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Orin 1. Dahl, Philippe Eberhard, William E. Humphrey, 
George R. Kalbfielsch, James S. Lindsey, Deane W. Merrill, 

Joseph J. Murray, Alan Rittenberg, Frank T. Shively , i 
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1. INTRODUCTION' 

.. ' ' . ' About 70000 picture'. of Z.45-Gey / c K- -p biteractions have been 
, ,,' ,:. , "t 

' obtainec1ln·the present 12.ln~h hydrogen bubble-chamber experiment. " 
\ , 

Approximately 24 000 events of aU topologle s . except i -, 2 .. , and 3 -prong 

events have been measured, and 500/0 have been remealSured. We report. 

here on a st~y of the production of known re8o~cea in the reactions: 
'.~ . 

, , i 

R" + .p - A +,,+ + ',,- (1) 

K-+ p - 'A+,,+ +,,0 +,,- . (2) , , 

, : The cross sectlon for production and number of events In rea.ctions 'U) and' 

(2) are given In Table 1. . 

11. Y~(t38S)' ANDp PRODUCTION IN'THE REACTION R-p .. U\,,+,,- , 

To estimate the amount 01 resonance production, we have assumed, '. 
,> 

no inter,ference between ,pr~duct!On of Y~+. Yt-, ,po, 01" background. 'We " 

cOllstructed a likelihood function. aesummg pharle space lor. the nonresonant 
, " 

. ' 

'background and a ~tr1x element proportional to [(M _ M6)2 + (r /2)Z] -t for' .. ~:-. 

each resonant process, independent of any alignment. Masses and widths used 

in calculation of the likelihood ,fv.n~lon are given in Table II. The fit corre & 

sponding to the maximum likelihood 11 shown in Fig. t as a solid curve ove!" .' ' Work done under the auspices of the U. S. Atomic Energy Commission. 
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bletograms of the mae. distribution of the ~vents. We aleo show phase space. 

normalized to the total number ot-events, for comparison. The percentag~s 

of thla flnal atate contribut~d by each proce •• are 'given in Table m. Even 

though Interference may be important in further analysis of this final state. 

the mass dlstrlbutlons clearly do not give much information on this Interfer~ . , 

ence. 

Figure Z is a plot of the angular distribution in production of the three 

resonant states. We ~ve defined a vr band as A." invariant maS8 between 

/ 

t.33S and 1.435 GeV/c2'arid a.p band as .,,+.,,- mass between 0.665 and 0.865 OeV/c2 
- . 

for selection of events to be included in angular distributions •. For the y~ 

product~on, .Fig. Z a and b, the solid histogram corresponds to the angular 

dlstrlbut1'on of those y~ events that are not alao in the p band. The dotted 

histogram la an cutimate of the angular distribution. for aU v:; the contribution 

of events withln the p band is estimated from Y: event. outside the p band 

that, upon a parity reversal of the Y~ in ita center of mass, become events 
. . 

in the p band. This technique of treating the Y* -p overlap region is described 
.... ~. 

in reference Z. 

In Fig. Z c, the soUd hlatogram corresponds to all events in the pband. . ~~ . 

The dotted curve is an e8timat~ of the angular distribution tor p' production 

arrived at by .ubtractlon of background estimated by parity reversal of A." 

events. This procedure i. equivalent to assuming phase space lor the non-Y! 

events. 

At thls momentum the v:+ ~d Y~- angular distribution. are markedly 

.. different from one another, and both distributions dlfler from 'previously .. 
reported angular distributione for the same states at lower momenta. 3 The 

p production angular distribution, alter background subtracti~n. ie statieticaUy 

very weak, and the forward peak la not stathticaUy significant. 

i 
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w. y7· p AND (j) PRODUCTION IN THE REACTION K-p - A '11'+ '11'0 11''' 

The effective-mass plots of this final etate show significant evidence for 

the production ot, y: ,,'PI and w. Other resonant production occurs! but 

the rate of production is significantly lower than it is for these re.onance8. 

Again assuming (unjustifiably) noninterference of varlou8 resonant atates 

and background, we have constr,ucted a UkeUhood' function simUar to the one 

described in Sectlon n for the eleven processes: 
to 

y:o pO 
') 

.: ylQl" p+ 
, i 

.: . 
, 
'\ y*+"o,,-

; . ~ 

y.o + _ 
f :,'" " , 

; , ~ 

y •• ,,+ ,,0 
1. 

A1f- p+ 

A"o pO 
w, 

A,1r+ p. , 

A 1r+ '11'0 11'- • 

The masses and wldths use~ In, calculating the 1~llho04' function are given 

in Table XU. Table IV gives the maxlmum likelihood solution lor percentages 

01 the final state contributed by each process. Figure 3 contains mass plote 
, ' , 

lor the two partlcle masses and \he 3" system. ' Monte Carlo events were' 

generat~d ior each process. The solid curves of Fig. 3 az:e obtalnedlrom,the 

~on,te Carlo events by welghting each event 111 propot:tlon· to the approprlate 

percentage in Table ~" Phase space normalized to the total Dumber of event. 

is .hown as a clashed Une In Fig •. 3. 
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The "-,, ma8S distributions deviate from the Monte Carlo repro'eentation 

of the fit at low ,,-11' mass •. because the fA) - Monte Carlo events (- 300) do not 

take account of the decay matrix element which sharpen a the distribution 

of 'IT-" masses in the w decay. 

The resonant production cros. sections for y~ and fA) are about two 

times those reported by Berta.uza et al. at this conference two years ago 
. . 4 . . 

for K- interactions at 2.24 aeV/c. Their numbers were preliminary and 
~ . 

based. on 247 Ii,.,+,.,o,,- events; 80 there Is' no real cUscrepancy. 

Figure 4 give II the angular distribution in production of the Y* p and 

A. w events. It an event happenodto faU in the overlap region of two . y* p 

charge combinations. it ill not lncl~ded in the angulal" distribution. Thel"e. 

Is no Y*p .A.w overlap. The" Aw angular distribution is given with the y~' 

events removed (solid curve) and with them inclUded (dotted curve). 

:t'he y* p and Ii w angular distl"lbutions indicate that aU kinematically 

allowed momentum transfers al"e involved In the production processes. The . 
y*+ p- events show a peaking at low momentum tl"ansfer,' whlch may,be'due 

to the pl"esence of an addidonal peripheral process. There is nO significant 

change in the ,A. fA) angular distl"lbution from that I"eponed at 2. 2~. aov / c by 

Bertanza et ale 4 

IV. CONCLUSION 

We have <1etermlned the pl"oduction cros. section for .the processes 

given in Table. ill and V and angulal" dlstl"lbutlODs lor the most copiously 

produced pseudo-two-body llna1 states. It wW be lntel"e.Ung to continue " 
• 

thla pl"ocedure throughout the Z.O· to 2.8.CeV/c K- momentum I"ange'for 

,many llnal states and try to relate the production Cl"osa sections by means 

of SU3 for different processe.. For instance, the y.~ p production should be 

I"elated to the ~·(1530) K*(888) production, aince in each case we have a 

/ 
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member of the well-known baryon decuplet ~nd a member of the well-known 

vector-~eson octet. 'At 2.45 GoV/c. the beam,le below threshold for thi. -, 

production; however, at 2.6 and 2.7 CoV/c ::;:*Ko production occurs. 5 
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,:: : Table 1. "Crosssecti?nsand numbers of events for 

,: .. 1 
K;",p-"A".+".- and K-p -.A'ft'+".o",-. ',". 

.,' ;;". 
================================-============= 

Reactio,u' .' ' 
.' :: 

, , . , 

" K- P - h ",+ 11 0 ,;,~, ,',:;, , 
1', •. 

• 1 

"" 

Number of 
events 

576 

1.508 
" 

a. Corrected for neutral A decay. 
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. '. . , 
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f : •••• ';.', 'j" 

.. >,', 
',." I: 

~ " 

: . .' .. ' 

...... 

.' 
'".', 

.... : ,< 

~ ',. 

::' 

" 

, a 
Cross section' 

(mb) 

0.44 It 0.03 

1.14 :l: 0.06 
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" 

'.' 

". ,~,able ll .. Masses and widths "used in likelihood 
"', '., 

"calculations for K" p - l\.,,+ 'If ... 
'" 

" :',-; 
A 

. ; '. j' ' .. Resonance Mass 
(GeV) 

" ~, 

~'. 

: .. ,' ~~" 

. '~';"'~ ;':-;"~'":.~ 
'.!. 

" 

. ~.' 
.. , .. ' 

, , 

. ,.' 

.. '.;. 
"',-'.' 

.,':\ 

.'.' .' 

. ~ . 

,;-.. " 
.. ' .. ~ 

, " 

't., 

;'­., 

, * ,'Y f + 

y*" 
, 1, 

" I 
,;' 

'j: 
c;,. 

" , 

'''.' 
:,': 

.1 ·"7. 

" 

, i ~ '.r, \. , 
I 

, ::/' 
.' : 

.,.. 
".' 

. ~ , .: 

.-

. : ~ .. 
', .. 1; 

" ',< " 

.. .. ; ',. 
,'." 

"",' 

. ~. ~ .. 

.'i .. ... 

'. 

, . 

~ '. , 

1.385 

i.385 

~ ... 

"" 

;; .... 
I', 

(' 

, ~', :. 

,'", 

Width, 
(GeV) 

0.05 

0.05' 

O.iZ 

:,,: 

'I.,' 

.' ... ' 

r 
.,t' . 

... ~-..... .. 
".< 

\ , ',' 

. .... ' 

'".' 

..... 

'.,' 
J 

;, 

'J; . 
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, ,': 
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.,; ..... ,., 

Tablelli., Ma.XimU~'~UkelihbOd '~~lutiOn for final-state 
i. " 

; ~ .. ~. ,I' ' contributions for each process for.K" p - A,,+ ", ... 
,.' 'I 

',I 11"11==0='11::'======================111.11==_===============_============r:SlIIZ. 

,,.;~,,: ,Reaction 

.,' ~ '.,' I 

'l{"p - YfiI+;"'" 'IT I, 
,\: 

'. ','. .,' "/' ' j',: 

! " 

I 
I, 

.1 , 

.:. '. 

Percent 

2i.8:l:3.7 

" '" 

8.7:1:1.9", 

-'::' 

~ , . 

',' 

••••. 1 

. ~ . ~:~ .. '.' 
"Phase space" 

:} .' , , 

=-,.: 

',' 
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". ,. 
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: .; : '~,', .., .. , 
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Table IV • 'Masses and widths used. in Ukelihood 

Resonance 

y"M'" 

'y." 

~ .: . 

p", 
\!', ; 

I, 

l@tA; 

. .:~ " 

'. ;, .. ~ . 

. ;. ",' . 

" , I , 

"",' 

calculations for, K- p - A 'IT'" ,"0".-. 

l L" 

,i 

.\1, 

Mass 
(GeV) 

" 1..385 

1.,.38~ 
'\", 

i,38S 
, \ ..... 

,'t· '. 

,;;( I !,' , 
~ . . 

'. ', .. ~. I :,: 

0.750 
::, 

'0.765 

'1,1,' • 

0.782 

1M a2b¥*,,'= 

'f", 

;.~' . 

, '.<. 

<A 

" , 

',",. 

4 

;. 

" 

, '. 

,",1 

;" 

" 

-.: 

$LGi 

Width, 
(GeV) 

0.05: 

0.05 

0.05 

0.1'50 

0.120 

0.035 

, 

i , 
I 
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Table V: Maximum-likelihood solution for final-state . , 
. ., 

r contributions for each process for K- p .. A ",f ",ow-. 

Reaction Percent 

K"p .. AfIJ 21..5:1: i..4 
./ 

K~p" y." p. • 12.011::2'.2 

K- P .. y*o pI) 5.0:1:1..9 
... - ~-

K"p ~ y.- p+ iO.711::2.t· 
, . .. 

V*+",&'1I'- . 
. , 

'K-p .. " 
: 

6.4:1: 2.3 
1 

K- P .. V· O 11'+ w-' > ... ' .. 8.5 zt: 2.2' 

K- P .. V·-1f+ 1f'o '4.7:1: 2.3 

K- P .. A,,- p+ ;,. 0( .. {.9):I: 2.4 
i 

K-p~'l1wopo 3.8 II: Z. i ' . 
.. <wi'. 

K-p" 111f+ p. 3.4:1:2.5 

"Phase spacelf 25.8:1: 4.8 ' . 

= • 

• 
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FIGURE LEGENDS 

,. Fig. 1~ Two-part1cl~ ~variant ... mass distributions for, A ~+ 'If- events. 

(Solid curve) likelihood fit; (dashed curve) phase space normalized 

to 576 events. 

Fig. 2. Production angular dletrlbutione for 

*+ ' (a) y 1 (1~8S): (solid) no p; (dashed) adjusted total distribution (see teXt) 

" (b) Y~-(385): (~olid) no p; (dashed) adjusted total distribution (see text) 

(c) p: (solid) all p: (dashed) adjusted total distribution (see text). 

Fig. 3. Two-particle and w+ wO w- invariant mass distributions for 

A '\'rt"o 11'- events: (solid curve) Monte Carlo representation of the " 
i 

likelihood' fit. (<.rJ-decay matrix element taken a8 a constant): (dashed 

curve) phase space normaUzed to 1508 events. 

Fig. 4. Production angular distributions 'tor pseudo-two .. partlcle final 

states in the A '\'r+ 11'0,,- final state. (See text for sele"ction criteria. ) 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1SS10n, nor any person acting on behalf of the Commission: 

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

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

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