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The authors have reported earlier that the spectrum of the psion family suggests a treatment based on an O(4)
harmonic-oscillator family with O(4) quantum number M = 0 (equally spaced, mass-squared linear Regge
trajectories). This results in the new Pc quantum numbers: 0++ for 2.8 GeV/c ', 2++, 1 +, 0++ for the 3.4-

GeV/c' mass region. All radiative decays are related through a single O(4) coupling S„„F„„,where Sv„ is the

internal-space angular-momentum operator. In this article the details of the calculations of radiative transition

widths and of the yy angular correlation functions are given. Experimental signatures are discussed and

compared with the nonrelativistic charmonium scheme; among other's J—
& O(2.8) + y and Q'~ O(2.8) + y are

small, being forbidden in the strict O(4) limit. O(2.8) is expected to be narrow like all other psions below the

4.0-GeV/c' region. }t,(3.41) and g, (3.49) total widths are expected to be around 630 keV and 185 keV,

respectively. The missing decays of Q' could be due to Q' —& 0+ co (-32%).

I. INTRODUCTION

In our earlier communication' we reported on a
new J assignment for members of the psion
family' ' based on an O(4) oscillator family with
O(4) quantum number M =0 (equally spaced, mass-
squared linear Regge trajectories). '-' This re-
sults in the new J quantum numbers: 0++ for
2.8 GeV/c' 2++, 1 +, 0++ for the 3.4-GeV/c-'
mass region, etc. This is to be contrasted with
the nonrelativistic charmonium scheme" "where
it is 0 ' for 2.8 GeV/c' and 2'+, 1'+, 0++ for the
3.4-GeV/c' region. In the brief note we merely
presented the results of an O(4) calculation of the
radiative transitions and found a reasonable fit to
available data. We call this scheme relativistic
char monium. "

As mentioned earlier, the principal motivation
for studying the psions in terms of equally spaced
linear Regge trajectories is that it gives a good
fit (&M'/M'&8%) to the psion mass that have been
observed to date. The mass formula, in (GeV/c')'
units,

M' =2n+(2 75)'

works remarkably well if the J(3.1) and g'(3.7)
states are assigned to rs =1, 3 respectively, for
the rest of the known psions then all fall into place
to within 8%%uc or so accuracy.

Equation (1.1) is suggestive of the levels of an
O(4} harmonic oscillator. " '4 For each nth level,
the spin content of the states will then be given by

J =n, n —1, . . . , 0, each spin occurring once.
The advantage of this assignment to an infinite

family of O(4) oscillator states is that radiative
transitions among the psion family are all related
through their O(4) transition matrix elements.
This comes about through a single radiative cou-
pling S„,E„„,where 8„,is the internal-space an-
gular-momentum operator. Since the psions are
neutral there are no charge couplings and this cou-
pling, at a phenomenological level, is the natural
analog of the Pauli-type electromagnetic coupling
for the neutron.

We have carried out detailed calculations of the
width for psion psion+y transitions and, using
certain hadronic modes as part of input, have
found a good general agreement with data known
to date.

The general features of our experimental fit
which emerge are the following: J-O(2.8)+y
and ('-O(2.8)+y are small, in fact, in limit of
strict O(4), they are forbidden. O(2.8) psion is
expected to be narrow like all other psions below
4.0 region, with typical, allowed, channels yy,
pp, ww, KK, pKK, etc (In con.trast, tl, is expected
to be a few MeV in width. ) The X, and X, psions
are expected to be around 630 and 185 keV in
total width, respectively, with predominant de-
cay modes 0+2tt (- '7'I%%uo) in y, case and 4+y (-80%%uo)

in }i, case. The missing decays of g' could be ex-
plained by the new channel 0+(d which could be as
large as 32%%uo in branching ratio. These and other
details are summarized in Tables I and II as well
as Sec. V.
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II. REVIEW

Having assigned the psions to an O(4) family we
must write down the phenomenological fields as-
sociated with the individual O(4) states and invent
an interaction responsible for the transitions from
one O(4) state to another. The phenomenological
fields for these O(4) states have already been writ-
ten down earlier. ' We recall here the rationale
for that construction and list for later reference
the relevant fields that we shall need for our
present purposes.

Consider a family of particles, degenerate in
mass, with spin content J =n, n —1, . . . , 0. Con-
struct the annihilation operators a&, . . .„(p),

such that"

[a„.. . „(p),a,*,.. .,„(p')]

Po r~ &bA (2.1)=—5( P —P J p& ~ . ~ p&, V~ ~ ~ ~ Ijg

where &„...„.. .„... are momentum-indepen-
dent matrices satisfying the properties

(i) 4„...„,.. ., totally symmetric in
p, , ~ ~ ~ p. „, and separately in v, ~ ~ ~ v„.

(ii) 6„,„,&„,. . .„„„...„„=0.
(iii) (Normalization) &» „...„——(n+ I)'.

In other words, 4 are the "spin matrices" of the
well-known O(4) propagators. It is helpful to list
a few examples for reference purposes:

+pv ~pv ~

1 1+/ p, aT
= 2(6 Pa8ll7+ 6vg6 py) 4~ pp ~ or I

t v~, a.p
=

6 (~ pa~ur &xp+ ~ pr ~ua6xp+ ~ pa6vp~x. + ~ pr ~vp~xa+ ~ pp~va~xr+ ~
pp "v.&ra

—i's(~p. &o. ~~,+6p. 6. ~~.+6p. ~r ~~. +& ~~..~. +~pa~ p~.r+~p~~. ~.o

(2.2)

(2.3)

(2.4)

Equation (2.1) thus exhibits the O(4) nature of the family of particles all with mass M appropriate to the
nth level. Equation (2.1) has no problem with ghosts. However, the Lorentz transformation properties
must be satisfied, and as has been shown the a„...„are pseudotensors under Lorentz transformation,
VlZ.

U(A)a„. .. „(p)U~(A) =(R ')„, ~ (R ')„,a, . . .„(p'),
where

R„.= [& '(AP) AI-( p))p.

is the 4&4 matrix representation of the Wigner rotation.
With the auxiliary operators

(2.5)

(2.6)

(2.7)&
p ~ .. p (P) = [I(P)]p ." [L(P)]p, a. ..(P),

where L(p) are the Lorentz boost matrices, phenomenolegieal fields for these O(4) family states may be
easily constructed.

For our purposes it is sufficient to exhibit the covariaet spin decomposition for some of the fields so
constructed:

n =0, Z'(x) -=O(x), (2.8)

T„, (x) -=g„(x)+—8„((x), (2.9)

&,.(x)-=X„.(x)+
2 [8„X.(x)+8.X&(x)]+

&
2(8„8.--'6„.8')X(x),

1 2
(2.10)

1
~8Af ( P4vx + v i Itx +8xkgv)

8-2
+

5 M2 8/v 4+8pexk'+8. 8xfp 6(~i u4+ —~p~4'+ ~.z4I )

~2 8'
8 8 8~ ——(i5~~ gB+5pg8~+ 6~F8~) g (x) ~

p ij X 6 pv (2.11)



THE PSION FAMILY: RE LATIVIS TIC CHARMONIUM i34't

TABLE I. Radiative and total widths (Underlined quantities are based on S»J» coupling
and 4 selection rules).

Mode Width
Branching
ratio (%) Remarks

g'(3684) —X, +y

x~+v

Xp+7

~0
X,(3530) —J(3.1) +y

—~p(3.1) + y

Xg(3490) -J(3.1)+7
—Jp(3.1)+7

Xp(3410) 4{3.1) + y

—Jp(3.1) + V

Xp(3094) -o+7
xp+y

2.3 keV

8.4 keV

26.6 keV

Forbidden

68.1 keV

33.6 keV

147.3 keV

28 keV

79.9 keV

Forbidden

Forbidden

Forbidden

1%

3.7%

11.8% '

80%

12.7%

Input: B g(Xf) 3 X10yZ

&(X~ -V~) =0.8
I „,(g') = 225 keU

Hence, K = 9.63

Branching ratio used as input above

Hence, I; & (X~) =184 keV

Input: &yp(xp) & 5 &10

Hence, F «(Xp) - 629 keV

Parity selection rule

Reference 16.
Reference 5
Reference 17, and see text.

In writing down this decomposition the tensor
fields on the right are pure spin fields, i.e., X „,
is a J =2 field and, thus, satisfies symmetric and
traceless (5„,li„,=0) conditions as well as S„y„„
=0, similarly for the other fields. Also, for each
nth-rank tensor field the mass M appearing in the
decomposition is that appropriate to the nth level.

With these fields in hand, we can now go about
the task of finding a coupling between two such
psion states with, say, the electromagnetic field.
Since the psions are neutral, no simple J„A&
charge coupling is possible, therefore, some
Pauli-type "magnetic moment" coupling should
be tried. In terms of the phenomenological fields,
we need to specify in

g*
Vy ~ ~ ~ Vn & V ~ ~ ~ V I P ~ ~ ~ P g'P P ~ ~ p g'p

(3.13)

the general form of the coupling matrix. Such a
form can be found by appealing to an analogy with
the nonrelativistic physics.

where

X(x "x }=-x "x ——[5 x x
t'X ~2 Pn

+ ~ ~ ~

+ permutations]

(3 3)

J d'Xp~q .. . q (X)(jb„,... , , (X)

(3.4)
1 n'1 n

In this space, the internal spin operator S„,is
given by (5„-=8„-s„)

a 8
S~V = —i X~ -XV

V

(3.5)

is symmetric and traceless under contraction
with 5„„andN„ is given by

(3.3)

The normalization factor has been chosen such
that

III. 0(4)

(3.1)

Suppose we work in an internal (Euclidean)
space with coordinate X,X4 real. In this space
let us denote the 0(4) wave functions by

Qq . .. q (X)=N„(xp . Xq }e

We are now in a position to make the ansatz, in
connection with the psion radiative transition cou-
pling referred to earlier. We assume

P ~ ~~ P 'V ~ ~~ V OTC
1 n ' n' '

dX~ ~~ ... ~S ~ ... v . 36
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TABLE II. Hadronic decay modes and widths (Underlined quantities are based on 4+~ selec-
tion rules).

Mode

y'(36S4) —Z(3.1)

0+m

Jp(3.1) + 2m

y, (3530) -0+2'

g)(3490) 0+ 2x

2z, KK,

7rKK, pKK

Width

1P8 keV'

72 keV

Forbidden

4.75 eV

&(20+10) keV

-2.9 keV

Forbidden

Branching
ratio (%) Remarks

48% Hence, f /47r = ] .95 && 1 p

Assumed fp =f

See remark under yp

(20 + 10)% &4 a = 0 20+ 0 10%

See remark under gp

1 + selection rule

Xp(3410) -0+ 2

~4g%

6&"

—~+~-K+K-

+ K+K

Jp(3094) 3r

~5z, 7z

KK

KKx

KK2z

KZp

O(2800) -yy, pP, 2z

47r, KK, pKK

7rKK

-5 keV

-484 keV

-10 keV

5.3 keV

-3 7 keV

-6.9 keV

Forbidden

Allowed

SU& forbidden

Forbidden

Allowed

Allowed

Allowed

Forbidden

-2.7%

-77%

1.2%

-0.85%

0.6%

1 .1%

&4,~(X~)-0 &~ '
Since I', ,„,(pp) = 629 keV

Choose f&
/4r - 2.5 &&1p-'

84&+ (&p) = (0.14 + 0.07)%"
&(~)-01%b '

&-(0.13+0.05)% "
0 selection rule

0+ selection rule

Reference 16.
b Reference 4.

In Eq. (2.12), q„ is the momentum four-vector
for the photon (q, = i

~ q~). Because q' =0, the cou-
pling C „... ., . .. . , is a local one, in spite of the
apparent nonlocal nature of the O(4) integral. Fur-
thermore, the coupling matrix C „.. . ., . . . . , is
actually Lorentz covariant, as will be evident by
explicit integration.

Before proceeding with an evaluation of the in-
dividual radiative transition matrix elements
based on this general ansatz, it is worthwhile
summarizing the properties of the O(4) represen-
tation we are using here.

The O(4) wave functions we use here have been
chosen to be eigenfunctions of

, +, , --,'(x, -x, )' — '
y(x„x,) = 0

(3.8)

would lead to a separable equation, in terms of

X, +X2
2

X—:X, -X2,
(3.9)

2-8X'
~ . .. p

X= — + „... ~ X

(3.7)
In a simple-minded picture of two constituents
bound by an oscillator, an equation like
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viz. ,

(
—M') (g((')=0, (3.10)

~

~

~

(2.75)' —4
+ 2, ——,

' X' — '
P„(X)= 0 .

(3.11)

IV. RADIATIVE- DECAY %WIDTHS

A. Psion radiative transitions into 0(2.8)

The S&, operator annihilates the ground state
O(2.8). Therefore, in Eq. (3.6), the coupling
matrix vanishes in the limit q =0. The general
result for the transitions n = 1 - n = 0 and n = 3

With the single 8„,E„,coupling, all the radiative-
decay amplitudes for the psion family follow from
Eq. (2.12) and (3.6). In this section we give the
explicit forms of the coupling matrix for the psion
transitions of interest. Since the coupling ma-
trices are to be contracted with the phenomeno-
logical fields T„,.. . use of symmetry and trace-
lessness simplifies considerably their form. It
is this simplified, equivalent, form which we list
below.

- n = 0 are (in GeV units)

J» Py

C .„.« = ~ ex &2q, 5,» (4.1)

B. n ~n' Radiative transition

The first two nonvanishing amplitudes involve
the n =2 level and the couplings for these transi-
tions simplify to

n=2 to n=l, X-J+y,
Co..pI .~T

——2eK q II 5'.~5

n =3 to n =2, g'-X+y,
C e. yves. « = 2 ~6 e~(qv 5 ((r 5(o5&(k + qsqv q k5nr 5 a(() '

(4.4)

Therefore, by our ansatz, the phenomenological
coupling for the radiative decays of the n =3 and
m=2 psions are

Oy,

C. ,~.„='-,'egv3 (q, 5, 5,~ —2q,q, q„5„„), (4.2)

where =' denotes equivalence as spelled out above.
Since &, E„(x)=0, the amplitudes for all single-
photon radiative transitions to the O(2.8) vanish.

(4.5)2e~[T, (x) &„T„„(x)+&„T,(x) T„,(x)]E„(x)+H.c. ,

2&6ex[T 8(x) S, T,„e(x)+S,T 8(x) T,„s(x) —T+8(x) SP, B„T„~(x)—S8 T+~(x) &, 9& T,„~(x)
—2S„T,q(x) SB&„T,„~(x)—&, S„T+q(x)&ST„~(x)—2S BS„T+q(x)&~ T„~(x)—&„S~&8T+g(x) T„~(x)]E„(x)
+ H.c. . (4.6)

The matrix elements for the transitions of interest can be written down using the spin decomposition as
outlined in Sec. II.

For the sake of completeness, we list individual matrix elements so determined. (In the following, P„,
M denote momentum and mass of initial psion, p &, m denote those of final psion. )

*'Il' ' *P"P"C'y "*)2i
(4."l)

2 '/'i
9&*(q'-y,y)=e —(( —(e~ e'*P ~ "eD+ ~we"q e'*E)

15 m (4.8)

4 i3m*(g'-y y) =ex - —.e~ e'*E
AS m' (4.8)

where (all momenta and masses are measured in
GeV units)

6(P q)'C= —6 (4.12)

A. = —1 —12 +18 M' (4.10) D = -4P .q —12 (P q)'
(4.13)

6(P q)'
M M (4.11) E =11P +18 +18 (4.14)
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5(p )
6(& 'q)

6 (P 'q)
(4.15)

(4.17)
i P ~ qK*(X -Jr)=4e~ —(c c&P q-e qP c&)

and

(4'.18)

P'q * y
P'&~ *8K"(y, -Z,y) = 2ie~( e+8 q„et — a+8 q„q~),

(4.19)

P oq
K*(x,-Joy) =&2 i.ea(2'p ~ c& e "*~ q —&& ~ &~*p ~ q)

K*(x,-J,y) = 0 .
(4.20)

(4.21)

In addition to the rates that have been calculated
using these matrix elements, we have also calcu-
lated the angular correlation function W(8), where
8 is the angle between the two photons in the g'
rest frame. These are listed in Table III.

V. COMPARISON WITH DATA

%e identify the P, resonance 3.507 + 0.007 GeV
which has been studied at DORIS' with the
X(3.50+ 0.01) reported by SPEAR'" and assign
it as the X, of our model. Our prediction, there-
fore, for the J of the 3.5 psion is 1 '. We iden-
tify the P,'(3.407+ 0.008) seen in the yJ mode at
DORIS' with the X(3.41 + 0.01) seen at SPEAR"'
and since X(3.41) has been seen to decay into 2w

we assign it to X, of our model, predicting it to be0". Finally, we assign X(3.53+0.02)4 " to X, of
our model, predicting it to be 2". The rest of

TABLE III. yp correlation functions in P' decay.

Similarly, we have, using the same convention
for notation,

K+(X J p) = 28K'(E ' q E'
8 q E'[ —E f ~ 6+&q q~)

(4.16)

P eq
K*(X, Jy) =J2 equi (2e e&e"* q —e& e"*e q),

the psion assignments can be seen in Fig. 1.
For our comparison with experiment we have

chosen as input the values:

a' = 9.63, B(X, Jy) = 80/o . (5 1)

A. r... (X)

From the input, I' „,(x,) is obviously determined
to be 184 keV. The branching ratio for X,-J +y
is obtained from the number'

r(&'-xor) r(x.-J+r)
r(y' all) r(X all)

(5.3)

since the B(P'-X,y) has already been fixed in our
model. We find B(X,-J+y) =12.7%. From our
knowledge of the width for y, -J + y we find finally
the total width for y, to be large, -629 keV.

These have been chosen so that (i) the over-all
branching ratio

B,( )= r(0'"x l') r(x "J+~)
1 (g' - all) I'(X, all)

(5.2)

agrees with the observed' ratio (4+2)x10-' and
(ii) the single monoenergetic radiative decays of
g' are compatible with the Hofstadter limits. "
For the decay O'-X, +y, our branching ratio of
3.7%%up is very easily within the Hofstadter limit.
For the decay g'-Xo+y, our branching ratio
(11.8/0) is outside the quoted limit (6 7%). How-
ever, this limit is contingent upon an assumed
mode of decay of g, into either 2m'2n 2m' or
3m'3w 2z', so that the source of y-ray background
is known. In this model, it will turn out that y,
has a relatively large width into 0+ m'm . The de-
cays of 0 into 4n' could be a prolific source of y
rays which help swamp the signal and thus weaken
the limit.

Having thus chosen a value for ~' and an input
for the branching ratio (X, -Jy), we can confront
the rest of the predictions of S„,E„,coupling with
experiment. " These are summarized in Table I,
but a brief discussion of the procedure used would
be helpful.

4'-vx2- vy J(3.&)

&xg x' J(3 &)-exp —vv ~(3.&)

-~Xp —
&y ap (3.1)

-ix) —yy ~p (3.1)

-vxo- &v ~, (3.1)

1 —0.45cos 6)+0.06cos 6)

1 —0.42 cos ~0

1 —0.06 cos20 —0.26 cos40

1+0.45cos 0

Forbidden

M ~(sP 0' —~.0I,)(~„J.—~.J„), (5.4)

B. Hadronic decay widths

To more completely compare our model with
the data, we need some input with regard to had-
ronic decays. Our approach here is phenomeno-
logical. For g' decay modes, we learn from the
gauge-invariant hadronic coupling g' Je [M =M(g')]"
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(3

J(1 ) X(1 )

o o(o )

(2 75)

J(o )

(3 1) (3 4)

(o

(3.7) (3.9~)' (4.19)

(Mass) (QeV )

FIG. 1. Psion family described by 0(4) Regge trajectories linear in M with slope 0.50p and J mass 3.{)94Geg/g .

and from the data I'(g'-Znw) =108 keV. This cou-
pling implies

find from Eq. (5.5) that

f'/4m = 1.95x 10-', (5.9)
1 (+A-+»'

I'(A -Bw'w ) = — dq'I'„„s,(q')
4p

M, r, „+, (q')
(q'-M, ')'+ M'I" ' '

(5.5)

where q' is the off-shell e mass squared and p, is
the pion mass. With A. = g', B= J,

(5.6)

which is a small number in comparison with
ordinary hadronic couplings. Notice that this
gauge-invariant (Ve coupling forbids g' decay
into J,+ 2m.

We now use the magnitude of this coupling con-
stant as a basis to estimate the decay ('-
O(2.8) + + from the gauge-invariant coupling

(5.10)

It gives
where 6' is the magnitude of the final three-mo-
mentum in the g' rest frame. For the e decay,
we use the coupling

2

I'(j ' - O + (u) = —', (2(P' + 3m ') . (5.11)

g~~~M~cm ' 7t,

so that

2 2 Z/2
&e 7|7I-(q )=

(5.7)

(5.8)

If f, is taken arbitrarily to be the same as f in
the P'Je coupling, then we obtain

I'(g'-O~) = 72 keV

or

+, . For I', =0.6 GeV and M, =O.~

GeV, we find g,„,' j4w = 2.5, and this leads us to

B(g' - O&u) = 32%,

which could explain the "missing" decays of P'.
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We return next to the large width we obtained
for y, . We conjecture that this large width -629
keV is principally due to the decay g, -0+ 2m. To
make an estimate about the decay, we use the cou-
pling

the tracelessness condition (J ~ R=O) since

[R', T R]=0=[J',T R]. (6.2)

For the n =2 family this mass-splitting operator
leads to the observed spacing rules

~(T„,8„8,4)e, (5.12)
m (X ) —m (y~) = p [m (X~) —m ()to)] . (6.3)

which has the (desirable) property of suppressing
the X, and y, decays relative to y, . Using the spin-
decomposition Eq (2..10), we find the partial
widths

I I 2'I fx
Xp ~ops & 4~ $5~ 4

X

fx' 6" &0ix -o(q) 4
1+

1 7l X

2

(5.13)

(5.14)

2
)( ~2 5y 10-3

4m
(5.16)

so that I'()(, -0+2m) -484 keV. This coupling con-
stant is also the order of magnitude of the (Ve
coupling constant.

With these hadronic decays as auxiliary input,
the structure of our Tables I and II is clear. To
indicate the size of the other hadronic decays of
the g's in our scheme, we have listed in Table II
specific channels observed at SPEAR."

VI. COMMENTARY

A. Mass splittings in an O(4) multiplet

In strict O(4) symmetry, all the members of a
given eth multiplet are degenerate in mass. They
belong to the M —=J;„=0representation of Q(4).
In group-theoretical language, they belong to the
set of states for which J ~ R = 0, J, R being the
two commuting SU(2) generators of O(4).

In order that, under mass breaking, no new
(J R «0) states appear, it is clear that we should
require that M' operator commute with J ~ R. An
example of a mass-breaking operator which lifts
the parent-daughter degeneracy for given n is

&M' =c„(R'+2)J', (6.1)

where we have identified J as the total angular
momentum of the state. This operator preserves

(5.15)

where 6' is the magnitude of the final three-mo-
mentum and p, is the energy of O(2.8) in )t rest
frame. In order that I' ...(y,)-629 keV, based
upon the observed branching ratio B&z(X,) and the

S„„E»coupling, we can choose

In principle, if we had a deeper commitment to
the basic qq picture for the psions, the mass split-
tings will result from quark spin-orbit couplings,
etc. But at the semiphenomenological level here,
we merely take the mass splittings to be fine-
structure effects summarized by ~M' operators
of the type of Eq. (6.1).

B. Psion P 0(2.8)+ y selection rule

In strict O(4) symmetry, the coupling S&,E&,
forbids all psion radiative transitions into O(2.8).
The question might be raised as to how good a
selection rule it is, when O(4) is broken. If mass
breaking is due entirely to an operator such as
Eq. (6.1), the individual Q(4) states remain pure
under mass splitting and the selection rule is rig-
orously valid.

Since the decay of J(3.1) y+0 yyy has been
observed with an over-all branching ratio of
-10 4, it is clear that the selection rule cannot
be rigorously valid, some configuration mixing
must be present. A crude estimate for the amount
of configuration mixing may be obtained as follows:
Let 5 be the (small) amount of n= 2, J=0 state
present in 0, the ground state. Then'

J~ 0~ ~~~=5'B(O 2~) -10 '.J-all
If we assume 0 branching ratio to be say, of or-
der of tens of percent, then 5, the mixing, is of
order of a few percent. ln other words, for our
scheme, we require 0 to be a narrow psion, un-
like the q, width of order of MeV.

VII. EXPERIMENTAL SIGNATURES

In this section we summarize the prominent ex-
perimental signatures that are unique to our new
assignment for the psions.

(I) I ' Selection rules for )t, vs I"assignment.
1 ' assignment forbids its decay into mKK, pKK
while 1"allows for it. Preliminary data from
SPEAR on vvEK channel indicates an absence of

X, signal in that channel. Qf course 1 ', as well
as 1", both forbid decays into 2n, EE.

(2) 0"Assignment for $(2.8) vs 0 ' assignment.
The 2.8 psion, 0, like other psions below the
4.0 region, is expected to be narrow in width.
Lacking a fundamental psion-hadronic coupling
scheme, we can make no definitive statements
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about the relative branching ratios of 0. We as-
sume the 2y decay mode of 0 to be one of the
prominent decay modes perhaps of the order of
tens of percent. The 0" assignment allows for
m'm, K'K decays while 0 ' would, of course,
forbid it.

Another distinguishing signature is the md/ de-
cay channel. 0" assignment forbids its decay
into nKK, while 0 + assignment allows it.

(3) y, (&.41)-o+2m. We have conjectured that
the large width for X, could be due to the hadronic
decay into 0+ 2m, around V't%. Since 0 has been
seen to decay into pP with branching ratio com-
parable to 0- yy, we expect a prominent signa-
ture for

X0 PP 7l 77

with PP peaking at 2.8 GeV/c'. The branching
ratio is given by

B(y, -PPw+v ) =0.51B(O-PP) .
Similarly, we expect on the basis of simple iso-

spin consideration the relation for the branching
ratio

B(y, -Om'n - m'v m'v ) =0.34B(O-m'm ).
The fact that the 4m' decay of y, is seen only at
-1.2% branching ratio, therefore, implies that,
in our model, B(O- m'v ) is at the percent level.

VIII. CONCLUSION

Throughout this paper we have studiously
avoided the fundamental question of what the con-
stituents, if any, of the psions really are. This
question will, apart from the obvious philosophi-
cal implications, bear on the mass-splitting op-
erator for the psions, the configuration mixing
for the physical psion states, and the strength of
the violation of the selection rules due to S„,E„„.
It is fortunate for us that these mixings and split-
tings are fine-structure effects and, therefore, at
the phenomenological level not so important for
this first go-around. But having demonstrated the
viability of this scheme of classification of psions,

we must face up to this question.
Previous attempts at identification of psions

with linear Regge trajectories have involved the
so-called "ring" states" in the dual-resonance
model, "quarkless states that have Regge slopes
exactly equal to &. Because of their identification
with the Pomeron, the spectrum of ring states ex-
tends all the way from zero to the observed psion
mass range. Furthermore, only even Regge tra-
jectories were involved. Perhaps the ring states
should not be identified with the Pomeron, in
which case they could be anchored at 2.8 (GeV/c'). "
An open question in this approach is the explana-
tion for an apparent threshold effect in 8 around
the 4.0-GeV region.

An alternative interpretation more akin to the
spirit of the nonrelativistic charmonium picture
is to insist on an O(4) quark dynamics, and let
the psions be O(4) qq bound states. Obviously,
these would have to be fully relativistic bound
states. If we take the naive version of a zero-
spin "constituent" model, then the physical inter-
pretation for z is g/m, where g is the Lande g
factor. If g = 2, the fitted value for x would imply
a mass for the "quark" to be around 840 MeV/c'.
It is an open question as to what the mass for a
spin--, quark in an O(4) scheme would have to be
for this fit to linear trajectories to work.

Be that as it may, the really crucial issue at
hand, it seems to us, is how well do further ex-
perimental data support our ideas. To this end,
the determination of the parity of 0 psion at 2.8
GeV/c', and of the X, psion at 3.49 GeV/c' would
clearly be of the utmost importance.
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