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. . . . 

Events of the type K- + p- A +w were studied in film obtained with the 
. . . 

72-inch hydrogen bubble chamber utilizing a bea~ of 1.51-BeV/c K~ mesons· 

. . d f h . B . . 1•2) extracte rom t e . evatron ·. ~ Approximately 65.0 charged w decays and 

about 40 neutral decays were analyzed. 

The follo.wing results are reported here: 

. a) .. the branching ratio of neutral to charged {three-pion} decay 

b} a limit on the natural width fro~ the predo1ninant three~pion decay 

c) evidence for the two-pion decay mode. 
. . 

.·At an incident momentum of LSi BeV/c (tot~l c. m. energy of 2.025 BeV), 

approximately 1300 events of the type 

- + -K + p-.L\+1T +1T . ( 1) 

and a similar number of the type 

- . + 
K + p - .L\ + 1T + 1T. + 1T o ( 2) 

were analyzed. In addition,· some 1400 events of the type 

. . . 

K- + p- .L\ + neutrals (3) 

were' processed. ··At present a systematic study is being made of the reaction 

K~ + p - A+ w as a function o£ K- momentum; results will appear in a future 

publica, tiort. 

For reactions (1 ); (2), and (3), an upper limit of· X 2 :::: 30 was imposed 

in kinematic fitting of the lambda decay. In ambiguous cases, whe1·e the vee 

'.1. 

1 Work done under the auspices of the U.S. Atomic Energy Commission. 
t Now at CERN, Geneva, Switzerland. 
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decay fittedboth K 0 and lambda, a de'cision was made on the basis of either 
. . ... · ' . ' . ·. . . ' 

the goodne.ss of fit of alternate production hypotheses or the ionization of the 

decay tracks. A production hypothesis (for ;reaction (1) or (2)] was accepted 

when its X 
2 

value was less than ten times the number of constraints and the 
~ . 

X"' value for any other hypothesis was higher re'lative to the number of con-

straints. 
. ·. + - . + -

The separation of :E 0
'TT 1T from the A IT IT events removed about 

7a/o of the A'rr+IT- events. but left a re~idual of ~oiT+IT- events which was only 

. 5o/o oi t..~e A 1T +IT- sample. [For more .details, see the earlier report1) .. ] 

THREE-PION DECAY MODE 

The effective-mass spectrum of the three pions in reaction (2) is shown 

in fig. 1. It is apparent from this spectrum that a large fraction of events result 

from the two-step process: 

+ - . 0 
·W-;. 1T + 1T + 1T ' (4) 

For w mass limits of 760 to 810 MeV, about 650 w's are observed above 

background. The background can be estimated as approximately 15% of the 

events within these mass limits. 

The c. m. angular distribution of the recoil lambda for the events sa tis-

£ying K- + p- A + w kinematics is given in fig. 2 •. The w' s are produced pre-

·dominantly in the forward direction. 

The cross section for the two-step process (4) has been found qy com-
- . - ' . . . 

'paring the number of three-pion w decays with the number of T decays in the. 

same film sample. After correction for scanning efficiency {about 90%) and 

for measurement failures (about 15% loss, mostly in kinematic fitting), this· 

cross section is 800 ± 40 JJ.b. The process K- +. p- :Z 0 +. w is thought to account 

£or an enhancement on the high-mass side of the w peak in the mass spectrum 
;~' 

of fig. 1. Measurement errors may allow events of this type to fit hypothesis(2::. 
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Detailed study of the .. !: 0 w ·.reaction is difficult, since it is not kinematically 
. . 

overdetermined. The number of events of the latter type which give spurious 
. . . 

fits to the Aw hypothesis is estimated to be less .than SoJo of the Aw events: 

· NEUTRAL DECAY MODE 

The square of the missing neutral mass (or recoil mass), of reaction (3) 

· is shown in fig. 3. Here also the presence of w production and decay, 

K- + p - A + w, w - neutrals, (5) 

. . 

is apparent in the enhancement occurring approximatelyat the square of the 

w mass. (Instead of the linear mass scale of fig. 1, the square of' the missing 

n1.ass is used a~ the basic scale of fig. 3; the latter quantity is approximately 

no1·mally distributed, even in the vicinity of zero mass~) Some 40 events are 

· seeD; above background. 

The cross section for 'the process given in (5) has also been obtained by 

comparing these events with the number of 7 decays in the same film .. With 

corrections for scanning efficiency (about 90%) and for measurement failures 

(about 1 Oo/o loss in track reconstl·uction, lii.rgely fro~ p~or measurement, arid 

about 13% loss in kinematic fitting) the value is 83 ± 22 !J.b. 

· From the -above cross sections, the branching ratio of neutral to three- . 

· .. pion w decays (i. e. , presumably ofrr 0y 'to rr + rr -rro final states) is . 

r (neutral)/r (3rr) = 0.11 :!: 0. 03.: (6) 

. .. -.·-

·-.· .. 
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WIDTH OF THE w MESON 

Dete;rmination of the true width of the three -pion w decay is difficult. 

The mass spread due to measurement error alone, called the "resolution function, 11 • · 

is determined from the effective-mass errors calculated by our IBM program 
.. 

EXAMIN; t~ese calculations are based on momentum and angle errors determined 
i' 

by our prog:ram PACKAGE, which effects the track reconstruction and kinematic 

fitting of evep.ts. The errors on kinematic quantities determined in track recon

struction appear to be underestimated for the particular film sample considered 

here •. The x 2 
distributions obtained i~ fitting the events have appro~imately the 

correct form, but have median values that are about twice those expected. ·Under

estimation of fitted errors yields a resolution function with too small a width. 

Thus unfolding the resolution function from the observed mass spectru~ gives 
·, 

too large a value for the width of the w. (Without correction of the res.olution· 

function, a sample of the best-measured A.w events yields a value of 14 MeV for 
' 

the over~estimated width.) 

The distribution of errors calculated in the effec;:tive mass of any particle 

system is generally assumed to be Gaussian. This was checked for the w; 31T 

events by assuming the natural width of the w to. be much smaller than the pro-
, 

gram.-estimated mass errors, and by histogramming the events as a function of 

(M.;.Mw)/dM. This histogram was found to have a Gaussian form and further to 

have a variance (M-M )2/ciM2 
. w 

. . . 

of about 3.0 rather than the value 1.0 expected for 

correctly estimated errors. The mass spectrum thus was consistent with the 

-X 2 distribution in that the errors appeared to be underestimated .by a fact~~ of 

~t.J~ fro~ the f,ormer, and by a factor of t.JZ: from the latter. 

One possible method· of estimating the tr.ue w width would be to utilize '.1.: 

only events with small mass errors and to correct the resolution function for 
. i 2 

these events by the "X scale factor." Because of the complexity of the error .. · 

calculations, it is not clear that this x 2 scale factor is directly applicable to 

the resolution function. 
·. \' 

) . ' , . 
. i· 
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An alternative method is to divide the data into several samples in accord-

· ance with the size of the 31T mass errors and to extrapolate to zero mea1nirement . 

error the width values obtained for the several samples. This ~ethod does not 

necessitate quantitative knowledge of the resolution function nor the "x2 scale .. 

.factor''• but does demand the use of the relative variation of this scale factor to 

correct relative values of the resolution functions. It has the advantage 6£ using 

more.6£ t):le available data than the first method and also of providing determination 

of the absolute value of the scale factor demanded by the resolution function. 

The values of effective three-pion mass for the 1361 events of reaction 

(2) were histogrammed for particular ranges of program-estimated error in the . · 

effective mass. The ranges chosen--3 to 5 MeV, 5 to 7 MeV, and 7 to 10 MeV--

were narrow enough to permit the assumption that the values of effective.mass 

were Gaus.sianly distributed with variance equal to the mean value of the squared· 

error in each of the three groups. Events above background in each of the three 

.error-classified samples were fitted with a Gaussian curve .. The error on the 

variance of each of the three Gaussian curves was obtained by using the fact that 

the variance is distributed like x 2 
with its degree~ of fr~edom equal to the number 

of events in the peak less one. This error was increased slightly to account for 

the uncertainty in background estimatio'n. 

The three observed widths result from folding a Breit-Wigner resonance 

curve with a Gaussian measurement-error distribution. These three experimental 

widths are shown as a function of the mean measurement error in fig. 4. :F;-igure 4a ·. 

·~ is a plot of the squared quantities, and fig. 4b is a linear plot. [The dM quantity 

used in fig. 4 is the standard d~viation in the Gaussian distribution of effective 

·~ mass (obtained for a sample of events having similar program-estimated dM . ' 

error), and is ( 1: !18) -l times ·the half-width r /2 of this Gaussian distributi~·~.] 
I, 

If we assume that the scale factor required to correct the measurement erro~s ' 

varies inappreciably over the range of errors represented by the three samples · 

of events, the appropriate form of the curve used for width extrapolation to zero 
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rneasurement error can be taken from fig. S. The latte1· presents widths for. 
~ . . . 

the folding of Breit-Wigner (S-wave form)'' and Gaussian distribution curves,· 

. with various Breit-Wigne1· widths assumed. (The folded distribution is given by 
\or' . 

. . · a 

It is evident.~ that the curves of fig. Sa or 5b have similar slopes, which become 

. greate:- (fig. Sa) or smaller (fig. Sb) in approaching zero. 

The experime~tal-error scale factor could not be assumed to be con~tant .. 

" Examination of the x 2 
distributions for the three samples indicated that the 

. . 2 
relative scale factors were 1.0, 0.98, and 0.82 for the squared error (dM) . for 

points (1 ), (2), and (3), respectively. Corrections for this variation brought the · 

three points closer to a straight line. The slope of this line indicated that, as in the 

·:·. case of the fitting errors, the program-estifritlted mass errors a.'~e about a facto.r 

of ~2 s;rnaller than they should be. 

Because of the difficulty in representing the curves of fig. S analytically, 

straight lines have beei). drawn through the data in figs. 4a and 4b after correction 

for. scale-factor differences. The intercepts have values of r 2= SO~;~ MeV
2 

and r = 2. S~~·.~ MeV from figs. 4a and.4b, respectively. The former gives. an, 

upper limit of 7±4 MeV on the w width; the latter is a lower limit. Straight-line 

extrapolations were also made for the theoretical curves in figs. Sa and Sb; the 

intercepts so obtained were found to agree nicely with the experimental values of 

figs. 4a and 4b if the assumed width were r=4MeV. The error in the width was 

determined as 4 MeV by noting that a change of one standard deviation in the ex-
' 

pe~imental r 2 or r intercepts in fig. 4 could be matched with the calculated CUl"VeS 

of figs. Sa and Sb if the assum.ed r were changed from 4 to approximately 8 MeV. 

* . - . 
For the small width, r; of interest here, the J = 1 resonance shape differs 

negligi'Qly from the generally used J=O resonance curve. 



.. 

-7- UCRL-1 0723 -Rev. 

(It happens that the 4-MeV error is about equal to the error in either the upper 
( 

or lower experimental limit. This is probably reasonable, as th~ difference 

. between the best value of r = 4 MeV and either of the limits.: is less than the error 

on each lin:it.) Thus the value of the w width, as manifested by the three-pion 

decay and as determined by the extrapolation method described above, is 

r = 4±4 MeV. (7) 

TWO-PION DECAY 

The events of reaction {1) might be expected to show evidence of the well

known resonances, Y~~+,. Y~~-, and p. The y~+ and Y~- are clearly seen on the 

:. ~( 

~:cThe above-described extrapolation te'chnique was used to determine the 

. - + - 0 t 
(near-zerol_width of the A from the K + p- A+ 1T + 'lT + 'lT events a 

_1.5 BeV/c fitted as 1T- +p+tr+ +1T- +Tl' 0 , Extrapolation of the 'lT- -p effective 

rnas£- gave·T(A- 1T-p) = -1 ±1 MeV. The method also gave the correct answer 

(withinh>tatistics) for the K 0 width inK-+ p - K 0 + -rr- + p events fitted as 

K- ·r p --~>-it'- +1i+ +1r- +pat ~n incident momentum of 1.2 BeV/c. 
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. Dalitz plot ~f th~ square of .. thl effective-mass of the A:.;'IT+ versus that of the 

1\.'IT-(see fig. 6) •. Diagonallines atM1T1T= 700 and 800 M~V on the Dalitz plot 
.. · . ., . . . . ' ' .. . ~ 

i~dicate·: the expected peak of .the two-pion p resonance; .the . p is difficult to 
. . . . . . ' . ' ' . . . . . . ' 

. . 

·.·see be~ause it is .a broad resonan~~. but interference between 

evident in~e.nonunifor~population of the Y~ mass bands. 

>:C 
p and Y 1 is 

.· .. 

In an attempt to distinguish ·the p, a portion of the Dalitz plot just inside 
>!< : . . . . . . • . . . . 

the Y 1 bands was examined.: Two strips· with 1430 MeV ~ (M.L\.1T+ or ~ 71'_).:::; 

1510 MeV (shaded in fig. 6) were proj~cted onto the 45:-:d~gr~e line _which is the 

two-pion mass axis. Bands rather than the entire sector between the Y~ 1 s were 
. .·· * 
used to make the contr.ibution of the Y i tails ::fu:riifo:rrii<.•\i.:; along the pion-pion 

axis outside the region of p-y~c interference .. 

The pion-pion mass spectrum resulting fron"l this projection is shown in.· 

. fig. 7. ·A narrow peak is observed near M 2(21r) = 0.6 BeV2, .which is very close 

·to the square of the w t;nass. The number of events in the peak is about 15, 

. while the number o£ p events plus background events in the same mass inter-

val is also about 15. Hence the sharp spike is about a three-standard-deviation 

effect. ·Its central value is 781 MeV, and its width is about 15 MeV (approxi-
. . . 

~ately equal to the resolution function width if corrected for underestimation . . 

of measurement errors). It seems very likely that the sharp spike is the result :.. . - - ' . 

. of :(..) decay i,!lto two pions; a rhode resulting from the elect]:'omagnetic mixing 

ofthe p0 and w .stat~s~ 
i 

(See .the discussion of theory. below.) 

· The data have been fitted with a constant backgro~d. a .P-wave Breit-
:. . ', . . . . ·, 

Wigner resonance curve for tl:l:e p meso~ (with Eo = 7 50 MeV and with 
' ·. . . 

r ~ .1 00 MeV); and .a Gaussian· curve for the "w ~ 21Tdecay". A good fit was 
. . '. .·' .. 

-~ ' . 

obtained with parameters !or the ,w decay of E 0 = 781 MeV and T = 11 Me'V 

at half-maximum (mostly measure~ent eri;Or) •. ·The total numbers of events 

assigned to the various hypothese~ by thi~ ftt are· .. :. 
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. '· .. 

,••; 
·, :• \'c:• 

N(w) ::: 15~5 ± 5 •. 6 

N(p) = 93.:1:19 

N(packgrow1d) = 224 :1: 22~ 
' 

~. ' (8) 

The possibility that the ·na1·row peak·may be a statistical fluctuation due 

entii~ely to the p . decay cannot be completely ruled out.~· The 'IT•'IT mass spec

tr~m has been fitted between 300 and 900 MeV with Just constant background 
.· .· .. · .· . 2 . ·. ·. . ·. ' . . 

and the . p. resonance. The fit gives a· x ·value of about 47 when 35 is ex-
. . . . '. . . . . : ... 

. peCted, in contrast to the value of .38 for the above-mentioned fit with w in-
. ' .. · .. • .. ' ' . ' ' • ' . 2. . . ' . • . I 

eluded. A fit between 660 and 850 MeV gives X! ·= 12.8for 12 degrees of free-. . ... 

dom without the ·W; and gives X 
2 

::: 5.4 for 11 degrees of freedom with the w 

included (see fig. 8). ·However, the peak might conceivably be better explained 
. ' . . . ' ' . . . . * 

as a p mass fluctuation if a mass spectrum enhanced at high mass by p- Y 

iil.te:de:rence were considered. (The narrowness of the peak, if clearly sub-

stantiated, would of course rule out this last objection. Calculations indicate 
: ' . . : ' ~:c ' .. ; ' 

that a peak caused by p•Y · interference would be at least 50-MeV wide.) 
. . . . 3 . . 
: Another problem is that the 1660-MeV resonance ) has begun to appear 

ir1 the A 1T + mass spectrum. · This disto1·ts somewhat the ~onstant background· 

assumed for the 1r-'IT . study, but it can hardly be expecte~ to cause a narrow 

pe<lking. ·~: ...... 

The 15.5 e:Vents that are possible w- 21r decays must be inc:t"eased to 

43 t~ correct for the fact that area selection 6n the Dalitz plot used 0~36 of 

the mass band in which w~s .could be expected.· • The density of· w- 2'11' evetts 

in this m.ass band is ~ken to be uniform,. since study of the w- 3tr events in 
' ' • .! • • 

the ·same film sample indicat~d isotropic decay* •.. On comparison with the 
. . * . . . . . . . 

. Isotropy is assumed to be undistorted by p-:-w mixing. Populati<;ms of differen~ 
' . . I ' ~ : 

port.ions of the w -2'11' strip of the Dalitz plot are compatible with isotropy; how

ever, even with ,some anisotropy in the w - 271' decay, the density of events in 

. the two strips utilized· above appears to be a good average value. 
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950 three-pion decays expected in. the same sample,· a branching ratio fortwo-
. . . . . . ' ' . . , . ~lc 

pion to th1·e~-pion decay is estimated to be': 

(9) 

'> Simple checks have been made to ascertain that there are no spurious 

'i' 

,. 

A1T+1T-. fits of actual A1T+'ll'-1T0 events. appearing in the 780-M~V peak .. Values 

of x 2 used for selection of events were e~amined more closely: ·For events 

under the 780-MeV peak, ~o x2 for .t\1T+'ll'~'l1' 0 . was lower than 10. and the 
. . • . 2 . . . 2 
three events with the A3'11' X . between 10 and 20 had X values for the 

Additional checks have been made. The w- 21T decay was not discernible 

in the complete 1T-1T mass spectrum. However, the. entire sector between the 

y>l< bands was compared with the '1T-1T spectrum obtained by the incoherent 
' . . 

. :::c . ):( . 
combination of amplitudes for the p. the Y.1 (1385 MeV), and the Y1 (1660 MeV) 

with weighting factors obtained from the fitting of the total sample. The 2Tt 

peak at the w. mass was still promii1.ent, again as an approximate three

standard-deviati~n effect. Further, the angular distribution of the lambda 
d 

produced with the two pions in the events w1der the uw peak11 (with about 50% 

backgro';lnd) was found. to have a form closer to the ·A. distribution in 

. K- + p- A+ w- A+ 31T than to. the A distribution in the other K- + p- A+ 21T 

events. Figure 9 shows the: 1T-'ir mass spectrum for various production angles,; 

the 11 v) -21T11 peak· is most prominent.:· at forward w angles. · 
. .. . 

Itseems evident thatthe experiment K~:+p-+ A+2'11' orA+3~r 1"eported 

. here is particularly well-:suited to the study of the 2'11' (or two-lepton) mode of 

w de~ay, as the totalnumber of p mesons produced was cdnsiderably less than 

the total number of _w mesons (the p yield being 30 to 4q% of the w yield). 
~; 

Su?sequent to this analysis, events have been measured at other momentum 
. . - .. 

settings. A similar analysis for ·all data available (beam momentum of 1.2 

to 1. 7 BeV /c) gives 32 ± 9 events above background in the. w peak. yielding a 
. : i ... 

branching ratio of 0.034± 0.010. 



·:,· 

. ' . ' 

' I 't,: :,; .. ~"'" 

. · .. 

". ,·_: 
~11- UCRL-1 0723..,Rev. 

' . ; . 

EARLIER STUDY OF THE TWO~PION DECAY MODE 

: : . ,'. .' . /. 

A nUm.ber of theoretical discussions of the w- 2ir decay have appeared 

in the literature 
4

). Two groups of experimentalists ~;ave indicated that their 
' . . . 

data on the p mass spectrum showed some evidence~ for the. w - 2rr decay5). 

Theory suggests that the identity of the p0 a~d w mesons in all quantum. 

numbers except isotopic spin permits electromagnet'ic transitions such that an 

w meson can become a p. meson (or vice versa) by passing through a ,virtual 
t • ' . .• 

photon state. A'nother way .of stating this is to say that an w' mes~h (or a p0 · 

meson). can be coupled to anychargedpair (e+e-, tJ.+jJ.-, or :ri:+'IT-) by ~n inter;_ 

mediate photon, and by virtue of the. p resonance in the: rr+rr- :final state, this 

mode can be co·nsiderably enhanced: 
' ' 

The ratio of the anomalous amplitude to the isotopic-spin-conserving 

. amplitude in w (or p0 dece1y) is estimated to be about 1/ 50; the square of this 
~ 

. ratio times the width of the p meson gives the rate of w- 2rr decay.· If the 
' ' ' 

width of the three-pion decay of the w is about 1 MeV, then the two-pion 

• decay can be expected to be approximately 5% of the dominant three-pion decay. 

·Whether this small rate is detectable in a given experiment and whether it 
. . : . . 

appears as a peak or a dip superimposed on the mass spectrum depends on the 

relative amplitudes for p and for w production.· . 

\ 

··,·: ···.: OTHER RARE DECAY MODES 

We have studiedthe decay of the .w into e+ +e-. All vee-two-prong 
; ' . . ·. ' ., . .. :. . + ' - .. . ' 
. events were fitted for the hypotheses K + p - A + e + e. and also for 

,K- + p,..,;., A+ w, w- e+ + e -~ ·As an addition~! check, colinearity of the cl}arged 
).\. . .. . ' .. ' . . " 
"<~~econdaries' was examined.after.transformation into the w rest frame (determined 

"' ' . . . .. . 

· sol.ely £:rom the measur~d K- ,mo~entum and the A. momentum fitted in decay} 

+.- . ·. + -
Uttder the assumptions that they were e e and .also that they we1·e rr 1T • On tn.c 



·."' 

· .. · 

.. . . 

. t' 

UCRL..; l 0723 -Rev. 

basis of X 2 . selection c;iteri~ and the colin,~arity check,. two good examples 
. . ; . ·. 

and.three more possible. ~xamples of w ·~ .e + <e::. were fo~nd .in a sample of 

4892 .K-.+ p - A+ 2~prong events. · (The lik~ly. e +~- candid~tes .. were e~amined 

for delt;i rays, but none was found.) The branching ratio thus obtained is 
. ·. ':-. . . 

( l 0) 
. . 

We are.studying the rare decay mode ~~ ~+11'-Y by examining missing 

neutral mass. No definite results have yet been obtained~· 
. ;: I.· 

CONCLUSIONS 

I 

The experiment outlined. above has given results {or three properties of· 

the w meson. The neutral-to charged branching ratio of 0.11:!: 0.03 agrees 
' ·. . . . .· . 4 . 

approximately with the estimate of Gell-Mann, Sharp, and Wagner ) of 0.17 

(considered perhaps the most reliable branc:hing ratio given by their model). 

The width 4±4MeV for three-pion decay of the. w is consistent with the estimate 
' ' . . ' . ' . 4 . . 6 
of approx1mately 0.5 MeV by Gell-Mann, Sharp, and Wagner ) and by Feld ), and 

with an estimate of the order. of 2 MeV by Zemach ·and Zachariasen 7 ). The ex

perimental result does not disagree with smij.ller estimates, such as 0.05 MeV· 
. ·.. ·... 4 . . . . . 8 . . 

of Nambu and Sakurai ) and 0.15 MeV-~£ Feinberg ) .. It does differ somewhat 

from the 10.:. to 20.:.MeV wid~h calculatedby Fra.zer and Wong9) .. The experi

. mentally dete1;inined 21T/31T decay ratio is in v~ry good agreement with the So/o 
. . 

value given by most theoretical estimates; however, since the estimates depend 

on. the absolute. 311' rat.e, this does not support any theoretical model without a . . . . . . ' : ,. ·,' ' 

~or~ nearly exact determination ~ft:he · ... 311' width. · ... •.' 

.. ·.' 

i . ~ ' 
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FlGURE LEGENDS' 

·. Fig. 1. · Three -pion effective mass· spectrum in the. reaction;_ . 
-· .: . + ·• .. . . . < •••• •• •• )' •• :· 

K +p- i\+Tr .+Tr +'li' 0 at 1.51 J3eV/c. About 650 w's 

are seen above background~ .• Th~ width of the,· w . peak is·· 

due chiefly to measurememt error. 
' . . I 

. : ... · 

Fig.:z~. Pr~duction.angular.distribution for K~+p -A+w. The 

sligh~ backward peaking of the A indicates that the . w ·is 

produced preferentially .in the forward direction. 

Fig. :3. · Mass of missing neutrals in the reaction K- +p~ A +neutrals 

at 1. 51 BeV/ c-. About40 neutral w ·decays (presumably; Tr 0 + y) 
. . . . . . 

are seen above background. The observed number of events with the 

as.sociated statisti~al·error is show~ for each interval.. 

Fig. '4. . (a) Square of observed width vs square of esti~ated mass error 

for the peak in three samples of events .. The dashed curve represents 

a simple curve through the data .. · The solid line is a least-squares 

·. fit to the ·data after correction of estimated errors for 1·elative 
.. . - . . \ . . .· 

variation in the error "scale factor" (see text·for definition). The · 

intercept of the straightuline fit gives an upper limit on the true width 

'i £ h 0 t ~ w • (The inte;cept would equal the true widthif the measurem.ent. 

.. : error width and the true width could be combined Gaussianly; then . . 

. . 2. ; .. . .. · 2 · . · 2 ' 2 . I 2\ 
, : r (observed) would equal r (true) + Kr (meas.·) = r (true) +K,({dM} ), 

· , , where K represents the measurement-error scale factor. See fig. 5 
. . . . ' 

: ; for the calculated results o£ folding Breit-Wigner and Gaussian curves. ) 

·. (b) Observed width versus r. m. s. measur~ment error for the w peak 

: . in three samples of ·data.· The dashed curve is drawn through the data 

. • points. ·_The straight line is a least-squares fit to the data after cor-

.. rection for the error "scale factor.," The intercept of the straight line 

' '. 
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represents a lower limit on the true width o£the w. The estimated 

mass errors of the samples of 'events used for these figures are 

(1) 3 to 5 MeV; (2) 5 t~ 7 MeV; and (3) 7 to 10 MeV . 
. · . ' '. ' 

' . ' . 

Fig. :5. .(a) Square of obse.rved widthvs square of mass error, as determined '' 

· ·. rr'om many calcula~ed curves representing the folding of a. Breit-Wigner 
; ; .. . . ,. ' ' . ' 

resonancecu;ve (of specified width r) with Gaussian mass error curves 

of various { (dM) 2)values. (b) Observed width vs n1ass error for the 

same calculated curves resulting from the folding of a Breit-Wigner 

distribut~on with Gaussian distributions.· The Breit-Wigner width 

.•. appears most significant in the change of slope of th~ curves as the mass 

errors approach zero; the slop~ increases in (a) ~nd decreases in (b} as 

dM goes to .Zero; the ·change being greater for larger Breit-Wigner 

widths. 

Fig. 6. Da,1itz plot of 1852 events represen:ting the reaction K-+p- A t'lT + t1T

at 1.51 BeV/c. The 45-deg line is the axis for the square of the mass 

in th~ 1T + -1T .. system; lines orthogonal to this axis are shown to indicate 

· •· 700 and 800 MeV: for the 'IT-'ll' mass. Bands between 1340 and 1430 MeV 
' . '' ~~<+ ' >:C . ' ' 
·, are outlined for the Y · ·· and Y - systems; it can be. seen that rrlost of 

the events cluster within these band.s. The TI'-1T system was studied by 
' ' ' ' * . 

considering two bands parallel to theY barids, between A-TI' m:ass.es 

. ! of 1430 ~nd 1510 MeV .. ·Events within these limits ·~ere projected onto the 

.· 'lt'-TI' mass axis, with the intention of keeping the y*. contribution con:tant 

· • · as a function of the TT•'II' mass. 

··r.'·; 
'·. '· 

. ~ ·• : 
I' '• 

': '; .·. . ... 
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:Fig .. 7. Pion-pion mass spectrun:l resulting from the projection described 

in fig. 6. A narrow peak (or a ·statistical £luctuatiO:rl) appears super-· 

·.·imposed on a broader bump (the p rrieson) in the ~egion of 780 MeV . 

. The width is col:nparahle with th~ ~e~sur~ment resolution. 
~ . 

.·Fig~ 8. · ·A portiori of the pion..;pfon mass spectrum sho~n_in fig. 7. One of. 
L~e curves represents a· £it to the Ciata with a P-wave p meson and 

. . . . . . -

constant background; the other curve repi'esents a fit with a P-wave 
. ,· 

p plus. background and alsq .a narrow Gaussia~ centered at 7 80 MeV 
-, ' . .. . . . 

to represent the w meson~ · · 

. Fig. 9 ... Pion~I>i~n mass spectra at various production.angles for the 

: ':. 

recoil A . The same events are used as in fig. OJ • . Although the p 

. meson also .appears to peak forward so that the. w-21r decay cannot be .. . '• . . . . . . 

sqparated,. it is evident that th~s peak behaves rather differently from the 

general .L\ - 1r + -1r- "b~ckg~ound." (N.ote: Since the bin of interest, 
. ~ . . . . .· . 

at 780 ¥eV.i is one•fifth as wide as the other. bins,' the observed n~ber 

of events and its error were 'multiplied by five for this bin.)' 
.;:• 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Co~· 
mission, 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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