
PH YSICAL REVIEW D VOLUME 18, NUMBER 3 1 AUGUST 1978

Comments and Addenda

The section Comments and Addenda is for short communications which are not appropriate for regular articles. It includes only the
following types of communications: (1) Comments on papers previously published in The Physical Review or Physical Review Letters.
(2) Addenda to papers previously published in The Physical Review or Physical Review Letters, in which the additional information
can be presented without the need for writing a complete article. Manuscripts intended for this section must be accompanied bp a brief

proofs are sent to authors.

Unitarity effect of the Q'(3684) on the shape of the Q "(3272)

Gordon L. Shaw
Physics Department, University of California, Irvine, California 92717

James S. Ball
Physics Department, University of Utah, Salt Lake City, Utah 84112

(Received 17 January 1978)

The detailed shape of the Q"(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 Q'(3684) on the Q" shape. An

excellent fit is obtained only if the ratio of couplings (g&„, g»)/ (g&",+, —g&"») is negative. For this fit the

range parameter can be very small. We determine g&»'/g&"»' —0.8.

The g" (3772) resonance has been 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 g" 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

Ra = a+ b(P, '+P, ')

(3)

and a single Breit-Wigner resonance with amplitud

& =(r,",r,",/4)"'/(m" —E —i r'z/2),
~D'D =gt("DD ] (2)

p =P.'/[1+ (rP.)']+P,'/[1+ (rP, )'],
9

R =o,/o. , =R, +—l~ l'~(E - 2~,.),

where p,&» is the momentum of a charged (neutral)
D from D pair production. They found that the fits
required the range-parameter r to be quite large:
The fit in their Fig. 3 was for r = 3 fm. This value
of the range is physically unacceptable since at the
$" 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 I' fits even better.

The purpose of this paper is to report the re-
sults of a fit to the data which includes the re-
quired and i)nportant unitarity effects of the g'-
(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
r.

We fitted the data with the background term (1)
and the unitarized two-resonance amplitude4

W/2 A A iigP'eeg6' ~ DD'L ++0 ~ ee +ADD" + (gPeegPDD+g0' ~ eeg&DD)
2 A'A" + &' (4)

where

and

~gus DD ge»DDi2 ~

A=(~ -E- zr, /2),
2

DD g4DD l

2
ee g (tice r

These equations are analytically continued below
the DD threshold by P -i iP i. Note that the T am-
plitude must have a g' pole located about as far
below the DD threshold as the iI)" resonance is
above threshold. Thus if (rp}'„-1, then we see
from (2) that p (and thus r) developes a pole near
the |t}' 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 thc DELCO
data (Ref. 2) (18 points) for 5 negative. (Units are in the appropriate powers of MeV). 'O)c

and fI.
" parameters are constrained to lie close to the previously published values.

Fi«o MDG data Fit to DELCO data

b j(p+ +p p3), ir

n&' (fixed)

88

I ~D(n)' ')
o

~ q 'DD ~,~g' ' DD

r (fixed)

2.80
0.107

90
:3782

2.18' 10
2.70x 10 '

l&5, 0
0.811
0.0

16.7

2.52
4.75x 10

,'36 90'
3783

1,72&& 10
l. .00' 10 '

,'35.0
0.769
0,0

11.1

"Note that tl~is gives a $' pole position of about 3680.

poles (associated with large r) in the denominator
of T since we require the proper analyticity (as
well as unitarity). Note that for r small and ~-,'I'"j
(»~" —rw') ~«1, the $' pole position is given by the
zero of ui ' —

i

I"
i
/2 —E.

The Qkubo- Z weig-Iizuka —rule-f orbidden 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-
lings 5=(gg e ggeiig&(ggt ~ ~ Jeeps D)@is negative. This
is readily understood from (4), since for 5 positive
there will be a zero in T between the P' and P".'
For ~ 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. %'e determine the one new pa-
rameter g„,DD'/g&„DD' in our fits to be -0.8.

The most detailed understanding of the $ spec-
trum below 4 Qeg comes from the charmonium-
model calculations. ' The g" is understood to be a
'"D, cc state, with an admixture of 'S, (via a tensor
force and through coupling to DD) to give the ap-
propriate decay width I",,'. lt would be of consider-
able interest to know if these theoretical models
are consistent with the results of our analyses on
the sign of 5 and the magnitude of g~, ~D'/g„„D~'.
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