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THE K p INTERACTION FROM 864 to 1585 MeV/c;
'CROSS SECTIONS AND MASS DISTRIBUTIONS

'Roger W. Bland, Michael G. Bowler'!, John L., Brown'TT,

John A, ‘Kadyk, Gerson Goldhaber, Sulamith Goldhaber}, Victor H. Seeger,

and George H. Trilling
Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, California 94720
| May 1969

ABSTRACT -~

In this paper we present, for five momenta from 864 to 1585

MeV/c, cross sections for stable final states and for resonance
’

production, and an analysis of thé KNr Dalitz plots including the
effects of K*( 891)-A(1236) interference. | We see strong inter-
ference at aill momenta where the K* is present, with the relative
phase of the K*N ,and KA amplitudes remaining constant as a func -
tion of momentum, We‘combine our cross-section resﬁlts with
those from other expériments to study the momentum dependence
of the partir;tl cross sections in the region of the 1250-MeV/c peak
in the total cross section; we find that the total cross-section curve
can be represented as the sum of paz;tial cross-section cﬁrves, |
each one smooth and without a peak corresponding to that in the

total cross section. Thus this structure is not due to structure

TWork done under the auspices of the U.S. Atomic Energy Commission,
H-Present address: Nuclear Physics Laboratory, Oxford, England,

H.TPre.sent address: Stanford Linear Acceleration Center, Stanford,
California,

iDeceased.
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in any single'partial cross section, but rather to the shafp rises ‘of
the single- and double -pio‘n-pfoductiOn channels é,t Widely separated
thresholds. This intérpretation is at variance with a conventional
resoﬁance interpretation of the observed structure in the total

cross section,
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1. INTRODUCTION

In meson-baryon scattering the KN system is unique in having no well-

established direct-channel resonances. The KN cross sections are the smallest

of the meson-baryon cross sections, and show the least structure as a function

of energy. ‘This is perhaps related to the fact that a KN resonant state could

‘not beleng to the well-known singlet, octet, or .decuplet representations of

SU(3), but would require an exotic representation such as 10 or 27, for which

there is no other compelling experimental evidence. In terms of the quark

- model at least five 'quarksv would be required, qqqqq, instead of the usual three-

- quark representation of baryon states,

This experiment was orginally plarined as a detailed investigation of

K+p interactions from 860 to 1585 MeV/c, just above the inelastic threshold.

The -K+'p cross section was known to rise sharply from 14 mb to 18 mb in this

1,21, 24

. momentum interval, leveling off at highér momenta. ) Recent precise

measurements by Cool et al, 2’3) and Bugg et‘al.‘4) show a émal](z 1 mb) peak

at about 1250 MeV/c beam momentumT, If interpreted as a resonance it would

be strangeness +1 baryon (Z ) with mass 41910 MeV, width 180 MeV, and

isotopic spin i’, belonging to a 27-dimensional representation of SU(3).
-In this paper, one of a series of detailed papers on K+p interactions
between 864 and '15‘85 MeV/c, ‘'we discuss cross sections, including those for

resonance production, at 864, 969, 1207, 1367, and 1585 MeV/c. Another

paper of the series is on elastic scattering at 864, 969 and 1207 MeV/c, 5)

and a subsequent paper will discuss the detailed properties of inelastic final

TThe va_lhes of o, that we used differ slightly from those given in Ref, 2) and

were supplied by T. Kycia on November 15, 1967,
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6-9

states. Several preliminary results have been published in earlier papers, )

2. DESCRIPTION OF THE EXPERIMENT

The film for this experiment was taken in _the' Lawré_nce Radiation
Laboratory 25~-inch bubble chamber filled with hydrogen, Po‘sitive kaons were
suppiied by a two-stage variable -momentum mass-~separated beam, 10) ‘The
target was in an extracted‘proton beam, external to the Bevatron field, per-
mitting operation over a wide range of momenta with positive or negative
particleé. ‘Bélow 1207 MeV/c, the KJr beam was pure to less than 1%, but
at the higher momenta there was séme contamination of the kaon beam, rising
from 2%at 1207 :MeV/c to 15%at 1585 MéV/c. Thé momentum bite was about
+ 3/4%. | | '

In Table 1 we give the nuvmber of pictures and the number of events
of each topology analyzed at each momentum, The momenta given in'this’ table
are average fitted beam momenta at fhe point of the K+ i-nteraction‘or decair.
The primary- measuring device for this experiment was the Berkeley Flying
Spot Digitizer (FSD),11) a rapid automatic machine measuring at a rate pf
‘about 100 events an hour., Two "Franckenstein' hand-operated measuring
pfojectors were also used, mainly for remeasurements. The measurements
were analyzed with two sequences of programs, both using two-view recon-
.struction; the FOG-CLOUDY-FAIR system, for FSD measurements, and
. PACKAGE, for the Franckenstein measurements. The only unconventional
feature of the fitting was ''total beam-tra-ck editing' of F'SD events. In this
procedure the measured beam momentum and angles were replaced by average

values derived from a subsample of events with well-measured beam tracks,
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Table 1.. Number of pictures taken and numbers of events analyzed.

Number of events

. Beam o : ‘ v
momentum Number of 2-prong, 2-prong,
- (MeV/c). pictures 3-prong noV “with V 4-prong Total
864 46 000 2 300 13000 | 350 20 15 670
‘ 25 000 1 100 8 100 . 500 30 9 730
969 . S
17 000~ - -—- -- 200 -- 200
1207 44 000 1100 12 600 1100 50 14 850
1367 66 000 1500 -- 1 800 400 3 700
1585 51 000 700 -- 1 000 900 2 600
Call 249000 6700 33700 4950 1400 46 750

?’Only VO events were measured in this section of film,
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using as errors the half -widths of the fitted beam momgnturri and angular dis-
tributions for the subsample. This procedure was followed because the larvge
incident ﬁarticle flux, 15 to 25 kaons per fré,me, caused a high failure rate for
FSD beam-track measurements, Total beam editing was notvnec-essa.ry for
- Franckenstein measurements, since the correvct bearh ti'ack c_buld usually be
.satisfact‘orixly located by the operator. |

v‘Afterrmeasurir_lg, fi’tfing, and inspécfidh of ic>>'niz.a_tion>Whére' necessary,
all events were either accepted, réméasdred, or rejected as one of a number
of distinct réject typeé. Siﬁée the production of two missing neutrals is very
small in our momenfurﬁ rang.el,f néarly a.ll wéllémeaé.ur\ed events were eXpected
to_fif sq.me- kinematically constréinéd- hyf)éth‘esis..'v For an event to: be accepted
it wais fix"svt.required that all Secondary tracks be well fneasur.e'd, as indicated
.by the sbread of fneasured points from the fii:ted curve., A kihematic -fitting
XZ' cut_of'fvwa_s then made, at XZ = 20 for elastic scatterings (confidehce. level
= 0,06%) and at the 1% confidence level for o.thevr hyﬁpbth‘e_se s. Events 'fifting
orily one fou’r-éonSti_'aint hypothesis (no missing neutz;als') w'e.rela.cc.epte"d
’ regardl.es‘s of whéther any of the one-éon'stfainf h-ypotheseé (one miséingvneutral)
gave a fit, A check of this procedure' on about one-third of such eventé, ;by
inspection of ioniza.t.ion,.' revealed no‘insfance in which a one-constraint fit
shduld have been chosen. Ambiguities among fogr ~constraint hypotheses were
always resolved by inspection of ionization, Events with‘ no four -éonstraint fit-
were loo'ke‘d at on the scan table, and ambiguities among one-constraint hypoth- *
eses remaining after inspection of ionization were always less than 2% of the
inelastic events, In the ca;se of a.mbiguitiévs between incider}t-K+ and _incident-'n'+
hypothe ses at the same .constra;int level the i»ncident-K+ was always c,hose.n.

After several rounds of remeasuring, the original sample of events

was resolved as follows:
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Accepted : ' 84%
Ambiguous . 0. 05 %
Unresolved (because of

repeated measurernent

failures) - o 2.5%

Unbiased FSD failures

(}not remeasured) ' 7%
No_nbea-m | | 49,
Fé.ke events_ _ v 1. 6%

No-fits . 0.4%
Zero -const_ra_int : 0. 2%'

For the purpose of computing cross sections the unresolved events

and unblased FSD fa11ures were dlstrlbuted within each t0pology propcrtlonally

to the numbers of accepted events in the varlous reactions, We discarded the

nonbeam events, '"fake'' events (mainly duplicates), and no-fit events (mainly

ve_vents arising from off-mornentum incident particles)., The zero-constraint.

“-events, due to 'secondary scattering or decays near the primary vertex,

were red1str1buted among the approprlate one~-constraint hypotheses For

further details of the analys1s procedures see Refs, ) and 13).

3. DETERMINATION OF CROSS SECTIONS

In-this section we discuss cross sections for final :-‘state's stable with

‘respect to the strong interactions; resonance-production cross sections are -

discussed in the following section. Our results are summarized in Tables

2a-e. A subsample of the film was chosen at each momentum for cross-section
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Table 2a. Corrected numbers of events and cross sections, 864 MeV/c,

Cross Section

Corrected Decay Counter
number of normalization normalization
Reaction events {mb) {mb)
K'p > K'p, cos 6 <0.9°  11234:173
v cm
~K'p, all cos 6__, 11608+ 190  12.37+0.49 11.98+0.27
nuclear only
+ 0+ -
K'p -~ K pn 1112 £ 48 1.19 £0.07 1.15+ 0,06
- Kpr® 354427 0.370.03 0.36+0.03
+ 127416  0.135+0.018 0.131+ 0,017
- K nrm v
-~ KNn 1590 £57 1.70+0.09 1.64+0.07
K+p — all final states 13198+ 198  14.07+0.55 13.62+0.30
KT - atan” 2220+68
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Table 2b, Corrected numbers of events and cross sections, 969 MeV/c,

Reaction

_+ + o
Kp—-Kp, cos Ocm< 0.9

~K'p, allcos 6__,
nuclear only

N 0 +
B K+p-rK pw

- K'pa’
Kot

-+ KN«

'} K+p ~ all final states

Corrected

Cross Section

Decay . Counter
number of normalization normalization
events (mb) (mb)

3848+ 95 ."

4063+107  11.63%0.74 11.68+0.21
895 + 43 . : 2‘.56:!:0.19 2.57+0.12

27724 0.790.08 - 0.80£0.07
104+14 -~ 0.30+0.04. 0.30%0. 04
1276 +51 3.65+0.25 3;_6710.14

5339+ 118 15.28+0.90 15,35+ 0,22

+ 4+ -
K —-7mmwtnwn

737+ 38

et
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Table 2c, Corrected numbers of events and cross sections, 1207 MeV/c.

Cross section

Corrected Decay Counter -
number of normalization normalization
Reaction events . (mb) _ (mb)
K'p~K', cos 0__<09 367121401
~ K'p, extrapolated 4252 + 105 11,8140.79 10.89+0.18 .
+ 0+ ' | L | |
Kp-> Kopn : ‘ 1966 + 66 5.46+0.38 5.04+0.15
- Kipr® | 704£39 - 1.95+0.16 ' 1.80£0.10
> Ko - 219+ 22 0.61£0.07 . 0.560.06
- KNm 2889 + 80 8.02+0.54  7.40£0.17
" ot _ ' :
Kp—- Kprn : 10+ 4 0.028+0.011 - 0.026+0.010
K'p - all final states 7451+ 132 19.85+1.28  18.3220.12

K+ - 'rr+1r+1'r- : 610+ 36




~ 2we take R(K" — n'n7)/R(K® - all modes) = 0.342£0.005, from Ref. °).
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Table 2d. Corrected numbers of events and cross sections, 1367 MeV/c.

Corrected Cross section,

number of ~ decay normalization
Reaction , events (mb)
K+p - Kop-rr +,- _KO—> 'n’+1r-_ - 1796+ 72
~K%x", al K® decays 5256+ 224" | 5.36+0.33
~Kprn | b4z 0,065 £0.012
K+p - K0p1T+TT0; KO - 1'r+1'r-' - ‘2_'0_‘3;6
- K%r"r®, an KO decays 58.6 +17.6> 0.060+0.018
., ) ) - o v
~Knrn, K -mn REEE R
0 ++ .0, . +12% 0 ang 0,042
- K nrn L all K decays 8’_8-’-6 L ,0'009 -0.006
Kkt - afnt S 146759

16,
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Table 2e. Corrected numbers of events and cross sections, 1585 MeV/c.

Corrected Cross sectioh,
number of decay normalization
Reaction events _ (mb)
K+p - Kopw+, ' K0 - n'+1r_ 789 + 40
0+ 0 a
- K pw, all K decays 2307122 5.0+0.4
K'p > K'pnin’ 172 £ 19 0:38+0.05
- KopTr+1rO, KO - 1T+1T- 50+ 10 -
» K%'’ all K decays 146 £ 29° 0.32£0.07
> Konr ', KO - ote 13+5
> Konrn', all KO decays 38+ 15% 0.08+0.03
K+p - K+p"rrf1'r-1_ro 4 t ‘21'2 ~ -0.009 -l_: g'gég
: - ' +7 +0.015
: ."#'-K.Op‘IT‘-l-TT . 3 -2 ~+0.006 0.004
+ + -

K srmow

590+ 34 events

2 We take R(K? » n7n7)/R(K® > all modes) = 0.342+0.005, from Ref. '°).

16
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determination; a.t 864, 1367, and 1585 _MeV/é most of the film was used, and
at 969 anci 1207 MeV/c,” SIiéhtIy less than half. The nurhbérs in Tables 2a-e
refé.r't'o' these selected téross-.secti‘bn sample.s, and the numbers of events in
Table 1 refer to the entiré' sampie of film ahalyzéd. In the analysis of reso-
nance .production the entiré éample was used, |

Before presenting cfoss sections. we conside‘f small corrections for

. several experimental biases: beam contamination, scanning loss, K, escape

1

loss, and Coulomb effects and loss of short protons in elastic scattering.

A. Beam Contamination

The r_e' is little contamination at .mome’nta below 1207 MeV/c, but at
the higher momenta pién c_bntamination becomes a significant problem. Because
" of this problem, at 1367 and 1585 MeV/c only 3-prong events (K' decays),
4-pf§ng' events, and events with a visible v0 decay were measured, The 3-prong
and v° top_olbgies are not easily simulated by incident pions, and were assumed
to bé free"(;f Coni:amihati().n:. The 4-prong events were ‘.subs'ta'ntiavlly contami-
nateci by incident pio'ns_‘.but. the sekparétion‘ of K+ events from 1r+ events\b.y

fitting and inspection of ionization §vas quite adequate for the small number of
~events o'bser_ve'd.‘ The Z-p'rongs were measured only at or ‘bel'ow'1207 -
MeV/c, “and at 1207 MeV/c a correction for pion contamination was made.

' For-tﬁié purpose events f’romb half of a roll of 1207-MeV/c incident-w film,

. exposed at the time of the K+p ruﬁ, were mea.sxi'i‘(.e'd. _ These events were
o processed in the sarﬁe way as 2-prongs in the K+ film. About 30% fitted as
appare'nt'K+-induced"events, -and the remainder fitted o;'lly as 1r+-induced
elvents. Ffom thé number of evénts in the K film identified uniquely as

m -induced events, it was then possible to deduce the number of 1r+ events
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incorrectly identified as K+ events. These were substracted from the final
states of the 2-prong topology, in proportion to the numbers of accepted k'
events in the incident-n sample. At 864 and 969 MeV/c the pion contamination

was negligible even in the 2-prong fopology.‘

B. Scanning Biases

At each momentum a sample of film was rescanned, and a topology-
dependent correction was made for each reaction, The single-scan efficiency

ranged from 90% to 97%, varying with topblogy and momentum,

' C. Short-Proton Loss and Coulomb Corfection

Elastic scattering events with short récoi_i proton tr'acic§ beéo;’ne
increasingly difficult to detect as the scatte.ring angle dvec.rease.s. For K+p '
elastic scattering with cos .GC- m. = .0.9, the recoiling proton has a st_opiaing
range of 14.6, 17.0, or 29 cm, at 864, 969, or 1207 MeV/c, .respec‘t'ively.

To ‘minimier the short-proton bias We deleted from our sam.g)le'élalstic scatter -
ing events with cos 6>0.9, and m'easurcd the cross section for elasticbscatter-
ing with 51 < cos < 0.9. We then calculated a cross section for ﬁuclear
~elastic scattering at all angles, .This required é. correction for Coulémb effects
and an extrapolation of the cross section-to 09 < cos 8< 1,0, both of which

are model-dependent., At 864 and 969 MeV/c wé‘used- for this purpose the
partial-wave amplit.udes from our ph_a‘seeshif:t analysis bf the élastic scattering
“events., 14{) The nuclear cross section so obtaineci is lowef by 0.4 mb at 864

MeV/c and by 0.2 mb at 969 MeV/c than that obtained by extrapolating the uncor-

rected data from cos 6 = 0.9 to cos § = 1. At 1207 MeV/é we merely extrap-
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olated with a third-order Legendre fit.

D. Escapé Correction

' The typical KO

1 decay length in our experin.qen-t.wa.s small compared with

B the chamber d1mens1ons and KO escape corrections amounted to only 1% and

1
2.6% at 1367 and 1585 MeV/c respectwely. No correction was necessary at

'lowe‘_r _momenrt.a, since the lost Vo events were analyzed in the 2-prong, no-V

tcpoiogy.v

_ E. Estimation of Errors

'We have calculated the statistical error on the number of events in each

reacti_On. Sinc.e the statistical uncertainty in the corrections was fairly small,

‘the final sta’,ci'sti;cal error is approximately N1/2, where N is the number of

e'vehts'. To t’ahe acc'ount of pessible systematic errors we introduced an arbi-

trary "Systemanc error' of Ni/z, to be added in quadrature to the statistical

error, The resultlng errorl was thus taken as approximately equal to (2N) /2
The corrected humbers of events in the samples of film used for cross~-

section determination are given in Tables 2a-e,

F. Cross Sections

At each momentum we determined the number of decays of K+ beam -
particles via the 7 decay mode, K+ - 1T+T w , by measuring and fitting 3-prong

events, The cross sections normalized to T decays were calcu1ated from the

~formula .
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Ninte raction B AH
N

o = X .
Ndecay e pHZ A

where

AH (atomic weight of hydrogen) = 1.008,

3 1

N, (Avogadlg'o's number) = 6, 0248 X 10%3 ‘mole” ,

P H2 (density of hydrogen in the bubble chamber*) =
© {0.0608 + 0.0010) g/cm>, |
- pbeam/MK+ !

2.998 X 1010_ cm/sec,

O.
1l

7 (K lifetime) = 1.235 X 10”8 sec19),

B (K branching ratio into the 7 decay mode) = 0.0557+ 0.000416).
The resulting cfoss' sections are given in Tables 2a-e.

At 864, 969, ‘and 1207 MeV/c we ‘have-also computed cross sections
norfn‘alize'd to a smoothe'dv version of the total cross section measurements by
Cool et aL 25 3). and Bugg et al. 4) ( see Fig, 11). For the error ionvthe total cross
section we used the smaller of the statistical errors given by the two counter |
"’f.gr‘oups'; This error is statistical only, and future cha'ngesrin._th.e cross-section

values comparable to the statistical error due to improved analysis of system-

atic effects cannot be ruled out. ' e ‘_ S 1

TThe density of hydrogen was determined by measuring the stopping length

- . ' + + ' 15
of a muon from the two-body decay of a pion at rest, 7 - pu 4+ . Ref. ).
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4 CROSS SECTIONS FOR RESONANCE PRODUCTION

Inelastlc K P mteractlons in the momentum reglon of our experlment

"~ are dommated by a few 51mp1e processes:

51ng1e pmn produc t1on

K p»‘Kop-rr.F',v L o o (1)
ok p_ﬂo, TS
et

" and double -pioh pr oduction,

ek,
.- KOPT\‘+1TO U . o - . (5)
o 0 U L SR,
=K n1r+1r+_"‘, S - (6)

+ 00 -. oo
-...AK pr w ‘(underconstrained), ‘ (7)
- K nr np' (underconstrained). (8)

We d.iséuss only the first six reactions - as the last two reactions have two

,‘mlssmg neutrals and are therefore not k1nemat1cally constralned In this

sectlon we use the mass dlstrlbutlons for the inelastic f1nal states to determine

'the various resonanc-e-product1on cross sections.

A, Slngle Plon Productmn

“T.,in Figs. 14

 The 'Da11tz plots for the ‘smvgle-pio‘n-production reactiohs are shown

¥ I.n the KOTr p Dal1tz plots at 1207 1367 ~and 1585 MeV/c

'we see a clear dommance of the quas1 -two- body f1na1 states:

T_Numerieal tabulatiops of Dalitz_ plot populations and other data are given in

Ret. 1),
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K+p — K°p1r+
900 events

K*p — K*p 20
301 events

(GeVa)

kY — kTt

. 105 events

04 0.5 0.6 0.7
»MKW.(GeV_ ).

 XBL696-2949

Fig

S

1. Single-pion-production Dalitz plots at 864 MeV/c.
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k' = K%r
: ‘1320'evem‘s

K+p - K+p7r°
387 events

K'p = k*n=ot
156 events

1l L ] [P FOUE T

0.4 0.6 0.8

2 .2
MK‘"‘ (GeV©)

XBL696—2950 -

Fig., 2. Single-pion-production Dalitz ploté at 969 MeV/c

UCRL-18758
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K+p -—>K°p1r+
3000 events

(GeV?2)

2
N7

M

PRSI VUUN TUDUY TOUUT TUU TOUOY TR

K+p — K*tnnt

359 events

1 ! 1 | T 1 1

0.4 0.6 0.8 1.0

‘M2 (GeV?)
Kmr -

XBLESE ~295!1

Fig. 3. Single-pion-production Dalitz plots at 1207 MeV/c,
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K+p — Kop 7r+, 1367 MeV/c
1503 events

(Gev?)

K‘+p ~‘K°p 1r+;1585'MeV/c
750 events

0.4 08 1.2 1.6

: 2
kr (GeVT)

XBL696-2947

UCRL-18758

Fig, 4. FSin'gle —pioﬁ-production Dalitz pldts at 1367 ‘and 1585 MeV/c.



-20- UCRL-18758

K'p - KA(1236)
N ,
K'p > K¥(891)N
-' K
The resonance bands are well defined, andrthere' appears to‘. be little nonreso-
nant b_ackground;‘ The 1207-MeV /c da.'té seem to show cénstruétive iptverference
at the crossing of the A and K bands, -_At 864 ‘a'ndvv969 MeV/c, below K"
threshold and near the A threshold, there .are no clear resbnance band.s, since
the 120-MeV—Widq A cove‘rs'thé. entire Dalitz plots. It will be shown, Howevef,
that A producvt_iron.domi.nates at these momenta é.s well, . In order to draw
-__quantitative__ co'nciusions fronﬁ the Dalitz plots éne must construct a model for -
the sing.l:e -pion-production reaction, We w‘ill.cons‘ider. fh:ee i_no‘dels: a._non—‘
interference _rhodel which we expect to,b.e valid '_c'ﬁinly i'ﬁ'fhe pa_.r‘t of.the Dalitz
- plot outside the K*;A vovverlap lregion; an en_lpi.rvical rhodel inéludiﬁg K*;A
inteffe”renée; ‘anél a.-specvific partial-wave model invoi’ving as sumptiong as to the
K A and K*N >amplitu.c1evs.' | | B

a, Noninterference Model

One can repi’esent the Dalitz plot density for produc.t.ion of a single
resonance rathef generally vas. thevp.roduct bf a Breit-Wigner function, a |
produ.ction _anguiar ‘momentun') barrier.faétor, and a funétion specifying the
density distribution with_iri the reéonapce band along a liné of fixgd- resonance
mass., The latter function, whose fofrﬁ is détermine'd by the s?in of the
B 'i.deéayihg resonance, i‘s usefullyb represented in terms of an 'angle N. For the

N7 system, we define X\ as the decay;angle.,' in the Nw c. m., of the pion’with

N

respect to the outgoing kaon, as shown in Fig. 5. Along a line of constant
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Fig, 5, Definition of me the pion decay angle in the Nw c, m, with
respect to the direction of the outgoing kaon,
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2 2 e : : ) - ,
N’ MKTT varies linearly with cos )\N-rr’ where cos )\Nn' = & 1 corresponds to

the edges of the Dalitz plot. For thé Kr system we ‘simiiarly define )\IKTT as the

M

decay angle of the pion with respect to the outgoing nucleon, in the Kv c. m. Since
both the A" and thve K* décay in p waves>>, their decay distributions in X must Be
of thé form - - | | |
| W(coS)\’)oc1+Acosz>\.‘ o o - (9)
The values of A fof the two resonance are left as frée parameters to be varied
in the fit, ’7
The choice of a particular pr.odﬁcfiqn _s??lgill?? mom_en_tu.rnlbvarri_e'r is a
definite.dynamical assumption. Oﬁe éxp;ects rather low partial wave'é in the final
state., especially at our lower'mome'nté., laind various as sﬁi_npti_dns for the final-
state orbital angular momentum can be compz.xredﬂ with the data., Near thréshold
the N7 mass distribution for A production is st‘rohg;ljr.:‘d‘epend,_ent o‘n the angular
momentum state in which it is produced. If the ‘final_-rstaté KA system is in a
relative S wave, the mass spectrum is the product of phase space énd thé A- Breit-
; Wigge;".h;jfunct.i'on. :.For nénzero 'orbitai angular rpoméntum in the final sfate‘, how -
éver, the angular momentum barrier factor will have a dependence on outgoing A
momentum favoring High momenta, Vlea.d.ing to Suiapressidn of high Nw masses,
‘This effect is illustrated in Fig, 6, where the Nm mass distributioﬁ ét 864 MeV/c
is compared with the p'réd.ictions for phése space and_for A prdduction in §, P,
and D waves. We have used an a.nguLlar momentum barrier fgnct-ion of the forrﬁ ’
) = (’2—3—2->1 L (10)
4 qg +X
‘vv'v_he.re q is the outgoing kaon 'momentum in the overall c. m. and where for X
"'Ne take X = mp /NZ =500 MeV, as sﬁggeéted by the p -exchange hypothesis for
A production, Other values of X over 250 MeV give almost indistinguishable

results. Of course, as X is decreased to zero, the P- and D-wave curves
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Fig. 6., Experimental M%\In distribution at 864 MeV/c, and the
predictions for pure A production in S, P, and D waves,
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approach the S-wave curve. The 'dafa shown in Fig. 6'.é.re' iric.oAnsist_evnt with -
any superposition of phase space and \S -wave A productidn, “and thus require
thé presence of A production in a higher.parfial wa,x}e. " On the basis of the
excellent agreement of the 864-MeV/c data with the P-wave predictions shown
in Fig. 6, we 'us'e a P_—wa_vv'e:‘ barrier fac_tor for the I_{A‘_finalv _‘st_at'e'f. For' f_he K*N .
final staté we also u's-e a'P"—wa_vev b'aljrier4factorv, although with weaker mot,i-”
vation than fdr the K& final sﬁateTT.. -l;‘or th:e’invejr_seb rgdi@s 9£ iptefa_étipn,, we
take X = mw/\/'Z—, because of the e’videnée of S. Goldhéber et é,l. v.fab.voring w-
exchange in this reaction, ',18) ' |
| . The D‘a.li't_z plot density isv'given under these aSsurﬁptions by
d%o
2

| (11)
dMg AMy

=a +.b,1x"; tely

’ TWe_ have also shown the'prodﬁction and deca;y angular di.étributions to be con-
sistént s%}ith production largely through P waves. '»'I“h_is is fﬁrthéi‘_ﬁdo_r_e» the
p;'edic'tion- bf the Sfodolsky-Sa_kurai p. -exchange model near thréshold; see -
Ref, | 9) » | |

C tiWe have.two 're’as'ons for-prefer'fing a P-wave K*N fiﬁal state: Firsté,_ the
interferenc'.e in-odels gi’ve- much bcttef fits 'with P-wave than with S-wave K*

- pfoduction. Second, we see gtrbng K*-A .interfe'rence. in thé KNr Dalitz plots,
and ".such interf.é“r-e;ﬁc.e canro'cc{ir only betwéen finai stateé wifh'th'ei samezo{révvrall
spin and parity; hence in the KA'finai state _i's_ dominated by P wa;ves, fhe K*N

final state is also largely P wave.
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L . -

whe»re.
Lo* = BW, K1+ A *cos®h, y—B S (12)
KT K - K Kn' 2 2
qK*v+ m, /2
- .2
I =BW (1 +A cosz‘)\.‘ ) —— Na . S (13)
| Ina P
p
| Po - | .
S s ™o C(14)
BW=— — P — ;. .
' NoT (m~ - mo) + (F.mo) ‘ .
- P /0 )} k. B ).
and  T=T, - /Vp2+m2 = o - (15).
P , i 0 )5 :
,he’ré ‘m . and I‘o ére the hominal resonance‘\m_ass and width, tak’en"as 1236 MeV

0
‘and 116 MeV for the A, and 891 MeV and 50 MeV for the K', m is the appropri-

‘ate diparticle m‘ass.,”_p'o and p are the wa—body c. m., 'decay momenta correépond_

3 ‘ - e . s o
-ing to m, and m, and qK* and_qA are the K and A- momenta in the overall ¢c. m,

0

‘b, E'rhpii'i»'c'al interference model
An apprbxifnafe‘ way to include i'nte_rfe.re,nce effeqts in the absence of a
detailed calculation'is to modify Eq. (12) to

ado /2

o _ - | N
5 5— =a + b IK* + c IA+ Zd(bcIK IA) cos (b A ¢K>'f + ¢O). {16)
de'rr drnN_" o ' : '

"Here IK*’and 'IA are the same as in Eq.«:( 11), ¢K* and ¢A are the phases of the

. * . . . . .. .
A and K amplitudes due to the complex Breit-Wigner amplitude, and ¢0,1sr-

."_an add_itional constant relative phase; to be vari‘ed_iri the fit, The factof_d," o

o also varied in the fit, allows for less-than-maximal interference between the

K N and KA amplitudes. This interference term is a simple, though inexact

-

empirical substitute for a detailed calculation based on a specific choice of

 amplitudes.
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c. P-wave interference model

A constrasting approach which has prefriously_been discussed with a
more preliminary version of the-datag) is to choose definite partial-wave ampli-
tudes for the K*N and KA final étates, and to caléulate the resulting Dalitz plot
density including the _interferencet. This is a t_hedreti_ca.lly more éorrect pro-
cedure, but the choice of partial waves is a.,lmost-a_s arbitrary as the assump-
tions of the empirical interf_e'l;ence model, In choosing the A amplitude we are
.guided by the good qualita‘ﬁ_ive agreement between the A production and decay |
angular distr_ibﬁtions and the Stodolsky-Sakurai p -exchange rhodel. (See Ref, 8.)
- Since in this l;nodel P-wave producfion.' of th_g A 'do'mi'r.la;ces near thféshold, we
take‘ for the IA a-rhpzlitude the P-wave terrﬂs of the 'p -ethé.ngé‘ amplitude,

| AKa) =X g - (Zp +iGxP)BW, , N )
\'vhe:re q’ and q' are the incideﬁt and outgoing kaon mémehta in. the overall c. m.,
a;nd p is the rh(:;ﬁlentum_of the deéay pion in the A c.m. vFor K* productién we
~do not have a clear indication from thc; data of an appropriatebamplitlude. We

chobs_e a P-wave amplitude analogous to the A amp'l_itude,.

o (18)

aK*'N) ~ X &' - D BW
where q aﬁd q' are the incid.enté K and éutgoing K* momenta in the overall c. m,,
and p is the decay kaon rﬁomeﬁtum in the K* c. m ' Thié predicfs for the dis-
tribution iﬁ the K-K scattering angle o, W(cos o) = sinz a, and for the Treiman-
.Yahg angular distributién; W(e) = sin® <i>, in rough agreement with the data.

Here too our amplitude corresponds to the P-wave terms. of a vector-exch'ange

19). '

TThese calculations are described in Ref,

-
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am litudeT. The Dalitz plot density is then given by
P p y g
2 : i ) ‘
. - % A
- "‘2_—“d o 5= & Ia(K N) + a(Ka)e ,OIZ + phase space . - (19)
dm_, dm3. i .

Kr " "Nmu
When this expression is expanded and integrated over the final-state variables

other than the Dalitz piot variables, there results

d“o . 2 3 ...2 2
> 5 = qN BWA(i + 5 sin )\N-n') + qK_TrBW

. 2
% sin~ A
, K K
deTT dmNTT

(1

et : . » » N 3 h - 9
t2NZ aya . (BWK* BWA) Sin My, sin hg cosle, - dy* + ¢)
-+ phase space . ' ' (20)
The similarity to the empirical interference model should be noted; for

AA = - 0.6 and AK* = - 4, the direct K N and KA terms are of identical form,
and the interference terms are similar, being (aside from the cos ¢ factor)
IiositiVe everywhere in the Dalitz plot, and zero at the edges. For other values

of A * the empirical interference term, although still positive, no longer

v vaniéhes at the edges of the Dalitz plot,

B. Results of Fits

In Table 3 we'give the results of fitting all our single-pion-production

Dalitz plots for fractions of background, A production, and, where appropriate,

K production, In Table 4 we give the corresponding resonance production

cross sections, obtained as follows: At 864 and 969 MeV/c and for the K'r'n

TSpecific ally this corresponds to the P-wave part of the vector-exchange

amplitude given in Ref. 20), with the choice of coupling constants GV = - GT'



Tahle 3. Fractions of A production, K production, .A -K . interference; and other results of fits to the single-pion-production Dalitz plots.

The crrors quoted are statistical only, and are modified as described in the text before calculating the cross sections given in Table 4.

Momenturm  Final'  No, of : o, " : _ % BK*-a % - o
(MeV/c) state  events - quel_ X /d.o.f. @ A, AK* % Ka BK p int, bkgd, (deg)
1352 K%' 108 No-interference - 7.0/4 -- -- -- 63+36. -- -- 37%36 --
785% . Kopﬂf 569 'No-interfefénce ‘ 23/11 ' -- -- == 55+9 -- -- 45+ 9 --
864 KOprt 900 No-interference  9.5/14 -- - -- 7527 -- - 2547 -
» K+p'rr0 301 No-interference -~ 9.6/15 -- - -- 52+ 15 -- - 48+ 15 --
K'nr® 105 No-interference 10.9/6 -- -= -- 63£19 - -- 37+ 19 -
969 K%r" 1320 No-interference 40.3/20 -- -- -~ 94x4 . . . 64 -
K+p1'ro : 387 No-interference 18.3/9‘ -- -- == 54+9 - - -- 469 -
Kl an® 155 ‘No-inté;feren,ce 14.5/8 -- - - 80+ 14 _-i- -- 20 14 -
1207 Kop‘n'+ 3000 Empir. interf, 47/27 -0.5310.07’ - =0.50+£0,07 0.21+0.18 68+3 212 6x2 5%2 3847
P-wave interf, 99/30 - ‘ -0.6 -1 59%2 17+1.5 742 182 36£5
' No-interference 156/28 -- -0.3840.07 0.60£0,35 77%2 29+ 1.7 -- —6:1.4 --
K'or® 1134 Empir. interf,  19/22  0.5440.09 -0.51%0.16 0,4040.40 4544 383 6+4 114 40%10
' P-wave interf. 58/25 - -0.6 . o 36+4 3423 1+4 29+4 48+ 8
NOeinterfere‘née ' '64/2.3 - -O.Z‘O:tO.'iz. 6.9010;40 56 14 . 463 -- -2£3 -
K nn 359 Nc_»'-,interfe_rence 11/14 - - fiee 5857 C-- - 42+7 --
1367 K%n" 4524  Empir. interf. = 39/22 6.53¢0:08 '_-'0.51*0;.11 0.70+0.35 57;,_2.4 3262 14225 02,5 257
?-wave interf. 81/25. i -0.6 -1, 47+1.6  26+1.9 13x2 1422 2846
No-interference ~95/24 - -0.55%0.10 1.2£0.4  66£2.6 4323 .  -- 916 --
1585 K%' 754 Empir. interf.  16/46 . 0.6640.43 -0.50% 0,20 -0,5£0,30 41%3 433 1143 53 29£9
P-wave interf, 41/1§ - -0.6 . . -1, 36+2.3 4bu 2.5 éﬂ 1343 4349
No-interference a7/47 -- S1.00£0.15 0.00£0.25 523 433 - - 63 --

a, Given here are results from a fit to the mass distri.b_utions of Fillipas et al., Ref, 22).

84L8T-THDN
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: Table 4 Summary of cross sections for A productlon K productlon
and background, :

= = " .
‘Momentum | o(Ka) oK'N)  o(K'-a int.) o{bkgd)
(MeV/c) ‘Reaction (mb)- { mb) (mb) (mb)
735% . K'p - K%'p 0.0820.06 -- -~ 0.05£0.06
| - KaN - 0.41z008°  -- -- e
pozd 0 S o _
785  K'p =K m p 0.19 + 0,04 -- -~ 0.15+0.04 .
> KN, 0.25£0,05° - -~ L ae
864 p - k%p 0.86£0.12 -- -- 0.29£0.42
- K 'n'op 0.19+0.08 -- -- 0.47+0.08
~K'r'n 0.0820.04 - -- 0.05£0.04
> KaN - 1.13£0.15 -- -- 0.51+ 0,145
1969 K p— K r'p 2.42+0.19 -= -- 0.15+0.15
k% 0432044 0 -- -- 0.37+0.11
~K'n'n 0242007 = -- -- 0.06 £ 0,06
> KrN  3.09%0.23 -- -- 0.580.20
1207 K'p ~ KOTr p 3.43%0.32 . 1.06+0.20° 0.30£0.30  0.25%0.30
> K'rp 0.81£0.14  0.68£0.44 . 0.41£0.44  0,20+0.14
+K'r'n 0.32:0.06  -- e- . 0.2420.06
—~ KnN  4,56+0.35 4,74£0.23 0.41+0.33  0.69+0.34
1367  Kp-K'wp 3.05£033 4,724£0.24 0.59%0.27 00,27
' 7 -~ KmN 4.1 +0, 4P 2.6 £0.3° 0.8 +0.49 -
1585 - Kp—Krmp 2.05+034 2.45£0.35 - 0.55+0.30 0.25%0.30
o - KN 2.7 £0,4° 3.z'¢o.4° 0.7 +0.4% --

~The numbers glven are results of our fit to the data of F111ppas et al,,

Ref 22,

b. We have used R(all N* charge states)/R(N
'c. - We have used R{all K charge states)/R(K

- p) = 4/3,
*+—>K ) = 3/2.

d. This assumes only isotopic spin conservation, as in b and ¢ above
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" final state at 1207 MeV/c we have used the noninterference results, multiplying

: 5 *
the errors by N2 . In the other cases, where the K is present, we have used

the results of the empirical interference model, doublin"g the errors. In the
following discussion of the results we justify this procedure.

- At 864 and 969 MeV/c and for the K+n1-r+ final state at 1207 MeV/c,' the

e

¢ _ 2 & i s
- K 'is not present, There we perform a least-yx fit to the m%n distributions,

o P |
"using an appropriately modified form of Eq. (11), -

- q Pay -
dzo =fa + ¢ BW(a) No \ Nm | - (21)
. . Al |
rnNTr ) . 2 mE ™
ANg T2

where the symbdls ha';;e the same meaning as 1n Eqgs. (11) - (15). The errors
given in Table 3 are statistical only. To ,é,ccount for i)os sible "th_eoreticai
error" in the assumptions of the model, we r-n.ul-tviply all errors by NZ b.‘efore
computing cfoss sect‘ions. A check on the results can be made by comparing
the cross-section ratios for production in reactions (1), (2), and (3) with the
9:2:1 I-)redicted By' conservation of'iso,.top_i'c.: spin.. Usirié the values of ’I“ablé 4,

which include the theoretical error, we find 92,0+ ‘0.8):(0.81-'0, 4) at 864 MeV/c

7"The KNt Dalitz plots at 864 and 969 MeV/c shéw an asymmetry favoring high

. Kn mass which cannot be descfibed_by Eq.'(_Z 1). Iﬁ our partial-wave analysis
of the KNn.final. state ('R; W. Bland, th_esis, University of California,. Berkeley,
California, to be offered as the next paper _of this series) this is attributed to
interference between A -production and backgroﬁnd amplitudes, Filippas et al.
(Ref. 22) observed the _sam‘e effect.at 778 MeV/c and a,rr'ived at the same
explanation. The effect changes sign across the Dalitz plot and so does not

a,fféct the mZ distribution,
: N7 ,
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and 9:(1.6 % 0.4):(0.95: 0.3) at 969 MeV/c,in good agr'eement.‘
e "
- Where the K is present the data have been fitted by the lea,st-x2 ‘method,

‘ dividing the data into rectangular bins in mIZ\ITr and mlz{n. Results for the three

different fitting hypotheses are giveﬁ in Table 3. The noninterference fit is
included only to show how strbngly the data reject it; this is overwhelming

. . ’ * ' . .
evidence in favor of the presence of K -A interference. In Fig. 7 we show some

results of the noninterference fit, for comparison with the more realistic inter -

fe.rencebmodels. We give the mé%‘spectra for reaction (1) at 1207 MeV/c; in

2 2 2
N N

. . . X S . *
‘the interference is maximal at the K mass, enhancing the K peak. In the

. the bands 1.4< My < 1.5 BeV® and 1.5 < M Tr<1.’7 BeV~. Inthe first band

. . ! ) . ’ ) *

.second band the interference goes through zero at about the K mass, thus
e * | . . *

shifting the K up in mass and suppressing the mass region below the K .

The no-interference model clearly does not fit the data in Fig. 7.

However, both interference models reproduce the general features of the data,

The. i'ather poof xz's for the P¥wave interference model seen in Table 3 result

K

‘ . ' . * . . ; . .
W(cos \) « s1n2 N\, requires that the K production intensity and the interference

‘ primarily because the Kﬂ< cos \ T distribution firédicted by the médel,
:vanish .at the edges of the Dalitz 'plcl)t, invclear disagreemenf with the data shown
" in Fig. 3. The .m_c}re'genera.l empirical interference model gives a better
r.epresentation of the data, and has by far the lowest XZ for all data samples.
Even so, the fits to the.lar_ger.data samples are not very good, probably due to
" our appr.c.)ximat_e treatment of the interference,

| ‘The empirical interference model results in Table 3 and the cross
sectiéns in Table 4 show an e:ncouraging consistency. The A -production cross
sections in reéctions (1), (2), and (3) at 1207 MeV/c are in thé ratios

. | .
9:(2.1+ 0.4)40.84% 0.15), in good agreement with the predicted 9:2:1. For K
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T T T ] T
K*¥p = k°pwt, 1200 Mev/c

Empirical interference model

— — — P-wave interference model
—+—+ No-interference model

2
Gl

Events / 0.02 GeV®

XBL696-2970

F‘ig' 7. Experimental MK d1str1but10ns and the pred1ct1ons of the
models discussed in the text,
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pfoduétion the ratio fb»r. reactions (1) and (2) is 2:(1.3% 0.3), also in good

' a.gr;eemeh_t with the predicted 2:4, The parameters d, A A *, and ¢g should

K
be the sa_rne for reactions (1)‘ and (2) atv12'07 MeV/c if the rhodel is correct,
and the agre’ement'seer;fin Table 3 is remarkable. In fact, the data from all;
the fits.-ar.e gonsistent with the H.ypo_thesis tha§ d, »AA, AK*" apd '¢O are constants
ihdependerit of mome_ntﬁvrn.-bv. '

' As a further test for the s.tabilify of the empifical interference model
sdluigiozhs we have repeated the fit to the 12'07-MeV/c Kop-rr+ data with seve ral
modifications of the'formas‘:lisrri." The"cha'nges and their e‘ffe.cts on the x_z‘ and

parameters are described below; changes in th_'é parameters described as small

.are le's‘s than 1 sténdard'devviation; moderate, 41 to 2 standard deviations;

_arid’-large, éreater than 2 stahdafd deviations,
| “(a) Replé.ce A 'productidn ba.rlri'e'r factor by 1 (S-wave A.production),--
XZ c.lvo__ubl'evs,v moderate chanée Séen in _¢0, large Changes iln ‘o.th'er. |
| _péfam"eters.' _ |
(b) "Repla.c.e K* production bar'ri’ér factor By 1 (S—v‘v::n're.'.K»< production)--
‘ ‘XZ aoubl.e s, moderate cha;nges‘ s.e.en in param’etérs, It is interesting
'”;to‘ néte that, whereas the interference fits are quite sensiti\.r_e to
‘»thé production partial wavés of the K#, the noninterférence fit is
not ne_afly 50 sensitivé. |
: (_c). " Repla.f_:e A barrier factor by qlz\Iw -- x.z increases by 6, rnoderaté
: changes seerll 1n the pa,ra;rneters. ,
,(d): Repl::ic_e_K#< b’a’rrier. factqr by qf{“_ - XZ., unchanged, small changes
| seen in the paramete_rs. » | |
' . (e) In thé expresvsio.n'for fhe energyv-depen‘dent K* width (Eq. 15), bré‘place :
m. by & =- XZ decreases by 1.5, small cha‘nges seen in the parameters.
: o ! L
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A Results a and b above assure us that the P-wave barrier factor is realistic,
The less drastic changes c,‘ d, and e are all plausible alternatives to the
. formalism used, Iand give us some estimate of the “theoretical uncertainty"
in the model. On the basis of these results we double the ‘statistical errors for
.the empirical interference model fits given in Table 3 when computing cross
sections,

From our ahalysis of t;he single-pion-production Dalitz plots we draw
the following conclusions: (1) strong K*-A interference is required to fit the

L ' [

data, at all momenta; v(Z) the 'rfasona.nce-_dec:ay parameters and the interference
parame'ters, including thevre_ia“l.tive phase of the K*N and KA amplitudes, remain
constant from thé center of the first total—ﬁross-section peak to well abov'e it; ‘

(3) the empirical interference model provides a useful parameterization of the

' single -pion-production Dalitz plots.

'B._Double Pion Production .

The threshold for reacti‘on (4), K+p_—> K+p1r+_1r-, occurs at 820 MeV/c
beam fnornentum, but, as is clear from Té.ble 2, the.cross section remains
very small ﬁp to about.15 00 MeV/c. There the.cross section starts to climb |
rapidly, with the quasi-two-body final state K*( 891)a(1236) dominating the

reaction at higher momenta, 29-32

) The effective threshold for double -pion

. production appears fo be the K*A threshold, occurring at 1750 MeV/c for the
central resonancé masses, but occurring consideraQny lower (~ 1506 MeV/c)-
.- for production on the low-mass tails of the resonances, A further indicatioﬁ

: % . . . .
-of K A dominance is seen in the relative cross sections for reactions (4) - (6).

. . . . * . o -
From conservation of isotopic spin the K A final state must divide among



R
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-35- | UCRL-18758

reactions (4) - .( 8) in the ratios 18:13:2:2:1. Our data at 1367 and 1585 MeV/c
are. consistent with these ratios. »

In Fig, 8 we show a scatter plot of Mp"+ vs M +ﬁ- for reaction (4) at

K
1585 Mer/c, and in Fig., 9 its x and y projections., Double-resonance produc-
tion is seen on the scatter plot as a clustering of events néar the high-mass
kinématical limit, The projections show Kal< and A peaks shifted well below
their usual positions, the result of being below the nominal K*A threshold, To
demonstrate that we are indeed seeing double-resonance pfoduction below
threshol& an.d to deterrﬁine ifs cross section we mad.e a fit to the triangle-plot
poimlation, ass‘uming an incoherent superposition of four prpcessés: (i) K*A
_doﬁble-resonan;:e prociuctio_n, (ii) A production with a nonresonant K+ TT’-’

(iii) K* production with a noﬁresohant p.1r+, and (iv)‘ totallyl nonreéonant phase-
space backgrounci. This gives, for the triangle-plot population, |

PP 4 (22)
cmAK

‘where BW is the p-wave Breit-Wigner function given by Eq. (14), dem is the

- * %
A or K momentum in the overall c.m., and P, and pK* are the A and K

decay momenta in their respective c. m.'s. The parameters o, B, andy are

' varied in the fit, with® determined by the overall normalization. The triangle

plot was divided into 43 rectangular bins, and the best-fit XZ was 13.4, for

niné_ degrees of freedom, We also tried several variations on Eq. (22), using

. different forms for the energy dependence‘ of the resonance widths and multi-

m 2

: . plying the first term by an angular momentum barrier factor qc?;m/(qcz:m ),

2

: : *
corresponding to P-wave K A production. These different variations give
somewhat different values _vfor @, B, andy, with comparably good fits. Taking

this range of values for the parameters into account in estimating errors, we
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conclude that K*A producti.on comprises 65+ 15%of reaction (4), with a cfoss
section of 0,25+ 0.07 mb. The remainder of the reaction is divided between
babkground and AK+1-r—, in a ratio not well determined by the fit. The K
and p1r+ mass spectra corresponding to our fit are drawn on Fig., 9 (solid
~curves), along with the K*A component (dashed curves).

In Fig. 10 we give the friangle plot for 57 example; of reaction (4) at
1367 MeV/c. The same fitting procedure at this momentum gave inconclusive
results, due to poor statistics and the small spéﬂ of allowed phase space,
. However, the cross-srection“ratios for>ré.acti6ns (4), (5); and (6) suggest that

. . . * e
the reaction is still dominated by K A production.

5. ENERGY DEPE’VNDENCE OF K+p CROSS SECTIONS

In Table 5 we give a summary‘ of all available K+p partial cross sections
for final states involving production of up to two pions, from 0.6 to 3.5

21-33

BeV/c. ) At those momenta at which only selected final states were

measurea, the cross sections must be normalized to the nﬁmber of observed
7 decays, and we quote the published cross sections and errors. At rnorhenta
at which all final states were measured in the bubble chamber we have renor-
~malized the published data to the counter measurements of the total cross sec-
tion, according to the following procedure:

A. A counter value for the total cross section is taken from -the smooth
curve in Fig. 11. The curve is a hand-drawn representation 6f the counter
measurements by Cool et al, and Bugg et al,, drawn to joih smoothly onto the

S-wave effective-range solution of S. Goldhaber et al, 2.1) below 600 MeV/c.

We have ignored the peak-dip structure in the Bugg et al, data near 650 MeV/c.
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Table 5. K+p cross sections from 0.6 to 3. 5 BeV/c.

Beam

+

N:ogle\;]/tz;n (nulélga.r) Kobﬂ+ K+p1r0> l<+rur+ kNﬂ K+p1r+1r~ Kopvr+1'ro Konw+n+ KN Total References
0.642 12.24£0.7 0.06+0.03 12..3t0.‘7 21
0.735 - 0,43£0,04 0,03+0,04 0,02+0,014 0.1810.61 ) ) 22
0,785 12{.»1*.0..3., 0;34:!: 0.03 0.,11+0,01 0.0710.01. 0,52+0,03 . 12.6+0.3 22, 23
0.810 iZ.i:t 0.4 0.6316.08 0.22+0.05 0,11+0.04 0.96+0.10 .13.110.4 - 24, 25
0.864 12.0+£0.3 1,45+0,06 0.36%x0.03 0,13+0,02 1.64£0.07 1360, 3
0.910 2,4%0,2 26
0.969 ;1.71: 0.2 2,57+0.12. 0,80+0.07 0,30+0,04 3.67+0.14 15.35 +£0.22
1.14 4.6+0.3 ‘ | 27
1.207 10.9+0.2 5.04+0.15 1.80+0,10 0,56+0,06 7.40x0.17 0,026+ 0,040 0.029+0.041 18,320,142
1.367 o 5_.41 0.3 _ ) - 0,065+0,012 0,060+0.048 - 0,009+ 0.009 th‘147*0‘025
1,455 9.5+£0.3. 4940.3 1.9+£0,2 .1.34:&0.10 8.16;;0.39 ‘.0.1510.04 0.08+0.05  0,02+£0,02  0.28+£0.07 17.94+0.10 28
1.585 ' . 5.040.4 | 0.38£0.05 - 0.3240,07  0,0840,03  0,8640.10
1.96 6.8:!:0-.5 4.220.5 19403 45203 7.420.5 1.64+£0,20 1.24+0.20 0,32+0.10 3.5+0.3 17.61+£0.07 29
2.26 2.640.3 ' 1L740.2 30
2.65 2.740.3 2.540.2 1,940.2 0.64+0,12  5.5+0.4 31
2,97 4,8+£0.4 2.1%0.3 2.3%0.3 2.1&6.3 ‘ 6.6#0.2 5.5+0.7 - 32-
2.97 2.3£0.3 1.1x£0.2 1.0£0.2 4.-4:1: 0.4 . . 32
5.46 4,4% 014 1.8710.09 1,32£0,07 0.81.:0.4 4,0+ 0.4. 2.1x20.2 .2.,240,2 0.5+0.1 5.3+0.5 .33

a. '_I‘he KNnn cross section is calculated with K*-A dominancé assumed -- see text,

—Ov-

86L.81-1¥Y0N
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‘production cross sections as functions of beam momentum,
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!

For the error on the counter tota.lrcross section we take the smaller of the
errors from the two experiments. Below 900 _MeV/c', where o__lir’smoothed total
cross section curve begins to differ 'f’rOm.the ngg et--al.. vmeasu.rér'n‘ents, we .
increase tﬁe erv.ror'.s' on the counter me,a-s.ujr'émer.xts appropriately.

B. The counter and bubble chamber cross seﬁtions are then averagéd
N statisticvally, assuming the bubblé charﬁber i)a1:t§a1 crbss sectiéﬁé to 'b'e statis-
tiically,independent. Specifically, “if there are N'i;)a_rfial cr"<”)s‘s sﬂectior:is mea- |
;ured by the'bubble chambef .exp.erim.ent,. wé perform a one -;c;'o)f:l:s‘traint N-
parametef least-squares fit to the N + 1 data values. Two furtl}er remarks
on the compilation of the data should be made:
(a). At 'rnom_e‘n__t'a. up tbi-vd..r.O‘é:eV/c we quote nu;:le_ar Hcr.oss sections, exeluding

. Coulomb effects in elastic scattering; the corfection is obtained from published

partial wave solutions. 21, Z-4) Above 1.0 GeV/c.the correction is assumed to.

‘L._’Bé'ne"glig"ib_le.

(b) Since only three o_'fj;he five KNnw fi.nall; ‘sl:-ateus are accessi,blve> to kinematic
fitting, wé have obtained a total KNwn cross section by assuming that the KNmn
_ finé.l states are dominatedv"by _K*A ‘production, a supposition which has good -
expérimeﬁtal support éven down to 1.58 QeV/c, near threshold for K*A . On
this assumption the Vunseenv final srtates représer_lt 8% of the tot.al KNur produé -
“tion Aand the_co_rrec;ti_or} is ‘s.r_unall.b

vIn Fig. 11 we show fhe cross éj‘ectioné fo'hr the p;dce.sées :
K'p - K'p , | o -
K'p > KNr | |
and K+p - KNnw
from 640 MeV/c to 3.5 GeV/c, and in Fig. 12 the resonance production cross

sections, i~
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K'p > KA (1236) ,
K'p - K'(891)p ,
K'p ~ K'(891) A (1236) .
These data ean be summarized as follows:
(a) The elastic ecatteriﬁg cross section drops steedily frem-'a;boﬁt 12 mb
at 800 MeV/c to 4.4 mb at 3.5 ‘GeV/'c. | |
(b). The sirigle -pion-productie'n channels dominate '_'che" ihe;l'a._'stic pfecesses up
to .1.v5 Ge‘V/c." They rise rapidly' as the K+ momentum increases above 0.8
GeV/c,'l_‘each e b:road maximum of about 8 mb.nea.r. 145 GeV/c, and then
, slowly and Smoothiy dropv off. | |
 (c) The two-pion produetion remains vergr small from threshold (0.82 GeV/c)
to about 1.5 GeV/c, ‘arid then rises ai)ruptly. Presumably the explanation of
this behavior lies in the dominance of K*A productiqn., 'who:'se evff'ec_tive' |
threshold lies hgaf 1.6 GeV/c. _
(d) Three -pidn pr_o'de.ctior'x (not shewn'in Fig, 11) is neg_ligi‘bie up to 2 GeV/c.
(e) A and K* production rise rapidlyv_from_their t.hreeholds, then fall off.
somewhat more slowly, | | o ‘ | |
(f) a -K.*'doubl_e-:.rvesvonance production rises slowly.from -i_t.s threshold to a
broad vrnva_.xirvnum é._bove 2.5 GeV/c. |
v ..The curves in Fig. 11 are smooth hend—drewn r_epreeentations ofjt-he_
data, Below 2 GeV/e they are constrained so that the vsum'of'K+p,' KN, andv
KN7w cre_ss sectio.ns equals the total cross sections. The remafkable feature
is that the structure at 1.25 GeV/c is very \v.nelllreconst.ruvcte"d by the sum of
three struc.tureless channel cross sections. The ihte.ri)re;tationvbf that struc-
ture in terms ef contributiens from the various chan'ﬁels can then be expressed

in the following terms: The rise above 0.8 GeV/c is associated with the rapidly
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in the total cross section occurs, ’) -
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rising smglc -plon cross section, the maximum be1ng reached when th1s rate
of - rise is just balanced by the rate of drop of the elast1c cross section, This
max1mum is followed by a drop as the s1ng1e—p1on cross section levels off
and the elast1c cross sect1on continues to decrease, Flnally, _this drop is-
arrested when the two—_pion cross section begins to rise at about 1.5 GeAV/c.

Thus the structure in the total cross section at 1.25 GeV/c does not arise from

_structure in any single part1a1 cross sect1on Rather it is a consequence of

the sharp rises of the single- and double —p10n-product1on channels at w1dely
separated thresholds. Although'the available data are not suff1c1ent to prove
it, | it is qui‘tev reasonable to Suppose’ tha’l: the additional small structnre
observed by Cool et al. may be a consequence of the fact that the 3w cross
sectlon becomes s1gn1f1cant only at K momenta substant1a11y above 2 GeV/c

at which point the 2w channel has ceased r1slng and the’ combined KN, KN, |
and KN cross sections are rapidly dropp1ng |

~ It should be empha51zed that thls interpretation of the structure in the

- total cross section is at variance . with the conventional _resonance_ inter-

pretation but completely in accordance with the fact that the detailed behavior

of angular distributions and polarizations in the inelastic channels varies

~ slowly and smoothlyi even through the momentum region in which the structure

9
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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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