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. STUDY OF w= n'n” INK p - Aw FROM 1.2 TO 2.7 GeV/c "
Stanley M. Flatté |
Lawrence Radiatioh'Laborafo'ry _
University of California .
Berkeley, California '

January 8, 1969

Absfract |
A general phenon‘ue‘nol_ogical method for studying;a t\vo;pion .
mass s'p.ectrumAis applied to data cvont_aining more than '8000vw_——> 1r+1f-rr0
"events. The lower-momentum h‘al‘f- of the sample, Whi;:h sho;\&é a sig-
. nigicéh't Q—?Tr»fn; sigﬁal, was'p_ublis}‘led p’reviouslly;’ bu_.t is here re- -
analyzed with quite different, but still significént, results'var'the ‘
branching ratio. The new data at higher momenta show no signiﬁcaht
w-> 1r+1-r- signal. The résults from t_he various momenta are shown to

be consistent.
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I.. Introduction

The decay of ® into 1r+'rr_- has been of continuing theoretig_al and
experimental interesl:“1 becap.se bf i'ts poésible revelations concnerning
electromagnetic mixing between the p and the w. Howevér, aithough
it is generally agreed that w —> T|'+1T- ha‘s been seen, 2 no quantitatively.
precise results have been’ 6btained because of the complication of in-
terference between the production of‘the_ two-pion state via w and via

other channels. - | |
| The experimental results have been not only imprecise, but

: even soméWhat mysterious;; though significant results have been re-
ported by several indi'vidua.lvexperilrnent:s,.2 vwhenv compilations3’ 4 are
madé, no’ significant ‘W - 1'r+1'r— signal is seen, even at a much smaller
" level. o
The éxpériment replorted here céntains What is p?obably the
"flargest individual sample o;f w = 'rr+_'rr—'n'0 events in existence, namely a
total o\.f about 8000 events. Dafa corres'ponding.to 5900' events are
used in the two-pién-d’ecay analyéis; this. can be comparéd with the
condpilation ‘bsr Liitjens ané.ll Steinberger, 3 which had aiaout 3500 events .
from six different reactions. |
The events discussed in this paper are from the reaction
K-p - Aw as seen in the 72-inch hydrogen bubble chamber. About half
the events, in the momentum region 1.2 to 1.7 GeV/c, have been pre-
‘viously published. > They show a significant w ata” signal, whic"h
was reported to imply a branching ratio R =T’ (w— 'rr+-rr-)/F(w—> 1r+1r_-1'ro)

. between 1 and 10% (90% confidence level). The other half of the events,
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in the momentum region 1.7 to 2.7 GeV/c, are analyzed here. The
present analysis shows that:
1. The pre'viou.sv quantitative analysis for thellower-morrientlim half

of the data was incorrect as well as limited in generality. It is not

possible to set an upper limit on R at all, and the lower limit should

be lowered to 0.2%.
. ; + - .
2. The new data show no significant w - m 7 signal.
3.  When data are separated into four momentum regions.v(1.5t, 1.7,

2.1, and 2.6 GeV/c) the only significant w - win signal is seen in the

' 1.5-GeV/c sample.

4. Despite the above, the four momentum regions are consistent.
5. The results are consistent with those of the compilations by Liitjens

énd Steinberger3 and Roos, 4'although it must be emphasized that a sig-

"nificant effect is seen in this experiment.

II. The Data

Between 1961 and 1965 more than 1.5 million pictures of K™ in-

| .cident on hydrogen in the 72-inch bubble chamber were gathered. The

K- momenta Were spread from 1.2 to 2.7 GeV/c. Many resﬁlts hé.vé
come from this film and it is étill proving fruitful today. The analysis
of the vee~two-prong topology has bee-r.l described in'zilétail velisevvhere;S
here only the measu‘rements pertinent to a 'Stﬁdy of w— min are dis-
cussed.

The two reactions of interest are K p —~ A1r+1r—1to, where the

dominant w decay mode into 1r+1r_'rr0 is seen, and. K_p - A'rr+'rr'-, where

. the two-pion mass spectrum is studied. In the latter reaction there is
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‘ strong production of pa (1385) m; in order to raise the signal-to;noise
ratioiri.the’ .two—'pion vspec>trum,‘ thé 'Z(1385) events are »eliin_inated by
requiring both Am maéses ‘to_bé‘ greater than 1430 MeV. If the incident
beam momentum and the two-QpiOh'mass are fixe-d,‘ then the ‘A‘ﬂ' mass cut-
offs correspond to restrictions o.n. the anglé between one of the pibns and
‘the A in fhe tWo-pion ré'st f;'ame. "In order to find out how mahy
o=+ wirtal evenfsfc‘orrespor.ld to a given two-pion mass spéctrum, it is
‘hecessary to piace the same restrictions on the éi;lgle Befween the normal
‘to the w décay plane and the A in the ® rest frame. This has reduééd‘
the .effective w > 'n'+1r-1r0 events by about 30%, “but .has reduced back-
grour}ci considerably. The cutoff is much less dar‘naging'to the high-
momentum éamples than those at low momentum because the = (138'5)
. covers a s,ignificantly smaller portion of the Dalitz plot at high momen-
. TableI lists the totalvnumbervof w - 1tn7n0 events in the samples;
.'.the number of R P after restrictions on the decay angle hé.ve been
apblied; and the number of A1T+;|T- events after elimiﬁation of -E.(1385).
- As mentioned in the introduction,' some of the data (the "old" sample)
have been previously published and are here'rneanalyzved. Thoée data
"covered 1.2 to 1.7 _Cr‘:eV/c beam momenta, while the ""new'' data cover
1.7 t.o.2.7 'GeV/c. .In the next section an explanétion is given for the
~division of the data by incident beam momentum into four samples-~1.5,
1.7, 2.4, and 2.6 GéV/c——where the 1.5-GeV/c sample contains data
labeled 1.4 and 1.5 GeV/c in previous pubiications, and events at 1.6

" GeV/c have been omitted.
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Figures 1 through 7 show the histograms of the two-;pion mass-

squared for the various éamples of the. data. In all the figures clear ev-

: iden_ce fo‘r the p .mesbn is seén. In 'F“ig‘s._ i, 2, and 4 a ciefini.te s‘pike at

. the w méss is seen»(remember that Fig. 4 is a tsubsamp.le ofF1g 2,

v_:__.which is a suBsampie ovaig. ). | |

.. Before Ei'le ahalysis is discussed tHe following should be stated;

-.No dvép.endghce oﬁ Eh_e 'polarization of the A o.r on the'Iv)roducticv)vn angle of

the A-in.th‘e éenter of maséitﬁat wouid_distinguish them from the é-meson

events has been discovered for the events in the spike.

1

i

III. The Analysis

In the past. many met;,hods have been used to analyze two-pion
-r‘nass sPecéra. Originally fits were madé with 'p', ‘W, and background
: .terms'_adding,incoh‘erently. However, it has been pointed out by Harte
and Sachs6 that the p and ha\}e a ""matural" coherenée due to their
electrdmagnetic mixing, ar;d that this coherénce would b'e. washed out
only by a fortﬁitous cance}lation. Some more recent analyses consid-
ered the possibility that the p and w were comE.Ievtely: coherent, with
background_‘added. incoherently. And several different expressions for
the amplitudes themseives have beén used.

An attempt is made here to be as general as pbssible. The only
qualification that s.hovuld be stated immediately is tﬁat no conceftéd effort
is made to understand the pO meson, beyond finding a formula which Ifits

jfthe shape reasonably wéll. The vsole purpése of .the analysis is'fo dis-

‘cover and parameterize any anornaly in the w-mass region. Because of
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* the narrowness of the w, the task is made much simpler by this point
_;Qf view.

A general amplitude for two-pion production may be written

Imp'pO 1_‘pv \/? ‘mwz'wo Lo ‘1/2
Ao = B*“’ 2 T T, — T ,

k™ -p e/ kT -w wq

where k2 is the two-pion mass squared rnp and m are the masses of
the p and », B is the, background amphtude, and 41 and 412 are complex

numbers (in general functlons of k ). Also

i Koam 2 V2  /iPaam 2 V2
r =T T _ i
® % 2 2 ’ L= —2 2 ’
m ~4m P Po m -4m
© p
—(m_ -il /2)2" = (m -il /2)°
P o el | © o T
. 212 . 2 2
Pg is p evaluated when k™ = mp and w0_1s w evaluated when k™ = m "
The square of the amplitude is now
2 2
2nl T tey T 372 2| T
o [P\ T K2 ol
. “Po 0
meplf T, V2 gl T, V2
+ Re < L +C
1 k?‘- T 2 k2_w r
P PO 0
| 1/2
Im '—pOHmw -wo| r Fw /
+Cy —&5 2 7
(k™ -p)k™ - w) Py “g



-6- - UCRL-18687

'Unf_ortunatei'y', two very ‘Iimp0rtant simplifications can now bv.e '
made. The word _‘!unfortunatély" is used because the‘simplific‘avtions
'a_re' the result only of the lack of precision in presently possibi,e exi:er-
iments. First, ‘present experiments lack statistics, and second, they
" lack perfect mass resolution. ‘Both these effects mean that th'ejg_a_._g_t"
shape 'o.f the experimental mass speétrum is not known _weli, which al-
.lows the following simi)lifications:

1. The terms multiplied vby C2 anti C3 are indistinguishable. .‘-b’iI;-hey ‘
are the ihterference'terms.betweenithe w and éither,the p or'backgréund,
and because';:»f the svnvaall' width of the w (_:'hev shape of these ter.tns is over-
whelmed by the w Breit-Wigner anﬁplittide. (""Shape" refers to the dis- |
tribution in kz. )1 Therevfor;e the C, term can be dropped, and its effecfs '
are incorporated in the C2 ‘terrr.l. | . |

2. The parame;ers C1 and C2 are complex, and they multif}ly Breit- |
Wigne_r' amplitude_é. Thus ‘ | | | | |
Re {C (BW)} = (Re C) (Re BW) - (ImC) (Im BW).

Because of the experimental limitations alréady mentioned, it is

a facf that the imaginary part of a Breit- Wigner is indistinguishable’
from the Breit- Wigner-squared plus a small background. But the Breit-
Wigner-squared is already included in the amplitude squared (the a, ‘and
oy tems). |

‘The square of the amplitude can now be succintly presented:

|2

la, | = a1‘+a2 |IBW |p2 tag|BW lwz ta, Re (BW)p +ag Re'(’BW)w',
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where
2 2
m -p T
o2 Zo ol (),
|k 'P‘ VPO
Bw,2 mwz"""'z(F )
7) 2 T )
© T e \ T
| ‘Impz'pol' 'Fpo z > 2 o1 2]
.RAe(BW)p: lkz_p!z Fp lk —mp +er-}’
|m 2. “’o‘- F‘*’o /2 2 2 1.2
RS R\ T {k T M1 }

Figure 8 shows these four universal functions of kz_, with the
masses and widths of the p and w set to 765 MeV, 783.4 MeV, 120 MeV,
and '12.2 MeV. |

" Thus far a‘vpure state has been assumed; that is, all V-av._briable‘s
"other than 12 have been fixed (for examp.lve',. fnomentum.transf‘:ers,v
polarizatioﬁs, etc.). The mixed-state case is treated by takiz.lg.the ex-
pectation value of IAZ_"_I‘2 ?o-ver ail variables other th‘an kz.

Since variables other than kz’appear only in Ehe oz'parameters,
the form of the expression fdr |A21rl2 remains the same when expecta-
tion values are taken; the onlSr change is in the_relative size of the «
parémeters. in general the o parameters can also be functions of kz,

. but the_as sumption i‘s ﬁade that‘ they are s.lowly varying near k2 = mwz.
Hence tfle @ parameters are assumed to be conkstants, and the‘f;)rrn of

‘Azwlz as a function of k2 remains as valid for a mixed state as it was
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" for a pure state. However, for a pure state the « bparvametérs haire a
definite algébraic relationship; for a mixed state o'nly inequalitieé can’
be given. - | |

Thé actual two-pion spectrum is obtained by multiplying by phase
space. Because of fhe' cuts OA the A'n' mass, phase 'épaée is a linear'.
function of'kz;' however, for simplicity 1n pararfieterizing the background,

the final two-pion spectrum is obtained by the equation

2 2 2 2 2,2
dN/dk = IAZ«n—lZ {1 +a/6.(_k -.mw ) +oz7(k -m ) ‘

|

Now the final assumption that all the a's are constant makes the
“above a simple expression which reproduces the salient features of any
two-pion spectrum and has the unique feature that it is cépable-'of rep-.

. resehting any degree of coherence of the w with the other amplitudes.

Finally the experimental mass resolution (= 10 MeV FWHM) is
folded in. |

Séveral important characteristics of the final result should be
~emphasized:

1. The parameters «, and @, may be negative. One might think

2

that a Breit- Wigner squared must make a positive contribution, but one

;hust remember that these terms contain contributions from the ima.gina.ry

I;a_rts of the Breit- Wigﬁers which can give negative contributions. ’f‘he_fe-
.fore_ dips .could be seen in the two-pion spectra iﬁstead of peaks. If no
“peé,k or dip ié seen it could be that a negative contribution has canceled a
‘positive contribution, as L:ﬁtjens and Steinberger point out; therefore

without assumptions no conclusion can be drawn from the absence of a peak.
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_This is a consequence of the experimental inability to distinguish the

A' imaginary part of the w Breit-Wigner from its square‘. Of course if one

assumes complete incoherence or coherence of the w with other ampli-
3 P : P

. tudes, then an upper limit can be set on the w production.

2. Observation of either an @y or 015 term allows dne to set a

“lower limit on the w = ata branching ratio.

3. The a, through a'js have dimensions M'-'Z, so that, for example,
aq :represents the actual height (in events/0.01 GeVz) of the @y term's
contribution to the spectrum at the w mas s-squaréd.

4. The hypothesis of no w productiéh can be easily treated by

: setting @z =g = 0.

5. If it were possible to determine a purei'sté»té for the .produc-

tion of p and w, without background, so that complete coherence could

be assured, then one could solve for the amplitude of pure w production.

2 2

cLeta,' = o, |BW| 2 evaluated at k© =m .  Then’
. , P W

2

2'.' ) ]1/2.

|2 = (a3 + _Zaaz"i) * [(a3 +‘ 261'2":")2 - (a3' + ag )

¥,
Then the branching ratio w —> 1r+-rr—/w - 'n'+1r—1ro is Mw‘Z (mm T )/Nw ,

: L 0 v
where N is the number of w= 1r+'n'—1r0 events corresponding to the
fitted sample.

‘Unfortunately, even if present-day experimenté had enough data

to restrict s, t,vv the decay angle of the two-pion system, and all decay

- angles of other final-state particles (in this case the A), still a pure

state would not necessarily be achieved because of background in the

- two-pion system.
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On the other hand one might'attémpt to cr.éate a compietely inco-~

‘herent case, where all i'nterfereﬁce ei.'fe.ct.s have washed out. Thefe'are )

‘. two objections to this; first, it is quite difficult to be assu_rea gf having

~an ihcoherént sample (bas mentioned pre\'rioﬁsly Harte énd Sachs6 main-

tain that even if the productidn processes -of p and w were incoherent,
~which Would not b-e eaéy i:o prove, the final th—pion spectrum "woul_d. in
general-e’xhibit interference from the very nature of p-w mixing); sec~
ond, the e,ffe_cf_may be so small as to be undetectable, whereas in an 
int‘erfe'rencv:e term, small amp_litudes can have .lai'ge effects. | |
Therefore it seéms worthwhile l;o ti‘y to restrict as many kine-
; _matiéal. variables. as possible, in order to see whét Aef_fect théy havé.

‘ ~ For this reason the déta have begn sbl.).lit iﬁto four parts, each part hav-
“kling a parf:iculaf value of s. The vériéble ..,S Was.‘chosen becau#e the
t;.;data are ‘very close to the threshold of the reaction, ana are therefore
V‘;‘berhaps mo're susceptible to ..s-cha.nnel rapidly varying effécts thanény—

thing else. | 4

6. ’fhe braﬁching.ratio calculated in point (5) can be used, with-
out aésurnption' of a pure st’ate, to .find‘a lower limit on the (w—->2l1'r)/(co ->3m)

ratio.

IV. The Results

‘In order to determine whether a significant anondaly exists in the
“\:data at the w mass, the followi‘ng is done: The terms répresentihg the

w are set'to zero, and Ithe other five a's, along vs}ith the p mass and
width, are allowed to vary‘in a fit to the dat:'a:, \.Nhich yields a'r;linimized

')%;Z. Then another similar fit is made, but with the w parameters free to
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.vary,' which yields a minimized sz- Since the @ mass and width are

fixed at their accepted values ('783.4 MeV and 12.2 MeV) this second fit

has only two'more parameters than the first. The significance of an w

signal is I_heasured directly by the difference.bétvvve'en the two XZ; ‘that

2

s XZ =y - sz‘, which is a XZ for two degrees of freedom.

P _ :
A confidence level can be calculated from this sz-for two de-

"'gi'ees of freedom.  The confidence level thus determined is the confi-

““dence level for the theory that no'w si'g'nal exists in the data. This

should not be confused with the confidence level for the "p alone' fi_t,

which has 63 degrees of freedom. Even if the 'p alone' fit failed by a
tremendous xz, it would not pvro've the existence of the w - 27 decay,

since the reason for failure may be unassociated with the w. On the

other hand just looking at the goodness of the 'p alone' fit is not a sen-

sitive test of an w signal, because the fit could be relatively quite good

in xz, but fail miserably in the bins near the w. Therefore the most

g ‘sensitive test of the w is the AXZ test. The number of standard devi-

ations from Zero, No’ for an w signai can also be computed from AXZ
(remember, two degrees of freedom!).
Table II lists the various subsamples of analyzed data, with the

fitted values of a, through g the fitted p mass and width, the XZ, the

confidence level; and the number of standard deviations from zero for

the w signal. The fits without w, along with the separate contributions

from the p and from background, are shown in Figs. 41 through 7. The

fits with the w parameters included are shown in Figs,9 through 15,

with the w contribution also shown. It is clear that the only undeniably

significant w effect appears in the 1.5GeV/c data (aﬁd of course
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' exhibits itself in the ''0ld" .and 'total" samples). The xi contours for
the 1.5-GeV/c data, plotted in '(oz3, vaf5) space, are showh in Flg 16.

From Fig. v16 a lower limit for the w-— 1jr+1r- branchingiratio can
-..' be found with the heip of the equation derived in Section V. First, since
2

is imaginary from .

" the w can interfere with ba'ckg‘round as well as the p, the‘quantity p
v |_2 _
2 1 !

the equation (which is physically impossible), then a pure state is not

must be replaced by @' +a,. Secondly, if Ipr

allowed by the data, and a minimum |'.|Jm |2 is found by a search of all
mixed state possi;bilities. K
Thus,

T (w= 7r+1r"')/1" (w 1'r+-rrk-_1r0) > 0.2%
~at a 90% confidence level, wh_ich is different from, and lower than, the
~value giveh in Ref. 5. The differences arises solely from the analysis.
‘FIn Ref. '5, mp " and Fp were fixed; in this analysis they were allowed
0 0 -
to vary, thus the limit is weakened here. Also interference with back-

ground was completely neglected in Ref. 5. Both effects were impor-

Bl
1

_tant.
T’hevothe;' thi"ee samples of data show no significant w signal.

An investigation into the dépendence on rnlomenturn transfer, and also
on A polarization, by splitting the data into smaller subsampies also
yielded no significant w signals. Since we have shown that é.ny given
" .sample can set only a lower limit onh w — 1r+-rr-, never an upper limit,
naturally there is no contradiction between samples. In fact it-is not
éurprising to see the w signal appear at only one energy, since the ef-

fect is probably due not to a simple w signal, but to interference between
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a very small @ amplitude, and the p + background ami)litude.

One might ask why the 2.2-std. dev. effect in the new data is ig-
nored, whi‘le.the'vzvv.?—std. dev. effect in the old data is considered signi-
ficant. First the 1.5-GeV/c subsample of the old data has a 3.4~std. dev.
effect that cannot be'ignoréd._ Second, the effect in the new data is in

fact associated with the two bins in the middle of the 'p which'afe solov&,

‘and though the w fit lowers the curve somewhat in this'_area, it really

 seems that these two bins have little to do with an w andmaly. "

These resﬁlts should be compared with those of a large compi-
lation of pion-induced reactions: In 1967 Rod§7 published a cor’nﬁilation
which claimed a thre.e-' st;andard deviation effect in n_p -*'Tr+1r—1;1, bpt no V
"t‘)ranching ratio could be set because of the unknown w - TI'+T|'-1T0. i‘éte.‘

However in a later’paper4 the claim was withdrawn due to changes in

some of the experimental data.

Litjens and Steinberger, 3 in an earlier compilation, set an upper

limit of 0.8% on w — mfx”. Even though their limit is consistent with

the result of this paper, it should be mentioned that they assumed no

interference. (They had to assume sométhing about interference; other-

wise, as.the present analys‘is shows, and as they specifically pointed

out, they could not set any upper limit.)

V. Conclusions

Harte and Sa‘ch56 have shown, within a simplé and believablé‘-
interpretation of the behavior of quantum-mechanical states under mix-

ing, that, in a reaction where p and w are produced, the i system

“will almost always produce nonnegligible interference effects, no matter
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how many reactions a're addedfogether._ Thus assumptions of no inter-
ference may not be vélid. Consideration of this problem has led to the _
'developr;'lent of a general method for analyzing fhe w contﬁbﬁtion to a
| tw.o-pion\Spectrum, .vvi‘thout any assumptions about coherence.
It ha;s been shown that if no assuih‘ptions-about coherence are

made it is impossible for present ex.perirne'nts. to set an upper-limit on
et o wteal. | | |
The method has been used to analyze a sample of the r‘e:action
K p-=A nTn”, where the sample corresponds to 5900 w - wtr w0 events.

"An w — 1r+1r- 'signal is seen, and the final result at a 90% confidence

level is

C e atr)

T 0 > 0.2%.

F(r—>wxw

)

- This result is based in part on a reanalysis of previéusly pub- :
lisfled daté., > and vsupe.rSedtiasv éll previous uép(_ar and lower limits stated
in prvevvious publications; differenées are solely a result of the more

general analysis employed here.
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" Table'I. Number of events in the experiment. The column labeled

"w-— 37" lists the total number of wor'x 10 events in that sub-

. sample after background subtraction. The column labeled
"w-> 3w with restriction'' lists the number of w—>1r+1'r-1rq events
remaining after a restriction is made on the © decay anglé (the
normal to the w decay .plane' with réspett to the w"li_r'le of flight)
that corresponds to the elimination of =(1385) events in the A1r‘+'rr-v
sampleé’. _ The.third data column lists the number of events of
K'p -%A1t+17_ with m2(1r+1r-) < 1.2 GeV? and"mZ(Aw) >2.05 GeVZ in
the subsample. The samples at individual energies‘, taken to-
gether,’ do not represent the total sample becaus.ev events at 1.6
GeV/c were eliminated. The ”n.evs) data' events have been
weighted for A escape from the chamber, which accounts for the
larger number than listed in Ref. 8. The number of unweighted

: new w—> 3w events is 4020.

Sample w = 37 w—> 37 with - A'Trﬁr- without

: restriction Z (41385)
Total 9432 5920 . 10479

Old data = 3706 - 2050 g 2997
New data 5426 3870 7482

' 1.5 GeV/c 2980 1650 2218
1.7 GeV/c 1919 1160 | 1857
2.1 GeV/c 1581 1080 2426

2.6 GeV/c 2283 1840 - 3697
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Table II. Fitted parameters and X2 in the w— 1r+1'r- analysis. The parameters are defined in

Section III; their physical identification is indicated above each one. 'p Int"' means the

term representing p interference with background. ''w Int" represents w interference

2

with background or the p. ‘The units ofla.f1 through @, are events per 0.01 GeV™. The

5 .
units of @ and @, are GeVTZ.and GeV-4 respectively. The units of mp and rp are MeV.

Each sample has two rows: the first repréesents the fit without the », the second with the w.

The number of degr_eés of freedom.are 63 and 61 respectively. The column labeled N

lists the number of standard deviations from zero for the w signal, aé derived from the dif-

ferences in )(r2 between the two rows of each sample. The column labeled CL lists the con-

fidence level for the theory that no w signal exists in the data.

Bkgd [4 “w  plInt wInt Bkgd  Bkgd

. 7 . 2 ,
Sample @ a, a; a ag - a, ey mp T‘po XZ Ay CL( %) Na
Total 77 108 -- -8. =-- =42 -4.4 171 134 715
' 21.0 - 0.005 4.2
L _ 76 _ 98 _62 _-40_ -36_ -1.4_ -0.9 _770 142565 _ _ .. o
01d 20 40 -- -2 -- -2.8 -0.1 782 120 88.5
10.0 - 0.7 2.7
22 33 26 1 -1 _-27_ -0.6 _775 124_ 785 _ _ _ - _ _ __ _ _ _.__._
New 52 82 -- -44 --  -0.4 -0.1 767 - 124 62.1
7.3 2.5 2.2
_____ 55 69 38 -7 _-27_-0.4_ -0.7 763 141 548 "  _ _ _ _ _ _ _ _
1.5 GeV/c 16 3 -- 0 -- =32 2.0 785 116 75.0
A ' 14.7  0.07 3.4
. 19 22 20 1 -18_ -2.9_ <3.4 787 122 60.3_ _ _ ~ _ _ _ L
1.7 GeV/c 16 18 -- -3 - 4.4 -1.2° 771 134 69.7
' 2.4 30. 1.0
o _ . _ A6 17 4t -2 3 _-14_ -14.0 _760 135 67.3_ _ _ _ _ _ _ _ _ o
2.4 GevV/e 19 20 -~ -4 -- -0.2 - -0.8 - 780 125 . 57.9
0.7 . 70. 0.4
o 19 18 _ 8 _-3 2 _ -0.3_ 1.0 _772 129_'57.2_ _._ _ _ _ - .
2.6 GeV/c 23 47 -~ -6 -- -0.3 -0.3 763 124 59.9 .
' 52 7.5 1.7

24 - 43 19 -6 <13 -0.2 0.4 159 126 54.7
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Figure Captions

‘Fig.s '1; TWOQpion mass-squared svp.e.ctrum for the total sample of
K__'p—>A1r+1r_ events from 1:;4 to 2.7 GeV/c with the Z(‘1385) re- SRR
moved.. The sample corresponds to 5920 w-> 1r_+11—'1f0 ex}ents. The
curvés rep.:vre-srent a fit including a p rheson._and background, é,s
dé_scribed in thé text. The top solid éilrve is the complet;e‘ fit; the .
‘bottom solid curve is the contribution frbm-th'e_p plus the -i—nt'er-
férenc’e tetm betwéen the p and:backgrou'nd; the dashed curve is
the background contribution. o
Fig. 2. Two-pion mass—squé;red sﬁectfum for the part of the K'p->A1"r+1r—.
data that has been previduély pﬁb‘lished‘. ' The beam momenta ranged
from 1.4 tb 1.7 GeV/c., the -Z'('1385) events have been removed,' and
the nu.._r'nbe'r of cdrrespon'ding w—->1r+1r--rr0 eve'ntsvis_2050... The curves .
‘represent the p plus background fit as described in Flg 1.
Fig. 3. vao-pion 'mass-s'quared spectrum for the ﬁe.w K—p —>A1l'rl+1r- data,
| with beam vmoment.a ﬁromv 1.7 to 2.7 G'eV/cv.' With 2(1385)'-rerrioved,
the sample corre-spovnds’t.o 3870 w— 1r+1r-'rr0 events. The cur\}és
represent the p plus vbackgrohn.élv fit'as. described in th’é text.
i Fig. 4. Two-pion mass-squared spectrum for the 1v.v5v—G_eV/c data (sub- _ '

sample of Fig. 2). The number of corresponding w —>1r+-rr-1ro

events is 1650. The curves represent the p plus backgrouhd fit ' -

as described in Fig. 1.

Fig. 5. - Two-pion mass-squared spectrum for the 1.7-GeV/c data (sub-

sample of both Fig. 1 and 2). The number of corresponding
w - 1r+i+—1ro events is 4160. The curves represent the p pl\is back-

~ground fit as described in Fig. 1.
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_ Fig. 6. Two-pion mass-.squ'ared épectrum for the 2."1 GeV/c data (sub-
sample of F1g 3).. Th‘ei ﬁumbef of cofrespondin’g L
events is 1080.” leie curves rep_'-res'eknt the p plus .background fit
as déscfibéd in Fig. 1.

Fig. 7. .'I"wo—pio‘n'mass—isquax.'édv sp.e‘c”txi'.u;rﬁ"for the 2.6:-GeV/c.data (sub-
sample of Fig. 3). The number of corresponding w - 1'r+-rr-1'rq events
is 1840.  'The curves represent the p plus ba.ckgrqund fit‘as described
in Fig. 1.

Fig. 8. The four u;.niversajl functions w.hich. can be used to represent av
two-pion mass spectrum near the w mass. FEach curve is the cor-
responding function qescribed in the text, 'rnuvltipliéd by 100 events/
.0.0'1 GeVZ. |BW IPZ and |BW Iwz aré_the Breit- Wigner-squared of
the p and w respe_cti\/;ely; while "Re(BW)p a;nd Ré(BW)w are the real
parts of the Breit- Wigner fo_rmﬁiasvfor the p and w respectively.

The Re(BW)p term represents the i;lterference of the p with back-
ground, and the Re(BW)w represents the interference of the v@riﬂth
either the background or_-the'p amplitude.

Fig. 9. Two=pion mass-squared spectrum for thé- total sample as in Fig. 1.
The curves represent the fit iﬁcluding the w meson as described in
- the text. The top solid ,_c_ﬁrve is the fit; the dashed curves are,

.first, the ‘backgrpund, and second, the ) (includi_ng' the p interference
term) contribution; the bottom solid curve__is. the (inciuding the w
interference term) cont_rib'ution.v |

Fig. 10. Two—pidn mass-éqﬁared spectrum for the old data as in Fig. 2.
The curves represent the fit includirig. the.w meéon, as'described | :

in Fig. 9.
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11. Two-pion mass-squared specfi‘-un’i for the new data as in F1g 3.

 The cur\}es represent the fit including the w meson, as described

in Fig. 9.

12. Two-.pion mass-squajred spectrum for the 1.'5—Ger/c data as in
Fig. 4. ’i‘he .cﬁrves represent ﬁhé fit ihclﬁding the w rhesbh, as
described in Fig. 9. |

13. Two-pion mass-squared spectrum for the 1.7-GéV/§ data as in
Fig. 5. The curves represent the fit including the:w meson as
described in Fig. 9 : S - .
14. 'T\%ro—‘p'idn mass-squared spectrum :fo'.r the 2.1.—GeV/c'data as
in F1g 6. The curves represent the fit including the oja-'i‘r.leson, as
described in Fig. 9. |

15. Two-pion mass squared 's.pectrum for the 2.6-GeV/c data as in
Fig. 7. The curves represent the fit including the @ rﬁésoﬁ, as
described in Flg 9. |

16. Contoul"s'of XZ for the 1.5-GeV/c data. Thve vai'_iableé 013 and

and @ represent the |BW|'§ and Re(BW)_w terms; they are not
strongly correlated with the other variables in the fit. The con-
tours are labeled by the differences of'x2 from the best fit value,

which is 60.3. for 61 degrees of freedom.

'
““““
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__ALL DATA _RHO ALONE.
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XBL 691-54

Fig. 1
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0LD DATA _RHO ALONE

0.3

0.4 0.5 0.6 0.7 0.8 0.9
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~

Fig. 2
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NEW DATA  RHO

ALONE

0.3 0.4 0.5 0.6 0.7 0.8 0.9
M2 ( f*NN”°)  (GEU2) |

Fig. 3

XBL 691-56
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0.2 0.3 0.4 0.5 0.6 0.7 0.0

M2CTRT) (GEVZ)

‘Fig. 4

XBL 691-57
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1.2 GEU/C RHO ALONE _

0.3 0.4 0.5 0.6 0.7

M2 ( {*7C) (GEU2)

Fig. 5
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2.1 GEU/C RHO ALONE

0.3 0.4 0.5 0.6 0.7 0.8 0.9

MZC *RT) (GEU?)

XBL 691-59

' Fig. 6
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ALL DATA RHO + OMEGA

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
M2 R*R7™)  (GEUZ)

XBL 691-62

Fig. 9



"EUENTS~/0.01 GEUZ? .

- _30- _ UCRL-18687

_OLD DATA _RHO + OMEGA

Bot

M2 R*RTY (GEU?)
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Fig. 10.
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NEW DATA _RHO + OMEGA.
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1.5 GEU/C RHO + OMEGA
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Fig. 12
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. _.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

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

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