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In a recent paper, Earles and Srivastava(l) have proposed a unitary
model for p-@ interference which has some rather sur'prising consequen
ces, For instance, a study of the said interference effect in ete”™ collid-
ing beam production of wTn~ pairs leads them to conclude that, contrary to

the commonly held view, a very small B o -» 2w branching ratio) is

o
indeed consistent with experiment, This result is pleading because

it restores one's faith in the old VMD calculation proceeding through the
chain w vy = p ~> 21,{(2)» Unfortunately, the data are not accurate enough
to determine By, With much precision, Rather conservatively, they
claim that

+25 4

B = (15 }x 107

, (2 st, dev,).
W -11

Naturally, to test the model further, one would like to investigate
other reactions showing the interference, e.g. pp — 7 n (v w~nC),
vp —>nTwp, etc, The first set, ie, pp annihilation into 5 pairs has the
advantage of possessing excellent statistics(3), but suffers from the

problem of relative production phase and parametrization of the back-
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ground, On the other hand, photoproduction experiments of the type vp -~
— wtn"p, suffer from poorer statistics, There do exist reactions, ho-
wever, which have merits of both: relatively free from background and
production phase uncertainties (unlike pp annihilation) but allowing for
higher statistics and an increased interference effect (relative to the photo

case)! We thus turn to processes of the type
K'p - Aw' n”
> 3 Ot ,

and discuss why these are preferable reactions.

First, as shown in Figure 1, the production cross-section for K'p-»
—> A p°® and K'p —» Aw are (almost) equal, This is easy to undefstand
in the quark mode1(4), These reactions proceed through K, K*, Kfm, .o
exchanges and the pairwise-couplings (KE‘p, KK ® ), (K I“{-*p, KK%w ),
(Kf{-*kp, K K¥¥g ) are equal in the quark model, once one admits that
@ has no strange quark-antiquark admixture, This is one of the "cleaner®
results of the quark model and is sustained by experiment (Fig, 1). A
related prediction concerns the decay of Ki@(léZO) inte Kp and Ko . As
discussed later the equality of the two couplings leads one to calculate
the relative decay rates - given a model for p-o interference,

The other important point to notice is that we gain (in the amplitude)
a factor of e /fp ~ 3 vith respect to eTe™ and photoproduction experi-
ments !

It is quite easy to obtain formulae for the resonant amplitudes (K™p ~»
> Ante”, Kp Ew"“w") using the " old" model (called, Model 0),
which is simply a sum of p and ® Breit-Wigners with an arbitrary phase,
as well as the new unitary mode1(!) (called Model U). Using the notation

of ref, (1), we have for

Mod : = +
odel O T t XKX e t )y:Ky']T’ (1)

where 1t o °re the B. W, amplitudes for p, g resonances ; Xpe and Yk

2

stand for the "branching ratios" of p and @ respectively to the K -K



w
.

(exchange) system and similarly x, and y_ are their b, r. to the ntu”

system, The phase @ would be the same (to first order), via the Fer-
mi-Watson theorem, as the one observed in Orsay eTe"— ntm (5)

the p-phase, Indeed, one finds(®) that ® = @ (ORSAY) & 85.7 * 14, 40,
We thus take @ = v/2, The second point concerns the b, r, Clearly

x %1, Also, as discussed earlier, the equality of the p-@ couplings
to the K -K (exéhange) system, xK/ng \/7’;7?; , where Fp’ stands
for the total widths of p, ® resonance, The quantity y_ = Vm is
obtained from Orsay(S) to be 0,19 1 0,10 (2 st, dev. ), Thus, the predic-

.tion of Model O may be simbly written as

ﬂiToiz(x tp 52)1/2 g wyn ) (2)
P
This is plotted - in arbitrary units, naturally - in Fig, 2A, along
with the no interference (Model N) case - which is just the p B.W, The
resonance parameters are taken from ref, (7). As expected, a very sharp
interference effect appears,
Now let us turn to Model U, To first order in r = z" XYy ™ Vo which

i
gives the "overlap" between p and @, Tu can be written as(!)

0 t -4t
WP _pw
T + y 471 + +
ot XX t w0V 5 (XKyw yKXW) 0(r7),
P W
so that _ _
1/2 9 Ao
T =t Tt r (e -t = 3
— o L) o] w
m; I}
where 6p o are the resonant phase shifts, tan J, = — 5
) & m. - s

To make comparison with Model O as strict as possible, we choose
for r, the value found in ref, (1) by fitting the same Orsay data(5) used

to get B as above (for Model O), To within two standard devia-

W —> 2
tions r = \315 x 1072, The prediction of Model U is shown in Figure 2B,

Again, a clear interference signal can be seen, Thus, our expectations
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are more than fulfilled, Models N, O, U dli.ffer‘sca substantially with one
another that even moderately good data in small mass bins should have
little difficulty in discriminating between them, Unfortunately, even such
a modest request is deried;. There do exist data on K"p ~>Antn™ as well
a8 K'p — 2 e (of course, with poorer statistics), procured by Agui-
lar-Benitez et al.,( ‘5), but the niass bins (30-40 MeV) are too broad for
our purposes, Thus, we have to be content with only some semi-quanti-
tative conclusions based on this data,

. (i):Both'kModel O and U predict that the c&bserved p mass should be less
than the input value (obtained from PDGM) ), i.e,

:mp_(qbserved) < 770 t 5 MeV
On the other hand, Aguilar-Benitez et al,(6) quote

57TL5  (A)
m (observed) =
p i 6t 9 (3).

Thus, this observation is consistent with both models,
(ii) In ref, (8), it is also observed that the 740 T 20 MeV bin contains more
wty” (JP = 17) events than the higher 780 + 20 MeV bin, Such a depletion
(in fact a rather sharp one) of events on the high mass side is obtained
inAMOdel U and hence would favor this model, ;

Clearly, nothing conclusive but Model U has an edge over Model O.

Let us brieflydiscusshow'K*x decay into p and @, From PDG
guide to the particle states for I 973(7)', we find

P ~ +. ’
Rexp * ""Kmh} e %‘ ézf‘i ¥ 12 g';;/" = p,70%0,35
. K e K e T Ly 0

From-our main hypothesis (equality of couplings) and without p-w

interference

Thus, interference is supposed to lower R, This is again distinctly

indicat‘ed'lfby’,Model U but works the wrong way for Model O,



Both the above analyses lead us to suggest that future experimental
work on mtr™ production from K 'p be made with mass bins appropriate
for Fig, 2, Also, for the decays of Q, K** into Knw, one first subtract
the large (K*n) events and then plot the wtr~ mass spectrum,.

We have seen that these processes inercase the interference effect
over the photo case by a factor of 3. Can the effect be still increased ?
The answer is yes. Consider the decay of a hypothetical (?) 1GC = -+
meson, called M(s’ 7), into wTm”y, VMD implies that the decay proceeds
through M —>p%® —> (r"77)y and M > @p°~> (wtn”")y. But now there
are two factors of f /fp and hence one gains (in the amplitude) a factor
of 9 relative to the ete™ or photo case ! In fact, the interference is so
strong as to distort almost completely the p-events, Thus, if the guan=
tum nos.10C = 177, the puzzle of why M(954), in contrast to (almost
degenerate) 7', while decaying into nTn~y gives no p signal may be
resolved, Since %' has I=0, in %' 7"y the p-@ interference is
almost an order of magnitude less, i,e, the same as in the photo case,

In connection with the last paragraph, ofcourse, the best process
would be to consider ete” into nTn n® and study the wTr” mass spect-
rum for p-e@ interference, What we said before goes for this process
as well but we have the additional advantage here in that one has a varia-
ble mass "photon" and hence one can survey the situation more comple-
‘tely.

In summary, we have studied p- @ interference in i system
produced either in K~ initiated reactions or sirange meson decays and
find that various models give quite different spectra, The data are not
appropriate to decide amongst them but the model proposed in ref, (1)
seems to be favored, We strongly urge that the suggested experimental

analysis be made to decide on this rather crucial question,

It is a pleasure to thank the Theoretical Group of the Laboratory at

Frascati for its kind hospitality,
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