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1. INTRODUCTION 

, About 70000 'pictures of ~.4S-GeV Ic K- -p interactions have been 
-. . .' '. . , 1 

obtained in the present 72-inch hY<:h"ogen bubble-chamber experiment~. 

Approximately 2.4000 events of all topologies except i-, 2-. and 3-prong 

events have been measured, and SOo//) have been remeasured. We report 

here on a study of the production of known resonances In the reactions: 

K-+p - 1\.+,,++11'

K-+p - 1\.+"++11'0+11'- .. 

• 

• (t) . 

(2) 

The cross sectlon for production and number of events in reactlons (i) and· 

(2.) are given in Table I. 
'. ! 

.'~. Y~(i38S) ANP P PRODUCTION IN THE REACTION' K·p - 1\,.,,+ '11'-

To estimate the amount of resonance production. we have assumed ftO 

lnterference between .production "of Y~+. Y~-. pG, ~r ~ackground. We 

constructed a likelihood lunctlon. assuming phase sp~ce for the nonresonant· 
• • • • .. ,# 2" . 2 - i . :'" ::. 
, .... background and a matrix element proportional to [(M •. Mo) +(r/2) ] for, .. ">' ,;:' . 

-.,,; . 

each resonant process. lndependent of any alignment. 'Masses and' widths:~, ,. 

------ .\ 

• Work done under the auspices of the U. S. Atomic Energy Commission. 
I . I 

'1 

I 

" , 

',' . 



'. UCRL-i i424 Rev. 

";'" ,"":' usedln caleu1atl~n of the likelihood function are given in Table ll. The fit " 
, "4' C .'. , .!' • . ... • ". 

, corresponding to the maximum likelihood Is 'shown in Fig. i as a soUd curve 
. '. • • , I '. .. . 

, . ~. 

F , 

" J,' 

over histograms of the mas's, distribution, of the events. In the A,,- mass , ;. ' :r',~ 
. . '. . /" ." . . " ." , . ~ . 

distribution the cUJ;'ve ha,is been modified to take account of the ndnisotropic decay .. >' " 
. '. " '. ,... ..::'-',1:::',,: 

••• ,..l. i , of Y~+ with respe~t to i~s,llne of £11~ht in the over81I,ce,n~e~'~f ~s'~. W~ also ":'; 

" .. '. ',I, • 

. . - ~ . 

'. '.-, 

", " 

{",. 

, , 
':,'/ 

',', 

'.~ . ','. 

show 'phase space, normalized to the total number of events., for comparison. I,' " .. ',,', 
• • • •• I' • • • .' '. .' • • -. ; ': •• ," "': '.~:, 

...... 
The percentages 'of this final state contributed by each process are given in" c' 

, t • : • 

., i ' '" • 

Table m. Even though inte~ference may be important in ,further analysis of 

this final 'state, the mass distributions clearly do not give much information 
, , 

on this interference. 

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

, ' 

. ", ,', 

Figure ~ is a plot of the angu1a~ distribution in producti,onof the, three ;,-', ' .. ;' 
, ' 

. ". . . :. ~ 

resonant states." We have defined a y~ .1~and a~ A" in~rla,nt mas~ between 

'1..335 and 1,.435 CeV Ic~ and a p ,ba~d,as ~+,,- mass between 0.665 and ' 
, ,,' . "'.'. . 

, 2' 
0.865 GeV Ic for selection of events to be included in angular distributions. 

For the y~, produc,tion, Fig. 2 a and b. the solid histogra:n corre sponds to 

the angular distribution of those y~, events that are ~ot als~ ~ 'the p band. 
o· •• ' 

The dotted histogram is an estimate 01. the angular distribution for aU y~: the 

contribution ,of events within ~e 'p band is estimated 'from y~ events outside. 

the p band that, upon a,parity rev~rsal 01. the yr in its ce,nier ot mass, be'come 

events in the p band. This technique of trea~ the y* - p' overlap region is 

described 1n reference Z. 

In Fig. 241 the solid histogram corresponds to,aU events in the p band. ' . 
, . 

The dotted curve is an estimate of the angular c:Ustr~but1on for p production 

arrived at by subtraction of background estimated by parlty reversal of A 'II' 
',' t~.:. '. ""I; 

events. This procedure Is equivalent to assuming phaee space f~r the nonAY!·: 
, , 

events. 
. t· 

., , , 

'':'. 

".,", 

" \" 

.. i 
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At'thh momentum the y~+ and yr- angular distributions are markedly 

dlfferent from one another. and both distributions ~ffor from previously 
. . 3 

reported angular distributions for the same states at lower momenta. The 

p production angular distribution, after background subtraction b statistically 

very weak, and the forward peak is not statistically significant. 

Ill. Y~. P AND w PRODUCTION IN THE REACTION K- P - A".+".o".

The effectlve~mass plots of thla final state show. significant evidence ~or 
• 

the production of Y:. p, and w, Other resonant production occurs, but the 

rate of production 11 significantly lower than it is for these resonances. Again 

assuming (unJultifiably) noninterference of various reSOl'1&J1t states and back

ground, we have constructed a likelihood function s1milar to the one described 

in Section II for the eleven proc~esees 

K~p - Aw 

y~+p

y~O pO . 

• 

YIIt - + i. p 

. y*+"o w· 

y~O "+"Ir

Y:-"Ir+"o, 

.A,,-p+ 

A ",0 po 

It. ",+ p-

It. ",+ "Ir 0 ,,- • 

, 

. ~ . 

The masse. ~d wldth'. used tn. c~~tlng ~e 1lkellh~c1 f~tloll are glve~ 1~, 
'! 

Table IV. The likelihood fits are not very sensitlve to the wlc1the used for the 

resonance., we find that 2010 changes in the width. change the solutions by 

Ieee than half a .tandard deviation. Table V givee the maximum lik~11hood 



-4-
". ; 

. solution lor percentages of the final. state contributed by each process • 
.... ' ... 

Figure 3 contains. mass plots lor the two particle masse.s and the 3",' systeni. '. 
" ' . . .... ' 

Monte Carlo events were ge.nerated for each process, The solid curves of 

.. '. Fig. 3 are obtained from the Monte Carlo events by weighting each event in 
. .. 

. proportion to the 'appropriate percentage In Table W. Phase space normalized ;; ,.' ~ 

. -.,.;... 
-'.:; . 

. '. to the total number of events is shown as IlL ~shed Une in. Fig. 3. 
c . 

'. 

The 11'-'" main distributions at low v-v maes get a large contributionlrom .... , ... :. 
:. r" ~ 

, ,'0 " ',. ;. .. 
the Co\) events (- 300). For these events it was necessary to take account of the 

.... :: .'; decay matrix element of the w whlch sharpens the distrlbution of 11'-11 maS8C'S • 
. ', :,~. 

. ... " 

The resonant production cross sections f~r Y: and Co\) are about two times" (. 

"-~ , 

. ' ! 

those reported by Bertanza et ,sl,' at this' conference' two years ago for K-

interactions at 2.24 GeV/c. 4 Thelr numbers were prellmiJ.18.ry and based on 

. 247 A".+".o".- events; so there is no real discrepancy • 

Flgure:.~ glv~s the angular distribution in production' ol'the Y· p and Aw 

. events, If an event happened to·la11.in the overlap region of two Y* p charge ., 
, ' 

combinations, it·!s not included in the an~ular distribution,:·, There ~~ no 

y* p - A w overlap. The'A w angular. distribution is given wlth the y~ events 

.. '. removed (solid curve) and with them'included (dotted curve). 

', ..... The y* p and Aw ·angula~ distributlons indlcate. that al~ ldnematlcaUY . 
. I,·' ,' •. , 

. :,' 'J .. allowed momentum. translers are lnvolved in the production processes. The 
, - " '., . ' .. 

",:, .'." . -:- .'.: . 
. ' I· .. 

y*+ p- eve~ts show ·a. peaking at low momentUm. trans!er~ which may be due 

.' to the presence of an,-additional 'perlphe'rai p~ocells. ,There is no significant . 
change in the Aw angular distribution from that reported at 2.24 QeV/c by 

Be rtanza et al. 4 
. " . 

" ~. ~ •• ' t' 

. ~"~'.' .... . .... ' .. ~;'~ < ~. ~: 
, : '. r • ~ • • <:L ~ . 

/ , ..... ;.:.: .,: .... , . IV. CONCLUSION , '. ..\. ..' 
, \... "" 

" " ". 

, . '.':' We have determined the production cross section for the processes given \' 

I,' : in Tables In: and V and angular distributions fo~ the m~Jt copiously ~roduced .. ', .. 
-·7

t
·,·: 

I 

pseudo-two:'body final states. It. will be bitereetl~ to continue thhl procedure 
'. . ~ . 

. ' " throughout the 2.0 .. tq 2.S-0eV/c K- momentum range for: many final statel 
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and try to relate th~ production cross sections by means of SU3 for different 
• . r. 

processes. For lnsta~ce. the .Y i P production should be related to the 

::;::*(i530) K*(888) production, since in each case we have a member of the 
, , 

well-known baryon dec;uplet and a member of the well.known vector-me8o~ 

octet . .At 2.45 QeV/c, the beam is below threshold for ~*K· productio~: 

, however, at 2.6 and 2.7 GeV/c :::*K· production occurs, 5 

', ... -...... -

" 

," 

, ' 
r 

: 

'\ 

- . ~ " 

",1 

• 
, ' 

.' , 

• 

... " ... 

• " ~o- " + 

t· 

' . 

.' . ,4 . ~ 

. ' 
<.' ~ 

, , 
1 
:i 

, 
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Table 1. Cro., s.ctlo~s &nc1 numbers of event. for 

K··p - A",+",- and K-p - h"+,,o,,-. 

Reaction 

K-p -A ... + ..... 

K- P - h ",+,,0 ",-

a. Corrected for neutral 

\ 
\ 

• 

Number of 
events 

576 

1508 
• 

A decay.' 

" 

Cross eecttona 
(mb) . 

0.68:1: 0.04 

t.78:1:0.07 

• 

l. 

• 
,I 
• 

I 
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Table II. Masses and widths ,used in likelihood 

calculations for K- p - A 1f+ w-. 

Resonance Mass Width, r. 
(GoV) (GeV) 

y*+ 
i i.385 0.05 

y*-
i i.38S 0.05 

pO ·0.765 0.i2 

J 

.. , 

" 

' . 

. > 

• 

'" 

-

,-
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Table m~· 'Maximum-likelihood 8o~ution for final-state 

contributions' for each process for 

Reaction 

K-p- Apo 

K-p- Y*+1T-

'K-p- Y*-1T+' 

"Ph~ue space" 

.' 

• 

. . . 

I. 

K"p - A1T+1T-. 

Percent 

21.8.3.7 

19.1*2.3 

8.7:1.9 

50.4*4.1 

, 
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Table IV. Masses ~nd width~, use,d in likelihood 

calculations for K- p _ 1\.,,+,,0 'If-. ' 

Resonance Mass ,Width, r 
(GeV) (GeV) 

:y*+ i.385 0.05 

y*- i.385 0.05 
• y.o I i.385 0.05 ' " 

p+ 0.750 O. fZO 

p • . 0.750 . 0.f20 
" 

, pO 
. i 

0.765 O.fZO 
'I 

c.l '. \ 0.782 0.035 .. 

"" 

.... 
. "' . 

- .... 

: . 
" 

• 
, , 

: •• " 0 

'. 

.. 

,r 

\ , 
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Table' V.' Maximum-likelihood 'solution for final-state. 

contributi~ns for each process' for K"p _1\"+,..0,,.-. 

Reaction Percent 

I 

K-p -1\w 2i.S:Id..4 

K- - y*+ -. P P • . 1.2.0:1: Z. Z 

K-p _ y*o pO 5.0:1: i.9 

. K-p - Y*-p+ iO.7:1:2.! 

K" P - y*+,..o 11'- . 6.4':1: 2.3 
( -'K-p - y*o,..+l1'- 8.5:1:2.2 

.\ 

. K- y*. + 0 \. 
p- .11',... 4.7:1:2.3 

K- P - h.,..- p+ O( -i. 9) :I: 2.4 

K - P - h. 11' 0 pQ 3.8 II: 2.1. . . -
K- P - A1T+ p" 3.4s1:2.~ 

"Phase space" 25.8:1: 4.8 

• 

• 

o· 

I 
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FIOURE LEOENPS 
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Flg. i. Two-particle invariant-mass dbtributlons for ~.'~+~. events • 

(SoUd curve) likelihood fit: (dashed curve) phase space normalized 

to S76 events • 

Fig. 2. Production angular distribution. for ;'.-
~, 

(a) Yt+(t38S):; (solid) no p: (dashed) adjusted total distribution (sel teXt) 
. . ~ 

(b) Y:-U38S): (,,'ol1d) no P' (dashed.) adjUsted'total distribution (se. text) 

(c) p: (soUd) all P: (dashed) adjusted total distribution (see text). ;. 

: r 

Fig. 3. Two-particle and 1f+ tI',,- invariant ma •• ·cU.tributions for .. 
, . 
r:, j_ 

A 1f+"0 1f- event.: (.oUd. curve) Mont~ Carlo represen~tlon of the . ..t~ 
~ • '. !! ~,~ 

likelihood f1tJ (dashed curve) phase space normaUzed to {50S eventi< 

, 
, F1g. 4. Production angular distributions for pseudo-two-particle final r 

.tate. in the A"+,,o,,· f1~ state. ,(See teXt for selection crlterlaj t· 
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