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Stanley M. FlattéT Darrell O, Huwe, Joseph J. Murray, Janice Button- Shafer,
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Summary
We present in this paper the following measurements on w decay:
1. Decay modes:
a. I (w— neutral)/I(w— w+1r-1r°) = (9.7+1. 6))(10-2
b. I"_('w—»n(all modes) + neut, )/ (W~ 1r+n'_-rr°)s 1.7><1O-2
c. T(w— w+v-y)/f(w*v+w )< 0.05
d. T(w— -n'+1r-)'/l"(w—- 'n'+-rr-~rr°) = (O.‘i7:t:0.03)Z = 2,9X 10°2 ("complete coherence')
_ | = (8,.2+2.0) X 10'2 ('complete incoherence')
Glashowi points out that w-- n+m° violates C conservation, The branching ratio
b sets an upper limit of 0.14 MeV for I'(w—nn’).
2. The w= 7' n x° decay has been tested for nonconservation of C as suggest‘éd by
I__,ee.-2 and found to be coﬁsistent with C conservation.,
Exéerimental Details
Following is a resurﬁe of experimental methods we used to determine these
. numbers, Details will be presented in a forthcoming article to be submitted to the
Physical Review, 3 |
Measurements héve been completed on approximately 43 620 V 2-prong events
’ in an exposure of the 72-inch hydi‘oge‘n chamber to K~ mesons with momenta between
. / 1.2 and 1.8 BeV/c. Among these ever-xtswe have identified 28850 as

K+ p~A+2 prongs, and of these, 10242 are identified as

K+ pr At +n +n°, (1)
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By plotting the M(rt ) histogram, we identify 4 208 events as
- + - 03
K+ p=A+w=nm 7 7). . (2)

There are 41450 background events that lie in the w-peak re'gion, 750 MeV < M('n'+w--rr9)
< 815 MeV. 1In the control regions on either side of the peak region we find 1202 events
in the interval 685 MeV < M(TT+‘N'-TTO)'S 750 MeV and 1276 events in the interval 815 MeV

+ - ' = . o
< M(m 7 n%)< 880 MeV. We use these control-region events to estimate the behavior

of the backgrouhd events in the peak region,

Neutral Decay Mode

All the measurements of 27 660 V O-prong events have been c.ompleted for the
momentum settings 1.42, 1.51, 1.60, and 4. 70vBe.V/c. From these events, 1‘2 351 ‘
have been identified-‘as K-+ p~Atneutrals. Figure 1 is the histogram of the invariant
mass squared of the neutral system that recoﬁlS against the A; we refer to 't:his.as‘ the
square of the .mivss.,ing mass. Peaks for the °,n, , andw mesons are clearly visible .
Few of fhe K™s in this exp.erimenf had momenﬁa above ti’xe threshold for production of the ,
n(960') meson., The smooth curve drawn éboye the background curve in the w region
coﬁtains 359 events, Several independent estimates were made by drawing similar .
curves; the average of these estimates is 348+55. By determining the number of
events of reactioh (2) in the same sample and making co_rrectionsb for different fiducial
- volumes, A path-length cutoffs, and scanning efficiencieé, we find | |

I'(w—~ neutrals)/T(w—~ -rr+1r'-n'°)' = (9.7:*:1.6))(10-2. Barmin et 31.4 report évidence for
w—»wo-i-y. In our experiment we cannot say much about the composition of the neutral

-decay mode except that the contribution of w—n+neutrals is small (see the next section),

Search for w—>(n— -n'+1r-1r°) + Neutrals

Events of this type are kinematically underdetermined but in general fail to fit ,
{

the overdetermined reactions: A - " .
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K+p—=A+tn +1 _ (3)
K+ p»->23°+ n T : (4)
K+ p—~A+ 1'r++ n'-+v'n'°._ | (1)

Figure 2(a) is a histogram of the invariant mass squared of the system that recoils
against the A for those events that fail to fit reactions (1), (3), and (4). The events are

further required to have a missing mass greater than a #° mass. Fewer than 30

events occur above the background in the w mass region of Fig. 2(a), as indicated by

2

.the arrow. Figure 2(b) is a similar plot for events with 6(mm)2 < 6000 MeV"™ (that is,

well-measured events). Some events of reaction (2) are expected to have pions that
scatter or decay in flight in an unobservable fashion and consequently will fail to fit
reaction (2). We estimate that 10 events of this type are in the w region of Fig. 2(a).

Hence, in our data there arefewerthan 20 events of the type w— 'n'+1r-x°, where x° is a

neutral system with effective mass greater than the mass of the w°, The decay
w = (n—- 1r+1r--rr°) + neutrals is included in this type. Using thé known branching rat:io5
T{n—~ w+-n'-'n'°)/l“(n- all modes) = 0.274, we ‘deterrnin_e that thefe are fewer than 73 events
of th(e type .;n—- (n— all modes) + neutrals. Consequently, |
Iw-n(all modes)+ neutralsy T (w7 w0)<[(73/4208) = 1.7x 1072 ].

This number is important because it forms the upper limit of (a) the C-violating decay
mode w—n +1°, and (b) the electromaginetic decay mode w —=+n + v,

The branching rat106 T(n— neu‘crals)/r‘(r;» all modes) = 0,67 allows us to set
an upper limit on one of the contributions to the neutral decay rhode of the w:
I"[w—» (n— neutr‘als) + neutrals] /T (0w 'n'+'rr--rr°)s 1.1X 10—2.

Gla.show1 shows that if the C-violating wnm coupling constant were the same

as the pmm coupling constant, then I'(w- nm’) = 9.3 MeV. Our experiment pléees an

upper limit of (0,017)(8.5 MeV) = 0.14 MeV. See reference 7 for width of w meson,
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~also of =° events [see Fig. 3(b)] not excluded by our criteria. In Fig. 3(c) we find no

-4 UCRL-16109 -

Hence the C~violating wnﬁ'coupling can be 'v_cor‘nparéd to the C-conserving p wm coupling: wE
GZnm)/ GP(pmm) < 1.5% 1072

1In his Varenna lectures (1964) C}lashow8 points out that measurements of

w-n+y, & =7+ y, andp »n +y can 'pr-ovvide tests of the ¢ - w mixing theory. His A

predictions are I'(w-my)= O.002(1-5€)2 MeV, T (o 11'°x,/_)z 2.'1€2 MeV, and

T(o—>ny) = O'.26(1+O_.2€)2 MeV, where € is the ratio of the ¢pm coupling constant, G(op ),

to the vaw coupling constant, G(wpw). The quantity |e|=|G(épw)/G(wp )| is known to .

be less than 0.2 from the observed rates I'(¢p = 3mw)< (1/15) D(w—~ 3m). Thus I'(w—=ny)

could be zero if € = +0.2 and could be 0,008 MeV if ¢ =-0.2. Both are coﬁsistent with
our result of < 0.14 MeV,

Search for w = win" v

This mode of decay is harder to identify becauseevents of the type (1), | (3), and
(4) with-large measurement errof's can simulate it, Therefore we select "'goodévents, "
that is, those with error in missing mass 5(mm)2. less than 6 000 MeVZ.V The missing-

mass squared histograms of those events that are (a) poor fits to (3), presumably of

the type K + p.--A F T x%, and (b) have an invariant mass M(Ax?) greater than

- 4250 MeV (a value suffici.ent to exclude most T° events) are plotted in Fig, 3(a), (b),

(¢}, Ewvents with M(TT+‘IT-X0 in the w mass, region (750 to 810 MeV) are shown in Fig. 3(c).
Figure 3(a) and (b) are cérresponding histograms for events in the 7 région'(Sio to
580 MeV) and for events in between the n and w’regions (580 to 750 MeV). We find

evidence for n-- -rr+'rrf(x° = y) and for n— 'rr.+1r'(x°= 7%) in Fig. 3(a). We see evidence

evidence for w—>1r+1r-(x° = y). Fewer than 24 w — e y events are in the vicinity of

zZero (mm)Z. - From this number we determine that I" (v - v+w'y)/r’(w-' 'n'+1r-1r°)< 0.05.
. . of

K3

This result supersedes the value 0,032+0,013 reported previously (Shafer et.al.g) on

N

a partial sample of the present data, They observed a small narrow peak at (rnm)2= 0,

which they interpreted as w - 'n'+1r-y. Subsequently, the addition of more data showed
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a larger peak which was anomalously narrow; it vanished when the events in the peak
were remeasured. How this peak, many times na}rrowef than the resolution function
(that vanishés upon remeasurement), came about remains a mystery. Singer's pre-

dictionsio of this ratio are much smaller than the present limit,

w4+ Decay Mode

The reaction
K™ +p—[Y, (1385) = A+7] +7 | (5)
dominates the topology of reaction (3) and makes the identification of the reaction
K+p—A+{w~— Tr+1r-) difficult, Consequently we discard type (5) events from the

sample of ‘AnTn" events. The Mz(w+1r-) histogram:of Fig. 4(a) displays 3887 such

" events for momenta between 1.0 and 1.8 BeV/c. We first examine the possibility that

the narrow peak near the w mass might be a statistical fluctuation. The curve of
Fig. 4(5.) is the'least-square' solution to a single p—+ win” resonance superimposed

upon a smooth backgrou‘ir_ld. The p amplitude has the form

| m 3/.21,p 1/2
A =
P (m “-M%-im T
p PP
{ mp M2 - 4mﬂ_2 3/2
1-‘p = 1-‘po M 2 2 *

mp - 41“n_rr
where M is the invariant mass of the 1r+1r5° system, The mass m and width 'Tp 5 of
the p were allowed to vary along with three parameters representing the parabolic
background., The fit, wi‘ch mp = 762+ 4 MeV and I"p 0 " 105+ 13 MeV, | is very poor,.
Chi-squared is 103.4 when 60 is expected, The confidence level (the probability of
our getting a fit worse than this) is 0.04% . We reject the possibility fhat this is a
statistical fluctuation, We have exploJ‘:ed and ruled out the possibility that the Y%(1660)

could have produced a peak in the w region [by its projection on the Mz(Tr_+'rr-) axis, ]

" Nor could coherent interference between p and background improve the fit appreciably.



bt e e - e

~

6= S UCRL-16109

The next possibility is that we are observing the decayw- 4 7, a mode that o

many authors“ have ‘commented on. Here we are faced with f.he problem of p ~w inter-
ference, We consider two extreme possibilities: .complete coherence and complete
incoherence, The curve in Fig. 4(b) shows the best f{it s-l-olution to the h.ypot_hesis of
complete"coherence, where;rnp, Ppo' m , and I‘w; have beéﬁ fixed aﬁ'?SO, 400, '782,‘
and 9 MeV, respectively. The branching ratio corresponding to this fit is -
I“(w-»v-rr+1r-)/1'“(cb—> TT+TT-1T0) = (0.17:!:0.03)2= 2.9)(10-2; the relative p -w phase angle, well
_ 5elow either resonance, is equal to 0,81+ 0,26 radians, Chi-s&luared for this fit is

841.1 when 60 is expected., The confidence level is 3.%b. We quote the error in braanhing

ratio in this strange way because we find the amplitude andAnot the intensity to be

Gaussianly distributed,

The second ofthe two extreme possibilities 1s that the p an'c.llw are incolierent,

This is perhaps a _mbre fe;sonable_possibility because the data come frorr;.all.inciaenf
- momenta, from ali momenfum tré.nsfers, 'and from ‘all decay angles, '._Fhe lbest fit
* solution, shown in Fig. 4(c), gives‘I‘(w—-w"'-rrr-)/f(Q-“ nTn"w0) = (8.242. 0)x 1072, Chi-
squared is 79.5 When 60 is expected. The confidence level is 4.%. In this latter solu-
tion we allc;wed the p mass to vary rather than fixing it at 750 MeV. The best fit value
is rnp = 74(?17 Me(V. The mass of the mihas been fixed at 782 MeV with a width Fwo. =9
MeV. The resolution functi_on, of 10-MeV _width, has béen folded into all curves, V

The latest 'p,reclict:z'.on>'< comes from Coleman et al. 12 _

[F(w4v+w_) = 0.09 MeV]/I‘(w-jn'%v-Tro) = 1.1)(10'-2

. The main contribution to this calcu-
lated rate comes from the diagrams that are possible if an octet of sca;lar mesons
exists, This latter postulate is made in ordér to providé a specific mechanism for
octet doininance in the gightfold way. If such terms are not included in their calcula-~
tion, a negligible rate of I'(w— it m") = 0.0002 MeV is predicted,

Finally, \f{/e note the compilatiﬂovn\ that Ilitjens and Steinbergeri?’ made at a time
4 wﬁenllesé than a quarter of'oxl1r data was pubiished. 14 They pléce an upper limit of

-2

™A more recent estimatl':e by Picasso et al. 16 55 1. 6x10

P
'
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[D(w= 7 77)< 0,07 MeV]/Clorn 7 w0) = 0. 8X 10~ with 90%confidence. The number of

0

w=m 7 n® events that they compared with their nTn” mass spectrum was 35414, of which

‘234 were from our data, (This number should properly have been 342.) The number

% in our experiment that should be compared with our win” spectrum is 2330,

of w— e
(We have 4208 w=7'n"w® events. The correction for elimination of Y*(1385) from our
wt spectrum gives 4208/1.81 =2330.] Perhaps it would be prudent to keep an open
mind to other hypotheses that might explain oux" data. We feel that the enhancement
in the w region is not a statistical fluctuation. If it is a phenomenon that is unrelated to

w decay and if it does not interfere with the p meson, it would have its mass centered

at about 780 MeV with a width of I'® 20 MeV. We have examined the production angular

_ distribution of the events in the w peak region and found it to resemble approximately

the A+{w— -n'+-rr--n-°) production angular distribution.

Is the w— 'rr+-rr--n'° Decay Consistent with C-Conservation?

Lee and Wol.fenst:ein15 have suggested that; the apparent CP violation of KZ-» wi
decay, a|AS| = 1 transition, might be explained by introduction into the Hamiltonian. of
a’specific form of CP-violating interactiqn.' For I'A.SI =0 transitions,l as in w and n
decay, this interaction could become large enough to be observed along with strong or
electromagnetic interactions, Lefaz proposes that the matrix element'for w decay might
be of the form —}’m = (}3?(22) (A+B eld'>B rsin @), where r is the disfance f'rom the cenfer
of the Dalitz plot and 6 is the angle, measured clockwise, starting at the point of max-
imum momentum for the ™ The term $p is a measure of final-state interactions

2

and A and B are positive real numbers, whose ratio B/A could be of the order of 10™%,

This is a very small effect to be observed even with 4200 w decays, ‘Nevert':heless, we

fitted our data to this form of matrix element, The fit,' which was excellent, gave

B/A = 0.41+£0.09, and B/A = 3%6 radians. The confidence level is 66 percent
(chi-squared is 174 when 179 is expected). As we suspected, with our data we are

unable to detect such a small effect as B/A~ 1072,

. - )~§'..gllzy!;’%,. W
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Figure Captions

Fig. 1. Missing-mass squared distribution for 12354 events of K + p = A+ neutrals
at 1.4,. 1.5, 1.6, and 1.7 BeV/c,
Fig. 2(a). Histogram of the invarianvt mass of the system that recoils against the
| A for 1461 events that fail to fit the finél states Av+1-r-, A-n'+-rr-'rr°, and E°1r+-rr-.
2(b). Only those ev;ents afe plotted whose error in (missing mass)z is less than
6 000 MeV™.
Fig. 3. Histograms of the (missing m;ss)z for "good events' {6 rnm2 < 6000 MeV)
that fail Ar m~ and =0ntn”, (2) Events with an invariant mass (7 +m + neutral)
in the n region, 516 to 580 MeV; (b) events in between then andw regiéns, ‘namely,
580 to 750 MeV; (c) events in the w mass region, 750 to-810'MeV,

Fig. 4(a). Histogram of MZ(-rr+'rr-) for K™+ p~ A+ 7T+ m° events that are not

K™+ p—Y, (1385) + m 1.0 to' 1.8 BeV/c. (a) The solid curve is the fit to p alone;
the phase-space (dashed) curve is normalized to the total number of background
events, The other aashed curve is the background curve, (assumed to be parabolic).
4(b). The solid curve is the fit to p and w with completélycoherent amplitudes.

The d~ashedl curve is background. - |

4(c). The solid curve is the fit to p and w with completely incoherent amplitudes.

The dashed curve is background,
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mation, apparatus, method, or process disclosed in
this report. '

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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