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THE illp 
0 INTERJi'ERENCE EFFECT* 

G. Goldhaber, w. R. Butler, D. G. Coyn~, 

B. H. Hall, J. N. MacNaughton, and Q. H. Trilling 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, CA 94720 

UCnL-18894 

The search for ·the G~parity violating. decay of the ill, ill --+ rr + rr- which 
6 . 1-5 

may then interfere with p decay is nearly as old as these particles themselves. 

The conditions required to observe such an effect are: (i) a reaction yielding 

copious m and p
0 production, (il) production of ill and p0 in the same helicity 

states for a given interval in four-momentum transfer squared t, (iii) the 

large m-p 
0 sample must originate from an. incident momentum region small 

enough to preserve the m-p
0 relative. production phase, (iv) mass resolution 

demonstrably high enough to show such interference effects. 

:We have observed a phenomenon which we interpret as the illp interference 

effect--occurring as destructive interfe~ence ... -in the reactions: 

+ + - + :n:p-4 :n:rr:n:p· (12;672 events) (1) 

which is accompanied by the reaction 

+ + - 0 + :n:p 4 TC:n:rrrrp ·(15,066 events) (2) 

The data is taken from a recent exposure consisting of 180,000 pictures from 

the LRL 72-inch bubble chamber in a separated rr+ beam at the Bevatron, spanning 

momenta between 3·7 and 4.0 GeV/c~ We have concentrated 9n the channels 

+ + - ++ rcp-4·:n:rc!::. .. (6634 events) (la) 
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and 
+ + - oA++ 

1"( p -) 1"( 1"( 1"( w ( 9114 events) (2a) 

for which we estimate p0 ;production as 2900 eventsand ill
0 

production as 1900 

events. The phenomenon we observe consists of a four-standard deviation 

"valley" in the M(rc+rc-) distribution centered at the ill0 mass (the 780-790 

MeV l~in). Furthermore VIe observe a significant change in both the decay 

angular distribution and the asymmetry of the p when passing through m 
1"(1{ 

= m • 
All of these above 

ill 

1\ phenomena collectively appear · as dips in the moment,s N(Y~) as well as N(Y~) 
. . 
ex"tending over the same general mass regions. 

As a preliminary to establish what width dips we could reasonably expect 

to see, we have calculated the non-Gaussian resolution function from the 

distribution of known errors in m for the events used in the analysis. 
rcn: 

The resulting function is shown in Fig. 1, and is of FWHM 10±0.5 MeV. In 

Fig. l we also display an idealizedinterference dip of FWHM 13 MeV, and 

. . . * 
compare it to an idealized Breit-i.figner for no interference. When resolution 

) . 

is folded into the idealized dip, a significant but not complete filling 

occurs. Thus observable dips in the mass plot, if not statistical fluctuations, 

must reflect even greater true effects. Since the model in Fig. 1 is matched 

to the number of events in our sample, and because the ).2 S.D. effect changes 

only to 4.9 B.D., our conclusion here is that such a dip should be observable 

with our statistical accuracy. Note.that there is no experimental significance 

' 
to the ).2 S.D. quoted in this idealized example; the point is that the change 

in statistical significance, when resolution is considered, is small. 

We now discuss the qualitative behavior of the data which suggests a p-ill 

interference. Figure 2 shows the effect as originally noticed, ·with no t-cuts. 

'I'he clip in the m mass plot· oc.curs very near the ill mass. In some other 
1"(1"( 

*I.e., the p-Brelt-Wigner ls assumed to be perfectly known. Since .in our real 
data this is not the case, the statistical significance of the effect will be 
reduced. 
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experjments, the search.for incoherent m -4 2:n: has dictated that It! be 

large, as is evident from. Figs. 3 and 4 which show the very different t distri-

butions for + PA++ :n: p ~ w and 1{ + p ~ m6.++. As may be noted the t distribution 

for p productions falls off much more rapidly than that for m production. ~le 

expect maximal coherent interference to occur where the term 

is maximal, i.e., at lowest ltl. Moreover, we stre~s that here we must look 

for a coherent effect and must thus guarantee that the p and m overlap in the 

same helicity state (for any cut on t). FigUres 5 and 6 show the spin density 

matrix elements for p and m, as determined from fits to our two final states. 
in the region 

2 
It is clear that only,.;for · ltl < 0.2 (GeV/c) does the above t~rm have a 17ela-

tively large val_ue and apprecia"ble 0verlap in the same helicity state occurs 

(sre p
00

). Figure 7 shows the resulting mass plot for ltl > 0.2 (i'leV/c)
2 

. 

. No statistically significant effect is present. When the data comes from 

ltJ < 0.2, the apparent interference is greatly enhanced, as is shown in 

Fig. 8. (The similarity of the cos e distributions for p and m for It! < 0.2 

illustrates the overlap in the helicity state Jj,m) = j1,0), and is presented 

in Fig. 9· + For the p, B is the angle. between. the incident :n: and the outgoing 

+ + -:n: in :n: :n: center-of-mass system. For the m, B is the angle between the incident 

+ 
:n: and the normal to them decay plane in them center of mass.) 

Another qualitative argument against the possibility of a statistical 

fluctuation of 4 standard deviations at the ill mass· is given by examination 

+ -of the decay angular distribution vs cos e of the :n: :n: system as we pass 

'* through m . Figure lObshows a set of these ane;ular distributions for l0-l\1eV 

l';ir· lOa •'hows the gnss t1~ot fben a production a.ogle cut annroximatelv eouivalen;;, to 
\l.l~!t:.) is fua.dc~ plus·t e ap• l.Ca lQU of a~++ 1Pttri1'1t~ation tecnn1que. TI'le c~os\:1 pl.ovs 
111 J"Jg. lULl curresponc to 1s atLer mass pot. 
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intervals in the r/ rr"'" mass. The change in the character of the angular distri-

bution at mm shows that something anomalous is indeed occurring. The flat 

disttibution observed maybe primarily residualS-wave background after some 

cancellation of p and m amplitudes has occurred. 

Finally, let us consider the behavior of the moments N, N(Y~) and N(Y~). 

In Figs. 11 and 12 we show __ N(Y~) and N(Y~) in 20-MeV intervals. To the extent 
(, 

that factorization at the nucleon vertex is valid we can express these as 

N = C ( lA 1
2 

+ lA 1
2

) 
1 . p s 

N(Y~> = c2 1API 2 

. and N(Y~) = c
3 

Re (A;A
8

) 

where c1 , c
2
,. and c

3 
are normalizing constants. We would expect an interference 

in the p-wave to be more prominent in N(Y~) than in N, and perhaps of wider 
-~ 

extent in N(Y~) than in N(Y~). This result seems to be born out by the data. 

As a very preliminary quantitative result (which should be interpreted 

as defining the order of the. effect seen) we obtain. an estimate of the m ~ 2
rr 

m ~ 3rr 

branching ratio. To minimize the problems of incomplete knowledge of the S-wave 

background, we fit to the central portion of the mass plot alone. The model 
. . . . . . 

incorporates the coherent sum oftwo Breit-Wigner amplitudes (for p and m) 

with arbitrary relative phase~, plus an incoherent flat background: 

t 2 t . 
do -1 max ~· ·1· max ·f· . 

dm - t . dtdm dt = · C + 
t ... 

m1.n min · 

. I a t/2 .... a t/212} · 
C' B_'e P ·· + a ei~B e m dt 

p . . (l) (J) 
' .. 

Here \_ indicates a P-wave Breit-Wigner of the form 

1t' This result is expected if the S-wave backg;round has a non-negligible 
real part. 
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where ~and r~0 are the mass and width parameters. 

A typiCal least-squares fit is shown in Fig. 13, where ltl < 0.2. Note 

that the smooth curve is the unfolded theoretical model. The solid histogram 

is the data, and the points are predicted numbers of events/bin (and error in 

the prediction) including resolution effects. In this fit, four parameters 

were taken as known from the literature or from our t-distributions: 

rm == 12.2 MeV 

a ~ 15 (GeV/c)- 2 
p 

a ""'3 (GeV/c)- 2 
(l) . 

Two parameters not well established for this reaction are m and r . They 
p p 

are also not well determined from the fitting to the central region of the 

mass plot. Thus we looked at the sensitivity of the values of t3! am and c/c' 

to various discrete value.s of m and r ·. We tried 
.p p 

130 ~ r ~ 190 in 10-MeV steps, 
p 

'J60 ~ ln ~ 790 in 10-MeV ste·ps. 
p 

The result is that while f3 is quite insensitive to everything, acoand c/c' 
2 depend critically on r . From the variation of X , we get 

. . p 

m == 780±10 MeV 
p 

f3 = 188°±13° (completely destructive interference) 
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From the enitre mass plot we estimate the best value of r to be 170±10. The 
·p 

above parameters then are constrained,between.the following limits 

0.043±0.017 ;;; a ;;; o.o6o±0.022 
(I) 

8% ~ background ~ 22% 

Thus we adopt as a rough value of a · ru· 

a ~ 0.051±0.030 (I) . . 

This result propagates (with suitable corrections for helicity amplitudes, 

t-cuts, and. p/ru ratio) into an approximate branching. ratio 

It should ·be noted that this includes only the coherent interference between 

p and ru. We consider the effect, at its present level, as only qualttative 

and defer questions of significance of this result until simultaneous fits 

of mass plots and moments of spherical harmqnics are completed. 

'v/ 

In . ·' 
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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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