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STUDY OF w - n'n” IN K p -~ Aw FROM 1.2 TO 2.7 GeV/c .
Stanley M. Flatté
- Lawrence Radiation Labo'ra'tory
“University of California

Berkeley. California 94720

January 8, 1969-

Abstl;act '

A g.evneral phenomenological method forvAstu.dying a two-pion -
mass spectrum is d.eveloped; and it is shown that, without assumptions :
about the production mechanisrnof the_two.—p"ion system. no significant
nppebr limit on the w — nin” branching ratio cé_n be set with pfre_s‘ent—da_yv»
experiments. In general. a lower limit may be set if a significant ef-
fect is séén. This method is applied to data containing more than 8000
w - 'rr+1r—1r0 events. The 1ower—rnomentum half of thé sample, which
shows a 'significant w > 1r+'n'- signal, was pubiished _previodsiy but is
here rean-alyzed to set a 10wér limit on the w — 1r+1r- bran.ching r.'atiyc').
The new data at higher momenta show .no‘ significant w = nin signal.

The results from the various momenta are shown to be consistent.
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I. Introduction

The decay of wvinto 1r.+1r- has been of'_céntinuing theoretical and
experimefital_ i'ntberest’1 because of its possible revelations conc‘erning
electromagnetic mixing between the .p and the w. For the most part, in
theoréficai éalculatioﬁs the w -~ TT+TT- afﬁplitude is related to the w-p |
transition métrix elefnent, which in turn is rglated By SU(3) breakvirvxg‘
theory to the other electromagnetic effects in the vector meson octet,
namely the K*O— K*+ maés difference, the ‘po—p+ mass difference., or
both. These calculations yield véry rough pr_edictioﬁs, somewhere be- .v
tween 0.41% and 5% for (w— ‘IT+TT—)/((.O - 1T+TT-TTO). |

Expérime:n.ta‘lly, although it is generally agféeﬁ that w - 17+v1r_ has
been seen, 2 no quantitatively pre;:ise results have been'obtain‘edbvb_ecause.
of the complication of interference between the productioﬁ of the two-
pion state via w and via other chénn_eis. |

| The exper.imente.zl résults have been not only impreciég, . but even -
somewhaf mysterious; though significant results have been. rep'ovrvted by |

’

several individﬁal__experiments, 2 wheﬁ vcompilations‘ are made, no
significant w = wtn sigﬁal is seen, even at a much smaller level.

The exp‘erimen't repoArted here contains what'is probably the
largest individual analyzed sarﬁple of w— 1r+'rr-1'r0 events in existence,
namely a total of about 8000 events. Data corréSpo'nding to 5900 events.
are used in the two-pion-decay analysis; this ca.n'be compared with the '
c.ompilalti.on‘ by Lttjens and Steinberger, 3 whi.ch had about 3500 events
from six different reactions. |

The events discussed in this paper are from the reaction Kp—~Aw
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‘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 previously pub-
lished. > They show a significant w — 1r+'rr_ signal, which was reported
. L + - + - 0, |
‘to imply a branching ratio R =T"(w—=> 7w )/T(w—=7 m 7 ) between 1 and
10% ( 90% confidence 1éve1). The other half of the events, in the mo-
mentum region 1.7 to 2.7 GeV/c, are analyzed here. The present anal-
ysis shows that:

1. In general, without assumptions about the production mechanism

of the two-pion sys'tern, no significant upper limit on R can be set by
an& p.resenbtAday expei‘iment. This, éf édurse, applies to compilations
as well.

2. From ‘the preceding stat'ement,' one must conclﬁde that the pre-—
vious analysis for the l'ower—mc')mentﬁm half'of. the data was incorrect.
It was also limited in generality. . It is not possible to set a significant '
upper limit on R at all, anjd the present analysi>s 'éhows that the lower "
limit should be lowered to 0.2%.‘ | |
| 3. The new data show no sigﬁifiéant w-min s{gﬁal.

4. When the data are separated into four momentum regibns (1..5, "
1.7, 2.1, and 2.6 Ge.V/c)‘, the only .significant w - 1rv+'rr7‘ signal is seen
in the 1.5 GeV/c sampie. | |

" 5. Since no sample can give an upper limit, the absence of a signal.g
can never be contradictory fo the observation of a signal in another
sample; therefore. all momentum regions are consistent.. T‘his follows
from the underst.andingvthat the effect arises from an interference be- .
‘tween amvplitﬁdes, which can depend strongly on the production mech-

anism, and hence on production variables such as incident momentum.
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If no assumption about the production mechanism is made, no limits
can be set on the violence of this depéndence.

2

6. The authors of compilations Héve assumed that the w ampli-
tudes in their samvplés were completély incoherent with all other am-
plitudés-.. This aésumption about the production mechanisms allowed
ther.n‘ to sét an upper limit on FR_. Althéﬁgh the upper limits from t:hése
compilétiéns a.l;e conéistent with thé lower limit derived here, it should

>

- be emphasized that on theoretical grounds1 the assumption they made

is questionable.

II. The Data

Between 1961 ana 1965 more than 1.5 million pictures of K_
incident on hydrogen in the 72—inch bubble chamber were géthered. The
K~ momenta were.spread from 1.2 to 2.7 GeV/c. Many results have
come from this film, and it is still proving fruitful today. ‘The anal-
ysis of the vee—ﬁwo;pro_ng topology has been described in detail els.e—‘
Where;5 here only the r.neasuremen'ts pertinent to a stﬁdy of w— TT+1T- '
are discussed.

The two reactions of intereést are Kp "’ATT+TT%-‘I;TO, where the
dominant w decay mode into n+1f-n0 is seen, and K_p->Aﬂ+ﬂ—, where
the two-pion mass spectrum is studied. In the latter reaction there is.
stfong production of =(41385)m; in order to 1"aiSe the signal- to-noise
rétio in the two-pion spectrum, the Z(1385) events are. eliminated by
requiring both Am masses to be greater than 1430 MeV. If the ihcident
beam momentﬁm and the twd—pion mass are fixed, then the Am™ mass

cutoffs correspond to restrictions on the angle between one of the pions
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and the A in the two-pion rest frame. (S__eve Fig. 1.) In o.rde‘r to fihd
out how rn.avny w = TI’+TT-TTO. events corfespond to a gikxen two-.pidﬁ mass
spectrum',, it is necessary to placé the sarhe restric_tions on the angle
between the normal to Vthe w decay,plaﬁe and t.h.e A in the « rest frame.
This has r’educe(i the effective w—*‘n+w-no>events_vby abo;u.t 30%, but has
re‘duced backgrouﬁd considerably. The .cutoff is much lesé d.amaging‘ to
the high-momentum samples than to those at low momeﬁtum becaus‘ebthe
2(1385) covers a significan‘tlyvsmaller portion of the Dalitz plot at high
mofnentum. | | | | |

Tabl-.e I lists the total number of w N TT+'TT—T1’O‘ events in the samples,'
the number of w g TI'+1T-TTO after resfrictions on_the dec’:ayvangle have been
applied, and thle.nundber of ATT+‘n'- events after eiimination of 2(1385). As
mentioned 1n the introduction, some ‘ofl the data (the 'ibld” sarnple) have
been previously published and a’re. here‘ rea:nalyzed. ‘Those data covered
1..2 to 1.7 GeV/c beam momenta, while the ''new'' data cover 1.7 to 2.7 "
GeV/c._ Iﬁ the next seétion an explanation is given for the division_ of
the data l.)ybflnc_ident beam momentum into four sampl.es‘—r— 15, 1.7, 2.1,
and 2.6 GeV/c——where the 1.5-GeV/c sample céntains data.labeled 1.4 
and 1.5 GeV/c in previous publications, and events _af_ 1.6 GeV/c have |
been omitted. | |

Figu_re 2 shows the hiétograms of the two-pion mass squared for.
the various sampies of the data. In all the figures, clear evidgnée for
the p mesoﬁ is‘seen. In Figs. 2a, 2b, and 2d va definite spike at the w
mass is seen (remember that Fig. 2d is a subsarﬁple of Fig. 2b, which
is a subsample of Fig. 2a).

Before the analyéis is discussed, the following should be s.tated:
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No dependence on the polarization of the A or on the production angle
of the A in the center of mass fhat would distinguish them from the

p-meson events has been discovered for the events in the spike.

II1. -The Analysis

In the past, 'ma.ny methods have been ﬁsed to analyze two-pion
mass spectra. _Origi'naily fif.s weré_made withrp, w, vand bvackvground
terms add.invgvincoherently. Héwever, it has been pointed oﬁt by Harte :
and Séchsé that the p and w have a ''natural" éoherence due to their
electromaén'etié mixihg, and that this coherence would bé washed out
only by a fortuitous canc'ellation.' " Some more recer.l.t. analyses cdnsidj-
ered the possibility that the p and were completely coherent, with =
background added‘incoh.e rently. And seve.ral' different exérés sions for .
the amplitudes themselves have been used.

An attempt is made here to be as general as possible.v The only
qualiﬁcatiéh that should be stated immediatély is .that no concerted
effort is made. to 'unde‘rstand the pO méson, beyond finding a formula
which fits the shape reasonably well. The sole purpose of the analysis
is to discover and parameterize any anomaly.iﬁ the w-zﬁass region.
Because of the narrowness of the w, the task is made much simpler

by this point of view. -
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A general amplitude for two-pion production may be written _ . .
B m 2o p r \/2 Im2ew | /T 1/2
A, =B+y, —L 0 (=L y, S
2 | 2 r 2 2 \r ’
, k™ -p Po/ - k7 -w ©g

where k2 is the two<pion mass .squared, mp and rhw are the masses of
the p and w, "B is the background amplitude, and kbi and 412 are compiex

numbers (in 'g'enei'alv functions of kz).' Also

T k2-4m 2°\3/2 . - _k2-4m 2_ 3/2
ST =T v : : - . n
© o9\ T2 2 L= 2 2 ’
S\m “-4m o P Po m ~4m .
‘ w ™ S | p ~HMa
o= (m.-ir /2%, o= (mo-ir /2%
P P pl ’ ' W W !
g R 2 _ 2 o o 2 2
Po is p evaluated when k= = mp and wy is evaluated when k™ = m -~
The square of the ampl_itud.e is now
2 2, 2 2
|a lz ’ |Tn9 -p0| "o !mw -wO‘ Ty
2n! Tt T2 372 2| T
S-p 17\ T S A
o Po : ‘
| 1/2 2 ' 1/2
el el N el VY
1“1z \T HEF T R W o) -
P Po /" e 0
' 1/2 ’
3
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Uhfortuna_tely, two very important simplifications can now be
macie'." The word '"unfortunately' is used because the simplifications
are the result only of the lack of pfeciéion i.n pres ently possible exper-
iments.f Firét; present e'xperiments_ lack‘ statistics, and second, they
‘lack perfect mass resolution. Both these effects rﬁeén that t}vleigggg_g
: sha?e of the‘experimental mass spectrum is not known well, which al-
lows the following simplifications:

1. The terms multiplied by C, and G are ihdistinggishame. They
are the interferé_nc_e terms between the w and either the p or backgrouhd;
and because of the small wid.th of the w, th’e shape of thesé terms is over-
whelmed by the w Breit-Wigner amplitude. ("Shapé” refers to the dis- “
tribution in kz.) Therefore the C, term can be dropped, a:.nd its effects
are incorporated in the C2 term. |

2. The parameters C1 and C, are complex, ‘vand they multiply Breit—'

Wigner amplitudes. Thus
Re {C(BW)} = (Re C) (Re BW) - (ImC) (Im BW).

Because of the experimental limitations already mentioned, it is‘.

a fact that the imaginary part of a Breit- Wigner is indistinguishable

from the Breit- Wigner-squared plus‘ a small backg'rvound. But the Breit-
Wigner-squared is already included in .the amplitude squared _(thé @, and
ag terms).
The square of the amplitude can now be ’succinctly‘presented:
!2 =« +d 'BW| 2+ o IBWV 2 +voz'. Re(BW).v+ a,. Re (BW) _,
4727 T p 3 47 p w’

A, 5
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where .
o Irn 2— p ﬂ.‘z T
IBWI-Z— e 0 £,
- lkZ _ pIZ ..T‘po,
2 2,
' "B’ l 2 |mw - %0 ’ T .
v W .'kZ IZ ™ ?
[N | 'T'(A.). . L\)O /
| m 2 0 I T“p /2 | .
RV ELEAT “‘Z‘mp“ﬂz}’
| kK™ -p P
_ f-mw-90| Foi/2 2 2 1.2
Re(.BW)w— lkz_ "2' T | k —1’)?1“o +Zr‘w

Flgure 3 shows these four un1versa1 funct1ons of k R w1th the
masses and w1dths of the p and w set to 765 MeV 783 4 MeV, 120 MeV
“and 12. 2 MeV

Thus far a pur'e‘sta'te has been 'a's'su.med;” that is, all variables
other than kz.ihave been fixed (for example, momehtufn transfers,
pdlarizatibns, “etc. ). The mixed- state case'is treated by taklng the ex~ S

' 5 S e tiaehieg
over all variables other than k bv? na?rr 7"“-’“?54

: iZ
2m
_ mof#f/zmo Pz
Slnce varlables other than k appear only in the a-pararmeters,

pectation value of la

211']

the form of the express1on for ‘Ab 'Z-rema1n_s th_e same when expecta-
tion values are taken; the only change is in the relative size of the «

parameters. In general the « parameters can also be functions of k-,
but the assumption is made that they are slowly vérying near k2 :_mwz.

Hence the o parameters are assumed'to be constants, and the form of

la

anz as a function of k2 remains as valid for a mixed state as it was
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for a pu‘.re',state. However, for a pure state the o parameters have a
definite algeb’raic relationship; for a mixed state ‘o'r.lly inequalities can
be given. , | ‘. |

rThe ‘actual 'two-epion spectrum’is obtained by _multiplying by phase
space. ’vBecavuse of vthe.cuts on the ATT mass, phase space is a linear
function of kZ; howe\/;er, for simplici.ty in p’arametefizi‘ng the background,

the final two-pion slpect_rum is obtained by the equation
2 _ 2 2 2y, 2 . 2.2
dN/dk“ = |A2TT| {1 tag(kT-m %) +ag (k-m %) }
Now the final assumption that all the a's are constant makes the
above a S'irnple exp‘resvsio’r‘l which reproduces the salient features of any
two-pion spectrum and has the uhique feature that it is capable of rep- |

resenting any degree of coherence of the w w1th the other amphtudes

Flnally the expemmental mass resolution (= 10 MeV FWHM) is

folded in.
Several irhportant characteristics of the final result should be
. emphasized:

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

2
that a Breit- Wigner-squared must make a positive contribution, but one

must remember that these terms contain contributions from the imaginary

parts of the Breit-Wigners which can give negative contributions. There-
fore dips could be seen in the two-pion spectra instead of peaks. If no
peak or dip is seen,it could be:that a negative contribution . has canceled a

positive contribution, as Liitjens and Steinberger point out; therefore

without assumptions no conclusion can be drawn from the absence of apeak.
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This is a consequence of the experimbentél_ inability té distinguish the
imaginary pért of the w‘ Breit-Wigner from its .squéreb. Of course if
one assumes éomplete incéhereﬁce or coherence of .t.h.'e w with other
amplimdeé, then an upper limit can be set on the w production.

- 2. Qbse_i'vation of eithe;' an a/?; or ag term allows one to set a
lower limit on the w —~ 1r+1'r— branching ratio.’

3. .The @y through afé have dimensions M-Z, ‘S'O tha.t, for example_;

@3 represents the -actual height (in events/0.0 1:GeV2) of .the g terrn"s» '
cbntribution._té the -sp‘ectrum ét the w mass-squared.

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

“setting @y = o = 0.

5

5. If it were possib'le to determine a pure state for the productioh
of p and w, without background, so that complete coherence could be as;-‘
sured, then one could solve for the amplivtude of pure w production. Let

2 2

@t = a, | BW | 2 evaluated atk“ =m . Then
P . T e

2

2

> L . _
= (oz3jl‘-‘_42012 ) % [(af3+ Zalz )~ - (0'3 +ag

T4, 212,

Then the branching ratio w—>1r+1r-/w—>jr+1r_w0 is lt.]waz (Trmw]."(-uo)/Nw,- whevr'ie.a
Nw is the number of w — n+ﬁ_w0 events corresponding to the fitted sample.

Unfortunately, even if present-day experimentsv had ehough data té) ,
restrict s, t, the decay angle of the two-pion system, and all decay angles
of other final-state particles (in this case the vA), still a pure state would
not necessarily be achieved because of backgro’ﬁnd in'the two-pion systém,
with one éXception.A |

Therve is one experiment, which may be feasible in the near future,

where the production mechanism is indeed well known and a pure state
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is‘ formed. That is the experiment with colliding elect-ron-i)ositfon beams
(;o gi;fe e+é’— —>vTr+1r—. Thus from this exp‘eriment an unarhbiguous w—>11'+1r_
a_rnpl.itud_e can be extracted, with enough sfatistics.

On the other hand one might attempt to create a completely inéoh-er-
ent case, lwhere avll. interference effects have washed out. There are two ]
vobjections to this: ‘first, it is q’ﬁite difficult to be ass.ured of having an iﬁ-
coherent savmple (as mentioned previously, Harte and’Sa'chs6 maintain |
thatb even if the prodﬁctioﬁ processes of p and w were in;oherent, whiclyl_‘
would not be' easy tg prove, the final two-pion vspect_ru.rn' wbuld in generalv
exhibit interference from the very nature of.. p-w mixing); second, the ef-
feét may be so émall as‘ to be undet'ectablé, v‘vhe.vreas in_an interference
term, small amplitudes can have large effects.

Therefofe it seems worthwhile to‘ try to restrict as many kihe__maté
ical variables as possible, in order to see what effect they have. For
this reason the. data have been splitb into four parté’, “each part.having a
parléicular value of s. The variabie s was chosen because'th.e data are i
very close fo the 'threshol"d'o'f. the reacfion, and are therefore perhaps
more suv‘s'cept‘i'ble' to s-channel rapidly varying effects than anything else.

6. The branching ratio calculatéd in poinf (5) can be used, without’v
assumption of a pure stlate, to find a lower 1ir¥11t ori_ the (w—> Zﬂ)/(w—* 3m) :

ratio.

IV. The Results
In order to determine whether a significant anomaly exists in thé
data af thé W mass, the following is done: The terrns representing the
w are set to zero, and the other five o's, along with the p mass and

| width, are allowed to vary in a fit to the data, which yields a minimized
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X 2. Then anotherrsimi'lar fit is made, ‘but Wit'h the w parameters free
to vary, which yields a minimized sz. Since the w mass and width are
fixed at t_heir 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 measured directly by the difference between the two XZ; that .
22 2 2 . o | |
is yx = Xp = X ° which is a yx for two degrees of freedom.

A confidence level can be calculated from this AXZ for two degreés

of freedom. The confidence level thus determined is the confidenc.e level

for the theory that no w signal exists in the data. This should not be con-

fused witl'.l.the confidence level for the "‘p alone'' fit, which has 63 degrees
of ffeedOma Even if the '"p alone'' fit failed by a tremendous XZ, !it would
not prove the exisfence of the w - 2w decay, since the feason for failure
may be unéssociated with the w. ‘On thé éther 1.1a‘nd?' just iooi{ing at the |
goédne'ss ovf the 'p élon’e” fit is not a séﬁsitivé test of an w éignal, Be—
céuse the fit ’éould be relativelly’ quite gobd in XZ but fail miserably in the 7'
‘bins »hevar the w. Therefore the mo&;t senéitive test of the w is the AXZ
test. Th.e number o.f standard deviations f;‘om zero, .No_, for:_anv W sigpal
can also be computed from AXZ (remember, two degrees of freedom!).
Table II lists the various subsamples of anaiyzed data, with the |
fitted values of'a/1 through @, the fitted p mass ahd width, thé XZ, the
confiden;:e le\}el, and the number of standard devia.tibns from zero for
the w signa_i‘. . The fits without w, along with the s'eI.)‘arate contribﬁtions v
from the p and fro_rﬁ background, are shown in Fig. 2. The fits Witi‘l
the w'pérameters included aré shown in' Fig. 4, with the w contribution
also shown. It is_ciear that the only undeﬁiably significant w effect

appears in the 1.5-GeV/c data (and of course exhibits itself in the "old"
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and "total samples). The sz contours for the 1.5;GeV/c data, plot- |

ted in (a3, ) ‘space, are shown in Fig. 5.

From Fig. 5 a lower limit for the w — wta” branching ratio can
be found with the help of the equation derived in Section V. First, since

the @ can int”ei'f_ére with background as well as the p, the quantity 012'

‘must be replacéd by « "+ «,. Secondly, if |44w!2 is imaginary from

2 1

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

allowed by the data, and a minimum [ | 2 is found by a search of all

. mixed-state possibilities.  Thus,

T (w—> Tr'+*rr-)/rl(w—>n+1r--ﬁ"0) 50.2%' '

até 90% co_nfidencé 1evé1, Which is diffefent fi%om, and lower than, the‘
va'h‘i.e given in Ref. 5. . The differencé arises solely from thé analysis. |
In Ref. 5., rﬁpo and -'rPO wverevf'i‘xed'; in.this. analysisv they were a.llc.)wed_.v
to va_r_'y, thus ‘the limit is weakened here. Also, interference with back-
grou_nd‘ \x;a's 'Complétely‘-neglec.te'd in Réf. 5. Both _éffects were impaortant.

The other three samples of data show no sigpificaht w signal. An
investirgat‘ilon into the dependence on moméntum transfe_r, and also on
A polarization, be splitting the data ‘intc.) smaller subsamples also
yielded ﬁg signifi_cant w signals. Sinée,»'we have s.hown that any given

. _ L . + - : ..
sample can set only a lower limit onw— 7 7 , never an upper limit,

'natul_‘vally there is no contradiction between samples. In fact, it is not :

surprising to seeﬂt»h'e w éignal appear at only 'one: energy, siﬁce the e_ff.e;ct .
is probably due not to a s.im;“)le w signal, but. tc; interference between a
very small w amplitude ar;d the p + baci(ground amplitude.

. One might ask why the 2.2-standard cie\/.iation effect in the new dafé

is ignored, while the 2.7-standard deviation effect in fhe old data is .
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considered significant. First, the 1.5-GeV/c subsample of the old data
has a ‘3.4' standard deviation effect that is difficult. to'i.gndre.’ Second, v
the effect in the new data is lin fact associated with the two bins in the o
middle of the_.b that are so low; and though the w fit lowers the curve N
somewhat in. this area, it really seems thét these th bins héve little to-
db wifh aﬁ w énomaly. | | |
These ;results should be compa.re.d with those of a large compila-
tion of pion-induced reactions: In 1967 Rods?» published a cérﬁpilafion
which claimed.a th'ree.- étandard deviation effect in 'rr-p—> Tr+1'r_n, but no
branching ratio could be set because of the unknown w > 1T+TT—1TO rate..
However .irll.‘a iater pap.er4 the claim \.;vas withdrawn due to changes ih
some of the experimental data.
Liitjens and Steinberger, 3 in an earlier cdmpilation, set an upper
limit of 0.8% on w— ‘rr+'rr’_. Even though their limif is cohsist.ent with the
result of this paper, it should be me-nti'on‘edvthat they assumed no inter-:
ference. (Théy had to assume something about"inte_rfevrence; _otherwi'se_,' :
as the pré‘sent analysis shows, and as they spécifica.lly inn’;ed out, théy

- could not set any significaht- ﬁppe_r limit. )

V. Conclusions
Harte and S.a.chs6 have shown, Within a simple and believable
intefpretation’ of the behavior of qua_ntﬁm—mecharﬁcal states under mix-
ing, that, in a reaction where p and w are produced, the m T system
will almost always produce honnegligible' interference effec.ts, no matter
how many reactions are added together. Thus, assumptions of no inter-
ference may not be valid. Consideration of this problem has led to the

development of a general method for analyzing the w contribution
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to a two-pion spectrum, without any assumptions about coherence.
It has been shown that if no assumptions about coherence are made,
itis impossible for present éxperiments to set a sivgni_ficant upper limit

+ - : - ; - R, S
onw—> T T /w~>n'+17 TTO, with one exception.. A colliding~-beam experiment,

e+e— — 1T.+TT-, could, with enough statisti¢s, unambiguously determine the

w - w+ﬁ- ampiitudé.

Thé method has been_use'd to’ analyzé é sa‘rhple.pf the reaction
K'p —>A1T+Tr__, where the sample corresponds to 5900 « - TT+TT_T|'0 evelnts_.'
An w ot signal is seen (>30), and the final result at a 90 % .confid‘en’c‘e

level is

(w 'TT+TT-)

>YO.2 %_.

Tw—=wm T )
This résult is baéed in part on a reanalysis of p“revious'lyr publishéd
data, 5, ana éﬁpersedes all previous upper and lower limits gtated in pre:;-'
vious publications; differences are solely a result of the more géneral, '_

analysis employed here. .
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Table I. Number of events in the experimen‘t: ->The column labeled
" "w—% 37" lists the total number of w’—>1'r+1r-v1r0 events in that sub-
sar_hpl’e after background subtraction. The coiﬁmn labeled
"w—> 3w with restriction' lists the number of w—>'frr+1r_1'ro ‘events
r.emaini’ng after a restriction is méde on the w d'ecay' angle (the
normal to the ® decay plane with respeét_ to the w line of flight)
that corresponds to the elimination of Z(1385) events in the A'rr+1r—
samples. The third data column lists.the number of events ofvv
K p ~An ™ with m%(nT17) < 1.2 GeV? and mZ(Am) >2.05 GeV? in
‘the éubsample. The samples at individual energies, taken.to- -
gether, do not represent the total sample because events at 1.6. - k
Ge_V/c were eliminated. The ''new data" events_.have been
weighted for A escape from the chamber, which kaccounts’for the
larger number than listed in Ref. 8. The number.of unw.eight"ed

.new w= 31 events is 4020.

o Sample' w > 37w © w-> 3w with A1r+1r—: without
_ restriction _>2(41385)

Total 9132 5920 10479

Old data - 3706 2050 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+1r- anélysis. The parameters are defined in
Section III; their physical identification is indicated above cach one. !p Int' means the ' : : a0

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

2

with background or the p. .The units. of @, through &g are cvents per 0.01 GeV™. The

1 . .
units of'oz6 and @, are GCV_Z and GeV"4 respectively. The units of mp and T, are MeV.

Each sample has two rows; the first represents the fit without t_hevw, the secorp1 with the w.
“The number of dcgre(.;s of freedom are 63 and 61 respectively. The column labeled NO_

lists the number of standard deviations from zero for the w. signal, as derived from the dif-
ferences in XZ 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 w plnt wInt Bkgd Bkgd

| ) . 2 al \d
Sample @y @y a3 ay @g @, a, my rpo X Ax 'CL( ) N i
- Total . 77 0 108 - -8 .- =12 4.4 771 134 7.5 o o o
21.0  0.005. 4.2
N 1
... .16 _ 98 62 _-10 -36_ =14 _ -0.9 _770 142 565_ _ - . . . .
Oo1d 20 40 - -2 a- -2.8 -0.1 782 120 88.5
10.0 0.7 2.7
. .22 33 26 1 _ -7 _ -2.7_ -0.6 _775 124 _ 78.5. oL |
New 52 . 82 -- -14 -- -0.4 -0.1 767 124  62.1 . : |
7.3 2.5 2.2 |
v . _ |
. |
__ . 55 69 38 _-7_ -27_ -0.4_ 0.7 763 141  54.8 o j
1.5 GeV/c 16 34 -- 0 -- -3.2 -2.0 785 116 75.0
14.7  0.07 . 3.4
. _ . _ 19 22 20 4 _ -18 -2.9 3.4 787 122  60.3_ e '
1.7 GeV/c 16 . 18 <1 -3 o 44 1.2 771 134 . 69.7
2.4 30. 1.0
. _ A6 7 41 -2 3 -1.4_ 1.0 760 135 67.3 _ L >
2.1 GeV/c 19 20 - -4 -- -0.2 -0.8 780 125 .57.9 i
0.7 70. 0.4 .
o ... 19 _ _18_ 8 -3 2 _-03_ -10 _772 - 129 _ ?7-_2_-'.__‘.____---." p
2.6 GeV/c 23 . 47 -- -6 -- -0.3  -0.3 763 124 59.9
5.2 7.5 1.7 -

24 43 19 <6  -13 -0.2 0.4 759 126 54.7
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Figure Captions

Fig. 1. Dalitz plots for A»Tr+17- events in K p—~A 7 1" for the four

momentum regions of the data. Thé’unshaded region contains the

events used in the search for the w — i decay.

.-2. Two-pion mass~-squared spectra for various samples of events. .

In each case the = (1385) has been removed. - The curves represenvt

Fig.

fits including a p meson and background, as described in the text.

‘The top solid curves are the complete fits; the bottom solid curves'

are the c_or_1tfibutions f.rolrn, the p plué the interference term bef:ween".
the p and background; the dashed curves ;re_thévbaékground ‘contri-
butiohs. a). Tota.l.sémple., 1.4 - 27 GeV/c,_: coi‘ré,sporiding' to

59é0 w— vt a0 events. .b). Pr'eviou.sly published data,bf"l.4 -4.7

GeV/ec, 2050 w - 1T+1T—'ITO events. c¢). New data, 1.7 - 2.7 GeV/c,

' 3870 w,—>.1r+1r7-1ro e\}ents. d). 1.5 GeV/c data: subsample of (b),

1650 w - 1r-+1r-170 events. e). 1.7 GeV/c data: subsairnple»of both
(b) and (¢), 1160 w - T w0 events. f). 2.1 GeV/c data: sub- "
sample. of ‘tc), 1080@ - &T+1T—Tro events. g). 2.6 GeV/c data:
subsarhple of’ (ci, 1840 w — w+ﬁ_w0 events. |

3. The four universal functibns :which can be used té represent
a two—pion.ma;ss spectrum near the w mass. Each curve is the

corresponding function described in the text, multiplied by 100

events/0.01 _GeVZ.‘ IBWIp2 and lBWlw‘Z are the Breit-Wigner-

sqﬁared of the p and w respectively; while Re(BW)p and RAe(BW)w

‘are the real parts of the Breit—Wigner formulas for the p and w
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_respectively. The Re(B_W)p term represents the interference of the

p with béckground, and the Re(BW)wv represents the interference

of the w with either the background.or the p amplitude.

- 4. Two-pion mass-squared spectra exactly as in Fig. 2. Only the

curves have chaﬂged. The curves represent the fits including the

w meso,n'.as ciescribed in the text. The top solid curves are the fits;
the dashed curves are, first, the background, and second, 'th.e p
(including fhe p interference termj contri-buti.o.ln;..the bo.t'tom solid
curveé are the w (in.cludirllg the w interference ‘te;m) cor_itr’ibﬁtivori.v
5. Co‘n-t.our's' of 'XZ for the 1._5-GeV/c déta. The variables va/.3'andb
@ représent the lBW!w? and Re(BW)w tgrrn‘s; they are hot strongly
correlated with the other variébies .in_»th_e';fi_t._ The co’nfours’ are
labeled by the diffe'reﬁces of XZ from the best fit value,. which is - -

60.3 for 61 degrees of freedom.
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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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