 3.8 GeV/c. The point between 2 and k4 '(GeV/c)2

is'd_e_termined by only one event. |
: SRR Y s + +

Fig. 23. Distribution of t' = |t| - |¢| ; ~for x'p > 2(1385)°K .
The fit, taken over the four interior point’s,': gives a slope of .
(3.0£0.6) (Gev/c) 2.

. N + .‘ .,

Fig. 24. Decay distributions for the £(1385) in the Jackson frame.
(a) is cos(@) and (b) is the azimuthal angle ®. The curves are
prediét_e’d from the model of Stodolsky_é.nd Sakura.l

. - > . . - + ++_+_ -

Fig. 25. Distribution of cos(@) for the K’ K system for np » A KK .

Fig. 26, Distribution of cos(a) for the KK system for reaction vii

n ' ++
of Table I, where the A" has been removed.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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