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The detailed shape of the ys”(3772) has been measured and analyzed at SPEAR by two separate groups.
Both analyses find that an unphysically large range parameter is needed for the P wave to fit the data. We
use a two-resonance formalism to include the required unitarity effects of the y'(3684) on the " shape. An
excellent fit is obtained only if the ratio of couplings (gy .+ .- 8,05)/ (8y"c+*.- 8y'pp) is negative. For this fit the

range parameter can be very small. We determine g,,p%/gypp* ~ 0.8.

The ¢” (3772) resonance hasbeen accurately mea-
sured in detail at SPEAR both by the Magnetic Detec-
tor Group! (MDG) and by the Direct Electron Counter
Group? (DELCO). We will concentrate our dis-
cussion for the moment on the MDG data since the
data, analyses and conclusions of the two groups
are similar.® Since the y” is so close to the DD
threshold, it is important to treat the kinematics
of the problem carefully. The data for R was
analyzed® using an incoherent background

Rp=a+b(p2+py®) (1)
and a single Breit-Wigner resonance with amplitud.

T=(TLTL /4 2/(m" - E-iTp,/2),

T3 =8uepp P 2

P=po"/[1+(rpe)?]+p,2/[1+ (vp,)?],

R=01/0,, =Ry 45 |T|*0(E - 2m110) 3)
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where p,,, is the momentum of a charged (neutral)
D from D pair production. They found that the fits
required the range-parameter 7 to be quite large:
The fit in their Fig. 3 was for »=3 fm. This value
of the range is physically unacceptable since at the
Y’" mass m'’, (rp),..>> 1. [See the discussion fol-
lowing Eq. (5).] The data below E =m’’ rises much
faster than a “reasonable,” energy-dependent P-
wave width would give. In fact, they found that an
energy-independent T" fits even better.

The purpose of this paper is to report the re-
sults of a fit to the data which includes the ve-
quived and important unitarity effects of the y’-
(3684) on the shape of the ’’. These unitarity ef-
fects, neglected in the previous analyses'’? enable
us to obtain excellent fits with a small range
v.
We fitted the data with the background term (1)
and the unitarized two-resonance amplitude®

2 A'ATHN?

where
A=(m-E-il',,/2),
Tpp=8uon’P >

- 2
I-‘ee =8yee >
and

X\ =P8y ppBurepp/2 -

(®)
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These equations are analytically continued below
the DD threshold by p —i|p|. Note that the T am-
plitude must have a ¥’ pole located about as far
below the DD threshold as the i’/ resonance is
above threshold. Thus if (#p)Z,, ~1, then we see
from (2) that p (and thus I') developes a pole near
the ¥’ mass. We rule out as unacceptable, solu-

tions with these spurious Castillejo-Dalitz-Dyson
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TABLE I. Parameters for our fits to the MDG data (Ref. 1) (21 points) and the DELCO
data (Ref. 2) (18 points) for 6 negative. (Units are in the appropriate powers of MeV). The
P’ and ¥” parameters are constrained to lie close to the previously published values.

Fit to MDG data

Fit to DELCO data

a 2.80 2.52

b/ by 2 +p o) n 0.107 4.75% 1072
m’ (fixed) 3690 36902

m” 3782 3783

I, 2.18x1073 1.72x 1073
e, 2.70x 107! 1.00x 1071
Tpp(m’’) 35.0 35.0

Gepp/ G o 0.811 0.769

v (fixed) 0.0 0.0

x° 16.7 11.1

“Note that this gives a ¥’ pole position of about 3680.

poles (associated with large ») in the denominator
of T since we require the proper analyticity (as
well as unitarity). Note that for » small and HI“"/
(m'" = m’)|< 1, the ’ pole position is given by the
zero of m’—|T’|/2-E.

The Okubo-Zweig-Iizuka—rule—forbidden decays
are neglected as well as coupling to the closed DD*
and D*D* channels.” Excellent fits (given in Table
I) to the data are obtained only if the ratio of coup-
1ings 6 =(gy o8y pp/Sorrce&wepp) 1S Negative. This
is readily understood from (4), since for & positive
there will be a zero in T between the ¥’ and ’’.%
For 0 negative, there is construction interference
in this region and T rises quickly for increasing E
even with the range parameter set equal to zero for

the fits in Table I. We determine the one new pa-
rameter gy pp>/&ye pp> in our fits to be ~0.8.

The most detailed understanding of the i spec-
trum below 4 GeV comes from the charmonium-
model calculations.” The ¥’ is understood to be a
D, ¢T state, with an admixture of 3S, (via a tensor
force and through coupling to DD) to give the ap-
propriate decay width I'},. It would be of consider-
able interest to know if these theoretical models
are consistent with the results of our analyses on
the sign of & and the magnitude of g pp®/yes pp°-
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