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THE p” INTERFERENCE EFFFCT*
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The search for ‘the G- parlty violatlng decay of the w, W - n+n which

may then 1nterfere w1th p decay is nearly as old as these particles tl'lemselves.l.5
The conditions required to obserVe such_an_effect are: (i);a reaction yielding
‘copious @ and p° broduction, (ii)_producticn of w and 6° in the same helicity
states for a given_interval'in foﬁr—momentnm‘franSfer squared t, (iii) the .
large w-p° sample must originate frcm ‘ann._j_'incident momentum region small
enough to preserve the w-po reletive prcduction phese, (iv) mass resolution
demonstrably high enough to show such interference effects.

| We have observed a phenomenon Whlch we . 1nterpret as the wp. interference :

effect—-occurrlng as destructive interference~-1n'the reactions:
+ e o o :
T p - X P . - (12,672 events) . - (@)

'f which is accompanied by the reaction:

AP = o aixn p - (15,066 events) - (2)
The data is taken from a recent exposure-consisﬁing of lBO,COO piéfures from
the LRL 72-inch bubble chamber in a separated ﬂ+ beam @t the Bevatron, spanning

momenta between 3.7 and 4.0 GeV/¢. We have concentrated on the channels

wp oA (6634'eveﬁts)fi- ()
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and AP = nn (9114 events) ‘ (2a)

for which we estimate po pfoduéﬁion as 2900 events.and w’ production as 1900
events. The phenomenon we observe consists of a four-standard deviation
"valley" in the M(ﬁ+n—) distribution centered at the @° mass (the 780-790

MeV Bin)a Furthermore we observe a'significaht éhéﬁge in both the decay

angﬁlar distribution and the asymmetry of the p when passing through mo_o=m.
All of these above o . o o
A phenomena, collectivelappear - as dips in the moment.s N<Y2> as well as N(Yl)

_éxtcndiﬁg over the same general mass réegions.

As a preliminary to establish what width'dips we cbuld réasonébly expect
to gee, we have calculated fhe,ﬁéh—Gaugsién reéOlutionbfuncfion from the
distribution of known errors in ﬁ#ﬁ for thé efént$ used in thé analyéis.

The resulting function is shown ih'Fig. 1, gnd is-of FWHM 10+0.5 MeV. 1In

" Fig. 1 we also display an idealized=ihté£férenée dip of FWHM 13 MeV, and
compare it to an idealized Breit—Wigﬂéf:fbr'no intérference;* When resolution
is folded into‘the idealized dip, a signifiéant bﬁf)nbt coﬁplete filling
occurs. Thus observable dibs in'the.ﬁass ﬁlqt,‘if nét'statistical fluctuations,
must reflect evén greater tfﬁe‘éffeéts. Sincé the'model,in.Fig. i is matched
to the number of events in our sample,'and bécauéé the 5.2 S.D. effect changes -
only to 4.9 S.D., our conclﬁsion here is that such a dip shoﬁld be observable
with our statistical accuracy. Note that there is no experimental significance
to the 5.2 8.Ds quoped in this idealized example; the point is that the change
in statistical significance,'wheﬁ resolution 1s considered, is smali. ‘

We now discuss the qualifative behavior of the data which éuggests a p-w

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

The dip in the mnn mass plot-occurs very near the mass. In some other

*I.e., the p-Breit-Wigner is 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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experiments, the search.for incoherent — 2n has dictated that {tl be

large,yas is evident from Figs. 3 and 4 which show the very different t distri;
butions for ‘n+p - p£?+ band n+p - umf+. As may be noted the t distribution
for p productions’falls'off chﬁ.more rapidly thaﬁ that for w pfoductionf Ve
expect maximalicoherent interference to occur where the term

(p amplitude)(w amplitude)
(p intensity) + (® intensity)

is maximal; i.e., at lowest Itl. Moreover, we stress that here we must look
for a coherent effect and must thus guarantee that the p and w overlap in the‘
same helicity state (for any'Cut on t). Figures 5 and 6 show the spin density

matrix elements for p and w as determlned from flts to our two final states.
in the region

It is clear that only«for ' |t| < 0.2 (GeV/c) does the above term have & peia- .

tively large valﬁe and appreciable overlap in the_éame helicity state oceurs

(see . Figure 7 shows the resulting mass pldt for lt > 0.2 (GeV/c)Z.
v DOO

-No statistically significant effect is present; 'Wheﬁ the data comes from

|t| < 0.2, the gpparent interference is greatly ehhanced, as is_éhbwn in
Fig. 8. (The similarity of the cos 6 distributions for p and ® for Itl < 0.2
illustrates the oveérlap in the helicity state !j,m) = ll,O), and is presented

. . ' . . .+ ; Lo
in Fig. 9. For the p, 6 is the angle between the incident s and the outgoing

+ o * - ' 4 . .
t in % n center-of-mass system. For the w, 8 is the angle between the incident

x" and the normal to the ® decay plane'in-thebw'center of mass.)

Another qualitative argument against the possibility of a statistical
fluctuation of L standard deviations at the ® maés'is given by examination
of the decay angular distribution vs cos é of the n+n- system as we pass

throngh m .. Figure 10bshows a set of these angular distributions for 10-MeV

ig.,10a hows the nass é hen a prodqptlon le.cut ap roxlmate%ﬁ egul
ﬁkffbl\lgg céx%copo p% ica a%%erfmass plggrl%gga%ion te nlque e

O
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intervals in the:ﬁ+ﬁé mdss;I The chengérin éhe‘chefaetef_of the engular distfi;
‘bution aﬁ m éhows thatvsomethiné‘anpheloue“is.indeea oecurringr‘ Thebflatv
:dietfibution observedlmey:be primeriiy‘residual Srﬁaveubackground after soume
‘"cancellatlon of p and w amplltudes has occurred. | ' |

Finally, let us con51der the behav1or 01 the moments N, N(Y ) and N(Y ).
In Figs. ll and 12 vwe show N(Y ) and N(Y ) in 20- MeV 1ntervals.. To the extent

that factorlzation at the nucleon vertex is valid we ‘can express these as,

oyl o 8,13

(LI

. o
n{Y ) cejApl. -

n

. Re(A’A )
- p 8

'ahd.-‘.‘ N(Yl) 3

where Cl’ C2, and C3'are normalizing constants.. We would_expectfan interference'

g) than(invN, apd‘perhaps ofbwider

in the p-vave to be moreeprominentﬂin N(Y
extent in N(Y ) than in N(Y >ﬂ‘ Tﬁie resulf seems to be born out by the data.
As a very prellmlnary quantltatlve result (which‘shduld be interprefed
as-deflnlng the order of the,effect seen)rﬁe ?btaip.ap'esﬁiméte"Of_the & 5 3n
brénching ratio. To minimize the pfbblems of‘incompiete knowledge of the S-wave
background, we fit to the central portion of the ma,ss plot alone. The model

incorporates the coherent “sum of two Breit Wigner amplltudes (for o) and w)

with arbitrary relative phase:ﬁ, plus an-lncoherent flat baekground:

t L E b :. o . . .'_‘fj ) ; )
do _ max . d20 L max; C.+ o B“eapt/? ¥.aA iﬁglé%ﬂt/e 2 dt.x‘
dm ~J, dtam ©° T/ L B AR NN ’

: ' “min . R

min :

Here B, indicates a P—waﬁe‘Breit—wigner_Of the fdrm,*

¥ This result is expected if the S-wave background has a non- negligible ‘
real part. : -

w — 2

b
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3/2.1/2 ' : 2 2
'mi/ FX/ _ v ~ Wy m - hmﬂ 3/2
- (@ - 1) - imT. S i - e
mn mx My Ao _ o\ s
where m, and rko are the mass and width parameters.

A typical least-squares fit is shown in Fig. 13, where |t| < 0.2. Note

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

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

the prediction) ihcluding resolution effeqts° In this fit, four parameters

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

m, = 783.3 MeV
I' = 12.2 MeV
[dV] .
a ~ 15 (Gev/e) 2
a, ~3 (GeV/c)-g' .

Two parameters not well established for this reaction are mp and pr They-
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 B, Q&-and*G/C'

to various discrete values of mp and Pb. We tried

130 = T £ 190" in 10-MeV steps,

760 = m £ 790 -.in 10-MeV steps. .
The result is that while B'is_quitevinéensitive'to everything, %uand C/Cf

depend critically on Fp. From the variation of Xg,fwe get

78010 MeV

S

m
o

B

M

188°+13°  (completely destruétivaVinterference) ‘
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From the enitre mass plof.we‘estimate'the besﬁ value of Fp.to be 170+10. The
above parametéré‘then are constrained between the following limits
0.043t0.017 § o & 0.060£0.022
8% = background s 22% .
Thus we adopt as a rough valueHOf'qb: _

O@ &~ 0.,051*0.030 .

This result propagates (with suitable corrections for helicity amplitudes,.
t-cuts, and p/w ratio) into an approximate branching ratio.

S W ex
o~ 3x

%297:}:3:8% 6 »

It should be noted that this'includesvonly the coherent interference between
p and w. We consider thefefféct, at ité present. level, as only qualitative
and defér“questions of significance of ‘this result until simultaneous fits

"of mass plofé and mdments of_sphefical harmonics are completed.

M/
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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’
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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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