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We develop a model based on quark conservation which provides a relatively simple description for three-

meson vertices, even when the spins of the particles are large. This should lead to a simplified

parametrization of the Reggeon-Reggeon-particle vertex needed for multi-Regge phenomenology. Tests of the
model involving measured decay rates are encouraging.

I. INTRODUCTION
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has a rather complicated dependence on the func-
tions ti(X, t„t,) giving the coupling of particle D to
the two Reggeons at the central vertex. This cou-
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Phenomenological treatments of reactions in
which two particles go to three particles have gen-
erally neglected possible dependence on one of the
kinematic variables, the Toiler angle, unless they
relied on a Veneziano-formula parametrization. '
This is primarily because the general formula'
describing the reaction of Fig. 1 in the double-
Regge limit

pling P, which depends in an unspecified way on the
helicity X carried off by each of the Reggeons in
the X rest frame (X is assumed spinless}, appears
in the vertex function V,(t„t„q») as
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A similar formula obtains for V,. In the absence
of a specific model for the P function, it is difficult
to parametrize the q» dependence of the V& func-
tions in a convincing way. The variable g» is re-
lated to the Toiler angle + in the double-Regge
limit by

t,'+t, '+ mx'-2t, t, -2t,m~ -2t,mx

so lack of understanding about p(&, t„t,) translates
into an inability to parametrize the Toiler-angle
behavior.

Field theory is not much help, for there can be
many different couplings of the two particles J~
and J~ on the two Reggeons to particle X, and each
such type of coupling should appear with a different
coupling constant. The Veneziano model, on the
other hand, specifies ti(X, t„t,) =1; this model has
been applied to many 2 3 reactions with varying
degrees of success. We feel that other models
should be investigated; since data for experiments
with large numbers of events in these channels is
becoming available, such parametrizations can be
tested fairly thoroughly. It is almost an axiom of
phenomenology that only simple models can, in the
long run, be handled with any degree of faith. This
paper should be viewed as a first step toward such
a simple model.

In Sec. II we explain the basic ideas of our model,
which is based on Zweig-rule conservation of
quarks at meson vertices. The actual expression
for the vertex is derived here and in Appendix A.
Section III discusses tests of the formula using
measured widths for tensor- and vector-meson de-
cays.
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FIG. 2. (a) Triangle diagram illustrating type of con-
tribution envisioned in our model. (b) A contribution we
have neglected. (c) In calculations of model, internal
quarks are put on the mass shell.

H. THE MODEL

As a first simplifying feature, we assume that
all mesons are made up out of qq pairs of spin-k
quarks, and that the basic meson vertex is some-
how related to the Zweig-rule-obeying triangle
graph of Fig. R(a). The blois at each corner repre-
sent meson wave functions of the qq system. This
is already a very strong assumytion; we ignore,
for example, all possible complications like the
gluon exchanges shown in Fig. 2(b}. Models simi-
lar to Fig. 2(a) have been considered by several
sets of workers, ' using various models of the me-
son wave functions. Frequently, their results de-
pend strongly on the behavior of these wave func-
ti, ons for off-mass-shell quarks.

Phenomenologically, however, the great suc
cesses of the quark model have occurred when the
guarks could be treated as on-mass-shell spin-$
particles (the parton model and the "concrete
quark" model are two such instances}. We have a
strong bias that off-mass-shell properties of
quarks should not be essential to the physics. For
thi, s reason, we feel that it should be possible to
obtain a reasonable model of the vertex from con-
sider' ng Fig. R(c)', where each quark line has most
of its contribution coming from some effective
mass p. %'e will confine our discussion to the im-
plications of this approximation.

Of course, for general meson masses and quark
masses it is impossible to keep all the momenta in
the on-shell triangle diagram real and still have
momentum conservation at the three vertices. If
we insist on conservation of all four components
of the momentum, and calculate angles using dot
products in the usual way, the cosines of some
angles will be greater than one, or even complex,

for certain mass configurations. We accept this
as the price of having the simplest possible pa-
rametrization of the vertex. In other words, we
calculate all kinematic quantities in a region of the
meson masses and quark effective masses where
the triangle diagram is a physical process, and
we then continue the expressions in these masses
to the region that is actually under consideration.

Although this is a very unorthodox procedure,
some such assumption seems necessary to achieve
the desired simylification in the results. Ve will
pursue this assumption and see where it leads. '

By making this on-mass-shell assumption, we
can treat the mesons as poles in the quark-anti-
quark scattering amplitude. Once complications
due to SU(3) are removed, mesons with natural
parity and charge parity IP=(-1), C=(-1) j have
only two independent residues in qq scattering,
and mesons with P= -(-1)~ have only one indepen-
dent residue, regardless of the spin of the meson.
Hence, if we use these residues as parameters for
our vertex function, we can describe vertices in-
volving particles with very high spin in terms of
only a few parameters. This is obviously a great
simplification if we are dealing with decays into
high-spin particles, or with vertices involving
Reggeons. We see that a maximum of nine pa-
rameters (three quark effective masses and up to
six residue functions) are needed to describe the
most general vertex; usually there will be fewer
parameters since (a) we expect all guarks of a
given flavor to contribute with the same g, and (b)
many of the residues which enter in practical work
contain one or more yions, which have only one
residue function.

In the rest frame of one of the mesons, the me-
son pole ayyears in those of the qq helicity ampli-
tudes apyropriate to the meson quantum numbers.
For example, P=(-1)I, C=(-1) meson poles ap-
pear in f„,„,f„, , f, . „and f, , and the
amplitudes related to these by parity invariance.
The residues of the poles factorize, so we have
two independent residue parameters A„and 8, .
Hence the parameters appropriate to each meson
are defined in the rest frame of that meson To.
construct the overall vertex in the rest frame of
one of the mesons, we must boost the information
about the other corners of the triangle from their
rest frames into the rest frame where the vertex
is being constructed. The quark helicities are
rotated under this transformation, ' so our triangle
graph Fig. 2(c) is essentially represented by resi-
due functions for each of the three corners linked
by rotation matrices. Each such dq„' describes the
rotation of quark helicities in transforming be-
tween the rest frames of the two mesons linked by
that quark line.



16 MODEL FOR COUPLINGS 183

Finally, we must remove the external quarks in

each qq scattering; this leaves the meson pole.
The different helicity states of the mesons con-
cerned are then present in amounts determined by

rotational invariance.
In Appendix A we explain these steps in more de-

tail and demonstrate that our three-meson vertex
must be proportional to

,(~)&'...,, .(~)R,.(m ')d', (',(4,)d."y(4)&,"',(0,)R, , (m ')&,' . , (Sc)R. , (mo')~, ', ,(8o) (4)

where the labels of Fig. 3 are used and the various
angles are defined as follows:

(a) The vertex is calculated in the rest frame of
a meson of mass squared m&' and spin J; it de-
cays into particles with masses squared and spins
mc', Jc and m~', J'~. The spin projections of these
mesons are M, Mc, and M .

(b) The angle 8 is the angle between some z axis

and the direction of C, in the s rest frame.
(c) R,&(m') is the helicity-labeled residue at the

meson pole in the appropriate qq scattering. For
example, for a pion R, , (m, '}=-R (m, '), R+
= R, =O.

(d) The angles of rotation of the quarks are de-
fined by

2 2 2 2 2 2

cos$5= mc +p —p. mx +

2nlc ps 2mxp5 2 Pox�'mc 2@le P'5 2mx p, ,

pic + p ~ —p, yg& +p ~- p. yacc +yea —mx A inc, p. , p. ~~ A ypg&, p. , p,

2~6mc 2mDp6 2mc m~ 2mc p'8

m~'+ p.,' —y,,' m„'+ ii,' —y, ,' mx'+ mD' —mc' [A(m~', p, ,', p,,')]' ' [A(m„', y.,', y, ,')]' '
2PLDp, 8 2tsxps 2mDPPl 2p 8Plg) 2 p8mx

win A(A, R, C) = A'+ a'+ C' —2AR —2Ae —2BC.
(e) The angles at the meson vertices are given by

2mx '(ii, ' —y.,' -mc ) + (mx'+ mc ' —m D ) (mx + ii s —isa }
[A(m ' m ' m ')]' '[A(m '

p,
' ii ')]' '

2mc (mx +iis2 iis )+(mx +mc —mn')(ps p, , —mc )
[A(m ' m ' m ')]"'[A(m ' ii ' ii '}]"'

2ma'(mx'+ ii,' —ii,') + (mx'+ mn' -mc'}(ii,' —ii,' -m, ')
[A(m ' m ' m ')]"'[A(m '

p,
' ii ')]"'

This vertex may be multiplied by factors of
A(mx', mc', mii') sufficient to give the proper thres-
hold behavior. The residue functions R,&(m') niay
depend on quark mass; it is possible that this de-
pendence is smooth except for threshold factors.
Otherwise all functional dependences are explicit
in Eq. (4).

Notice that all dependence of the vertex functions
on the helicities Mc and M~ is displayed. The par-
tial waves of a reaction such as the one in Fig. 1
can then be constructed by assembling an appro-
priate number of vertices (3) and propagators (2};

D~ ~C

li X

FIG. 3. Meson of mass mx is composed of quarks of
mass p5 and ps. Meson of mass mc is composed of
quarks of mass p5 and J(f,6.
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high-energy behavior is extracted from the sums
over the partial waves. If the residue parameters
and quark-mass parameters can be determined
from some other reaction, we then have an explicit
representation for the double-Regge exchange.
Even if the parameters are not known very well,
Eq. (4) provides a relatively economical descrip
tion of this vertex with only a few parameters to
be varied.

In the next section we use this model to study
meson decay widths, with an eye to extracting the
effective-mass parameters of the strange and non-
strange quarks.

III. APPLICATION TO MESON DECAYS

The model can be applied most easily to compli-
cated vertices if the quark mass parameters are
already known. These can be derived from simple
decays of vector and tensor mesons into two
pseudoscalar mesons, provided we are willing to
make some additional assumptions about the re-
sidue functions A,~, and about the factor multiply-
ing Eq. (4). These assumptions are the following:

(a) The only strong dependence of R„(m') on the
quark masses lies in threshold factors ([A(m', p, ',
p, ')]'~') m~, where I, is the . lowest orbital angu-
lar momentum state the qq pair can have in cou-
pling to the meson considered.

(b) Apart from the dependence on meson mass
contained in the threshold factors extracted in (a)
there is no mass dependence of R„(m') for mem-
bers of a given SU(3) multiplet. The ratios of
residues between members of a multiplet are then
determined by assumption of SU(3) invariance
(after this threshold factor has been removed).

(c) The entire vertex is determined by multiply-
ing Eq. (4) by the minimum power of [A(mc', ma',
mz')] '~' necessary to assure proper threshold be-
havior. This factor is (see Appendix 8)

([A ( mmc', a'm)]'~'ja,

where

(We may also have an overall numerical constant
multiplier; however, this will not affect the con-
siderations of this section. )

If we make these assumptions, the four common
tensor-meson decays into pseudoscalars K* Kw,
f'-KK, f-vw, and A, -KK are all determined
(up to an overall constant) by three parameters:
the ratio of R, /R„ for the tensor octet, and the
masses of the strange and nonstrange quarks. The
four decay rates then give us three ratios; we can

vary our three parameters in an attempt to fit the
decays.

%e have carried out this study under the assump-
tion that the mesons were "ideal" composites of
the appropriate quarks (i.e., that f ' contained only
strange quarks and that f and A2 contained no
strange quarks). This is a simplification, of
course, but we feel the main worth of the model
should not be dependent on small mixing angles.
Similarly, we did not perform a least-squares fit;
we just searched through sets of values for the
three parameters until we found a range which fit
the decays. Clearly a more thorough study could
be performed; our results at this stage are en-
couraging and we believe that they support such
further study.

The tensor-meson decay ratios could be fit with
nonstrange quarks with masses ranging from 179
MeV to 214 MeV. The acceptable range of the
other two parameters depended on the nonstrange
mass. If the nonstrange mass was low (-1'l9 MeV),
allowable values of the strange-quark mass ranged
from 557 MeV to 566 MeV, and allowable values
of the residue ratio R, /R„ranged from -0.94
to -0.90. At the larger nonstrange-quark masses
(-314 MeV), the strange-quark mass was within 1

MeV of 573.5 MeV and the range of R, /R„was
between -0.86 and -0.84.

It is encouraging that a set of three parameters
can be found which fits the three data points, given
the highly nonlinear dependence of our expressions
on some of these parameters. The fact that the
quark "masses" determined this way are similar to
those determined in various other models is
nothing less than astonishing. (We had hoped that
the squares of the effective masses would come
out negative, accounting for nonobservable quarks.
However, we were not able to find any solution with
p' negative. )

To see whether our solution was accidental, we
next examined the vector decays into two pseudo-
scalars p- vv, K*-Kv, and p -KK using this
same range of quark masses. The (K*-Kw)/
(p wv) ratio can be fitted within this same range
of masses for the strange and nonstrange quarks
if a residue ratio near -1 is used (values of the
ratio which fitted again vary with the particular
quark masses used, over a range of 0.1 or so to
each side of -1). However, these same values
gave widths for P -KK which were too small by
factors of 10 to 20.

Since we expect that R, /R„should probably
change slowly with mass along an (exchange-degen-
erate) Regge trajectory, we believe the fit to (K*
-Kw)/(p mv) for a ratio near -1 is in approximate
agreement with our fit of the tensor decays (where
this ratio was near -0.9). This is not conclusive,
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however, because we were also able to obtain fits
in the same mass range if very large positive val-
ues (6, 10, 12, or 16) were used for R, /R, +. In
no case could we obtain a simultaneous fit to the
two ratios of the three decays p-mm, K~-Km, and

Q —KK. All values of the parameters within this
"interesting" range gave small widths for Q-KK

Since the fundamental experimental peculiarity
about Q decay is the narrow width, we feel that a
model which underestimates this width is better
than one which overestimates it. It is also possible
that the Q decay rate may be much more sensitive
to our extra assumptions than the other rates be-
cause of the peculiar closeness of the Q mass to
the q, q, and KK thresholds. Tentatively, there-
fore, we conclude that our model (with the addi-
tional simplifying assumptions mentioned here) is
in substantial agreement with data on tensor and
vector decays into pseudoscalars. The effective-
mass parameters deduced from this data for the
strange and nonstrange quarks seem reasonable.
Further tests of the model in more complex situa-
tions are therefore warranted.

APPENDIX A: DERIVATION OF THE VERTEX FORMULA

The form of the decay vertex will be calculated
in the rest frame of particle J,m~'. However,
meson Jc,mc ' with particular quantum number s is
represented by a pole in certain well-known com-
binations of helicity amplitudes in its 0n}n rest
mme. Hence we need to be able to transform
particle helicities between the rest frames of J

Jc Jc and tJD& J and JD. This transforma-
tion is well known'; for spin-& quarks it consists
of the matrix dP,'„,(8), where

(E,/ p)(E,/ p) —co.shg

(p,/u)(p, /i )

for E„F-„ the energies of the quark in the two
frames considered, and cosh(, the parameter of
the Lorentz transformation between them. We will
therefore have three such d functions in our ver-
tex: one transforming quark 5 from the rest frame
of J to that of Jc, one transforming quark 6 from

FIG. 4. %e can equally well envision the top line in
Fig. 3 to be a creation of a qq pair from vacuum. This
labeling is used in the kinematics in Appendix A.

+mc mD
2 2 2

~c=
2mx

1
p = [A(mx', inc' ~n')1'~'

2mx

2 2 2mx +mD ~mc
2m 7

X

A(x, y, z) = x' —2x( y+x)+ (y -z)'.
We now use thedirection of the outgoing mesons in
the overall center-of-mass system to set up an
axis system for the quarks. Note that we have ar-
bitrarily chosen the final-state mesons to be in the
xz plane, but there is no reason for the internal
quarks to be confined to this plane. Hence

the rest frame of Jc to that of J» and one trans-
forming quark 8 from the rest frame of J to that
of JD.

To set up the kinematics, it is easiest to break
line 6 as shown in Fig. 4 with p, = -p, . The ener-
gies and magnitudes of the momenta of quarks 5
and 8 are determined by two-body kinematics for
a system of mass-squared m~2, and those of quarks
6 and 7 are determined by the known momenta of
C, D, 5, and 8 and momentum conservation at the
vertices:

Pc = (Ec,P sin8, 0,P cos8),

PD = (E~, -p sin8, 0, -p cos8)

with

mx +@5
2 2 2

p, = ' ',p, cos~ sin&+ p, sino. cosp cos8, p, sinn sinI3, p, cosa cos6) —p, sino. cosp sinH
PPSX

(A2}

with p, = (I/2mx) [A(mx', p, ', p, ')]'~'. Thus momentum conservation yields {in the overall c.m. system)

pNc —mD —p5 + p ~
2 2 2 2

pg pc p5 , {p —p, cosu) sin8 —p, sinu cosp cos8, -p, sinu sing,

(0 —p, cos ) oso p, si coops' S) .
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Note that with this construction P,'= p, ' if
2 2 2

6 —ps -mc +2ECEs
2PP.

This is compatible with p, = p~ —p„p,'= p,,' at the other vertex.
The quark-antiquark scattering distribution, in its own center-of-mass frame, has angular dependence

d ~, ~,~, „,( ) for a partial wave of angular momentum Jc. We can decompose this angle 8 between the in-
coming and outgoing quarks as 8 = 8, +8„where 8, is the angle between the incident quark and some arbi-
trarily definede axis. Then dzc z,~, z (8)=dzc z „(8,)d„cz z, (8,). Let this e axis for particle C be de-
fined by the direction C takes in the rest frame of J'. Then the decay amplitude d„~ ~ (8,) can be re-
moved, leaving us with an amplitude for production of amesonwithhelicity Mc proportional to d &. z „(8,).2"C
We therefore need to calculate the angle 8, for particles C and D, the angle between the incoming quarks
and the direction of the outgoing meson, in the meson rest frame.

To calculate this angle, we must transform the momentum of quark 5 to the C rest frame. This gives
p, cosa-p, cosa cosh$c — E, si nh) c(cosh$c = Ec/mc, sinh$c = pc/mc), so

P, cosa cosh)c —E, sinh)ccos8C—
5

with

p, = [A(m, ',m, ', m, ')]'~'.

A little algebra yields

(m, '+ mc'- mc'}(p.' —p,' —mc') +2mc'(mx'+ i .' —i 8'}
c [A(m ' m ' m ')]"'[A(m '

p,
' p ')]"'

(mr'+ mc' —mc')(p, ' —p,' —mc') + 2mc'(mx'+~, ' —p, ,')
[A(m ' m ' m ')]' '[A(m '

p,
' p ')]' '

The transformation angles for the spins of the quarks are

(A5)

and

mc + p. p,
2 2 2

cosf5=

mcus

2 2 2

cosg, = mg +$8
2mgp8

m +
cosh(c

2m»p 5

m2+ 2 2
—cosh) g2mxp8

[A(mc', Iu, , p, ,')]'~'
2mc p'5

[A(m 2 ~ 2 ~ 2)]l/2

2p, m~

[A(mr, p, ', p, )]'~'
2m» p5

[A(m ' g ' g ')]'~'
(A6}

m +JLt, IL(, mz +p, -p, mc +mz -mx' A mc, p, , p. , ' A(mz, p, , p,cosg =
2 p, emc map 2mcm 2mc p6 2Ptl Dp6

We now have all the ingredients to assemble the amplitude. First, consider the vertex at particle J. To
get from the z axis to P, in this rest frame, we must first rotate through e about the y axis, then rotate
through +p about the z axis, and finally rotate through B about the y axis. The quark state thus rotated is

e &ez~e 'S~~e '"I'l65)

so its overlap with our initial meson state of angular momentum J and helicity M is

(J56Ie' ~e" *e' IJM) =Q d, , 8(a)e" 'd„, (8).

The quark pair 6, 7 is created without contact with any gluons, so the helicities of 6 and 7 must be the same
in the J,m»' system. We thus have a factor which expresses the change of helicity under transformation to
the rest frame of C or D:

d',(l(Ogden(0. )dl'l(c, )dl'l(0d I.i(h.=.= d l'l(05)de&i A)de'l4 8) ~

Finally, within the rest frame of C (or D) we must calculate the overlap of our quark state
e '8~'e 'ec~~I5'6') with the meson wave function IJcMc). We therefore obtain the vertex factors

e- seed (8 ) ~d e 'Heed, , (8 )c 8 -7'Ng D
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Our expression for the vertex thus takes the form (inserting the residues R&& of the meson helicity ™
plitudes at the poles)

gt 6I 7I Sl

x u-«cd, ,c,, » (8c)Re.., (~n )«ss nd, ,u, ,„(8g .

The p integral is trivial; we find e = Mc -M& so that the vertex becomes

Z d»«, -»,(8)d «, -»,5-s(~)Rss(eesx')de'5(48de&7 4(e (j(7-)
Seva

5' e' 7' 8'

x ds&s((j(e)Rs e (esse')d s~ s«-(8c)Rs e (scene)d s us «(8d ~ (~7)

The sums over quark helic ities can now be per-
formed for any particular mesons of interest. One
should bear in mind the relations Bp gpss

/JR Q g QQ

for quark-antiquark residues, where g is the natur-
ality of the meson, P = tt( 1)I ~ -The other simpli-

ficationn

of importance is the fact that unnatural
parity trajectories of natural charge conjugation
(like the v, 8, etc.) couple only to R„and not to
R, , whereas those of unnatural charge conjuga-
tion (like the A„ if it exists) couple only to R,

APPENDIX 8: SOME PROPERTIES OF THE VERTEX

J. Isundamentub: AHtp u~d thmshold bthuvhr

Our expression should exhibit all the helic ity de-
pendence of the vertex. Vfe note that the actual
vertex coupling [after removing d „„„(8)]obeys

't/ "c"a ~~c~n~ -~c -~~

as required by parity invariance. Because of our
somewhat cavalier treatment of the triangle inte-
gral, we allow this expression to be multiplied by
any nonsingular function of the masses mze, uses

and m~'; this is in fact necessary in order to ob-

tain the correct threshold behavior at the meson
threshold.

The overall vertex should vanish like {[&(~«',
mce, mne)]'~'P((((e at A = 0, where L.,„ is the lowest
allowed orbital angular momentum state between
the outgoing mesons. In general, if qqcq& = + 1,

L"'= tm{nl f-(~ -c~ lnl T (-c&- ~ l,uI& -u~- &cl),

whereas if 'g'gc 'g g)
= i 8

L"'"= min{I(f - ~c

'(fully

l~c ~ ~ul i I~u ~ ~c I)

Since each of the displayed angles cosa, cos8„and
cos8, behaves like 1/vX, Eq. (4) itself will behave
like (1/&)I'Ic'~u unless there is some cancella-

4-
tion between terms which might possibly yield a be-
havior like (1/W)I'Ic'Iu '. We therefore multiply
the expression [FAl. (4)] by (H), where

(KI = ~ + ~c + ~n

+ min{I~ ~c ~ul I Jc J' ~ul l~n ~ ~c I}

Using the relation Bq,&,
= qB &, z,, we find that

the te rm s in our expre ssion wiQ look like

[d», «,s s(cs)dl'l-(0e)-de&i ((I()ds e4's)d s'-e «, (8c)d e '-e «,( n)

n~c~ud«c»u s+e(c()d e' 5((j'e)d'-e 7 ((I()d s e(Ij(e)d e +s «c(8c)d s+e «u( DH

ol'

dea, s((t(e)de~7'((J()ds' ((i(e)[d» -» s-s(a)d s'- '» (8c)de'-7'«(8u)

+ i ic&nd -»c+«ns-s((r)d s'-s'-»c(8c)d s 7» (8u)1 '
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As cosa~~~

d'„„,(8)- (-1)"d'„„.(8),

'(8) (-1) " - '(8) .
Hence as A-O, the term like (1/WA)

' &' & is
multiplied by (1+ tigcti D), and the contributions for
ttt)cti~ = -1 are less singular, by one power of v A.
Hence we need multiply by only one power of A for
any choice of J, J~, and JD and all the possible
parity combinations wij.l automatically be taken
care of. Notice that in fact (vA) is a power of A,
not u%. The various choices of I. here . corres-
pond to the different contributions to the triple-
Hegge vertex. '

The vertex thus has all desired kinematic prop-
erties.

2. Regge couplings in two-body phenomenology

Because the vertex has all proper parity prop-
erties, various selection rules due only to parity
conservation are automatically fulfilled. For ex-
ample, consider the production of particle J~ off
a pion (Zc =0) in the t-channel center-of-mass
frame. From (81) we easily see that the MD=0
amplitude will be populated only when qq~ga=+ 1.

This leads us to consider the common situation
of production of an ted =+particle (such as f or p)
from an incident m via exchange of an off-shell m.

We then find that (Bl) reduces to

R„(f)It„( m')It, , (m~')

xd++(45)d+ '(0)d '+(48)d ~( )

x[d '-' (8 )+( 1) d ' '- (8 )] ~

Once the two specific couplings A„and 9, for
the external particle have been supplied, this pro- ~

vides a model for the relative amount of helicities
greater than 0 found away from the t = m, ' poles
[note particularly that the unknown function A„(t)
cancels out when taking the ratios of different he-
licity couplings]. The higher the spin of the pro-
duced particle, the more useful this parametriza-
tion becomes in calculating density-matrix ele-
ments.

3. The case when all quark masses are sero

If the quark masses are zero, the quark helici-
ties do not rotate in going from one frame to an-
other. Our general formula then simplifies con-
siderably to

g„(m, ')If „(m,')It„(m,')

&& [d ~, „,,(n)d, '.s, (8c)d .-'6u, (8a)

+ Wc /Dd -Nc+Af~s 8(+)d 5-6 Nc ( C-) 8 6 ND( D)]

Unfortunately it is fairly easy to demonstrate that
this is in conflict with the data. The decay 8 - +m

is well known to produce predominantly trans-
versely polarized cu's. ' In the zero-quark-mass
approximation, the ratio of longitudinal to trans-
verse e's is (using the constraints 5= 8, 5= 6 re-
quired to obtain the proper quantum numbers of the
8 and the w)

Long d,',(n)d,',(8s) 2 cosa cos8e
Trans d,', (a)d,', (8D) sinn sin8~

2(ms' —m, ' —m„')(ms' —m '+ m, ')
24 PB fr Nl~ 2g m r~B

(ms' —m ')' —m, '
2m ff Pl~fPlg

a serious conflict with the data.
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