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- NOTICE-
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 

I. Introduction 

The recently discovered narrow resonances I)J and î ' 
have led theorists to propose a variety of models to account 
for these new particles. One such model, a relatively more 
conventional one, is the ftf! model which proposes that <l> 
and <ii' are a bound state and resonance, respectively, of the 
ftft system. With a binding energy of 240 MeV, the size of 
the bound state is about two and a half times larger than 
the Compton wavelength of fi. Thus_it makes sense to think 
of i|/ as being made up of an ft and ft. 

Motivation for this model is based upon the following 
observations, (i) There already are experimental lndica
tlonsfor the existence of bound state(s) and resonances of 
the NN system.'"9 (ii) Theoretical calculations101* also 
indicate their existence, (ill) The increase in hadronic 
total cross section in the very high energy range can be 
attributed to "peripheral" production of massive clusters _, 
of particles (3TT, 4rr, NN, etc.) beginning near the NN thres
hold.

1
* (iv) This hadronic enhancement_could be related to 

the rise of R « o(e+e ■♦ hadrons)/o(e+e •»■ u+u~) at energies 
near the NN threshold, (v) There is no convincing argu
ment that rules out mesons with quark structure more compli
cated than (qq). It is therefore believed that it is worth
while to study the dynamics of baryonantlbaryon (BB) sys
tems. 

If the BB system is to give rise to a width as small 
as that of I|I, B must be stable. And its mass should be 
approximately half the <|> mass. The only known particle with 
these properties is the spin3/2 ft" with the algebraic p_ 
structure of three strange quarks. The requirement that J 
be 1 allows a maximum of four states in the ftft system: 
1' 1» 1*

 an<
* ^G

l*
 I n t n e *™ case, the various con

tributions to the NN potential are determined from NN scat' 
tering data and phenomenology and Gparity transformation. 
This allows one to calculate the properties of its bound 
states and resonances. 101*_ Unfortunately, little infor
mation is known about the ftvi system. Therefore, at our 
present level of understanding, the existence of its bound 
state and resonance and the values of their masses must be . 
postulated. 

In Section II, we discuss and comment on various 
arguments for <|>'s small width. Section III discusses 
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4>' (3.7). Some comments regarding i|i" (4.15) are offered in 
Section IV. We conclude with a section pointing out several 
crucial tests of the fift model. 

II. Arguments for 4>'s Small Width 

A. Centrifugal Barrier Suppression 

With a spin3/2 ft, ftft can form a bound state with 
high intrinsic spin and high angular momentum. Durr'a 
argument

5 is based on the assumption that this high angular 
momentum results in a large centrifugal barrier suppression 
of the wave function near the origin. He therefore identi
fies !,> with a Dwave bound state. However, the assumed 
centrifugal barrier suppression then leads to an estimated ., 
Dwave leptonic width too small by a factor of 505 or more. 
A second difficulty is that this assumed suppression will 
definitely rule out the 'G^ state as a candidate for ii or <i', 
'Thus either i|> or <|i' must be identified with the ̂ D^ state, 
which, however, has strong configuration mixing5 with the 
3
S^ state and, therefore, leads to too large a barrier 
transmission and annihilation width. 

B. Large Bound State and Small QValue 

In the paper of Tow et al., they argued that due 
to the existence of two small parameters appearing in the 
width formula, even a "conventional" strong interaction 
coupling constant can give rise to the observed small width. 
One small parameter is (*jj/r0) £ 0.05, where, AQ is the 
Compton wavelength of ft and rQ £ ("fo

8
^
 l s t n e " B l z e

" 
of the bound state, with B^ being the binding energy^ 
They assumed that during ftft annihilation, the A and A_quarks 
rearrange themselves and come out as three pairs of AA mesons 
One can then show that the dominant decay modes are $$$., 
4>4u, $nn', and $nn. The other small parameter i6 (Q/m.) , 
where Q denotes the Qvalue for the decay._ However, the 
quark rearrangement model in the case of NN annihilation 
may not be such a good approximation for pp annihilation 
in flight or at rest.1' The model also leads to a large 
Kch/nch ratio (between 0.3 and 0.7). And the parameter 
(Q/m.)*■ for the decay modes $nn' and $nn may not be small 
enough so that the effective strong interaction coupling 
constant a s t is only 70a and 50a, respectively (a is the fine 
structure constant). 
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;C. Suppression of Strange Quark Creation or Emission 

Recently, an alternative and new argument for tji's 
small width has been presented.1" This new argument may 
be able to avoid all the possible difficulties Just men
tioned regarding the two previous arguments. The argument 
is based on the assumption that nonstrange.quarks are easier 
to be created or emitted than strange quarks. The justifi
cation for this assumption may be due to the heavy mass of 
the strange quark relative to the mass of the nonstrange 
quarks and the experimental fact that hadronic processes 
result predominantly in nonstrange mesons. Since ft has 
three A quarks, the dominant connected diagram for ftft 
annihilation is then that of Fig. la, corresponding to 5 
exchange. On the other extreme, the least dominant diagram 
is that of Fig. lb, corresponding to ft exchange. Note that 
as far as the final state is concerned, the quark rearrange
ment model is just a special case of Fig. lb where the num
ber of emitted mesons is restricted to be three; of course, • 
the dynamics there may be different from Fig. lb. The ques
tion that we have to answer is why should Fig. la give rise 
to a hadronic width of only about 50 keV? For NN bound 
states and resonances, both experimental data'

' and theo
retical calculations10'11 indicate that the widths of these 
states lie near the range of 10  100 MeV. So a suppression 
factor of two to three orders of magnitude is necessary in 
going from NN annihilation to ftft annihilation. Let us com
pare a typical vertex in the NN and ftft annihilation chains, 
as shown in Fig. 2. The fact that the NN case has three. 
diagrams is because any one of the three horizontal non
strange quark lines can come out to become part of the ir 
meson. Thus our basic assumption results in a smaller irHH 
vertex that ITNN vertex. If on the average m ir mesons are 
emitted, then the annihilation cross section for ftft, or 
equiyalently

1
' the width of i|i, will be suppressed relative 

to NN by a factor of 

I 2m 
suppression factor <v< ( — ) , 

where 2 < a < 3. We see that the necessary suppression 
factor can easily be achieved with m t 3  6. Of course, 
some or many of the n's are decay products of p mesons, but 
we see that the suppression factor can still be large 
enough. In Regge language, the_Regge trajectory generated 
through annihilation for ftft »■ ftft has a much smaller inter
cept and/or residue than that generated for NN ■*■ NN. 1 ( 
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We note that this new argument in general gives a smaller 
Kcn/nch ratio than the argument presented in Ref. 6. For 
example, for a reasonable ir multiplicity of about 6, then 
K
ch/»ch * °'". 2 2 

The argument just presented for the suppression 
factor did not assume that there is a centrifugal barrier 
suppression of the wave function near the origin. Thus 
the criticism of a small leptonic width 5' may not be 
applicable here. In fact, without knowing what the strong 
interaction potential is like, we really don't know when 
this suppression should take place or the size of the 
suppression. 

Before concluding this Section, we want to point 
out a potential difficulty for the ftft explanation of i|>, a 
difficulty that all three arguments for the small width must 
face. Although_the ma6s of I(I is below the ftft threshold, it 
is above the H 5 threshold and so this decay can occur thru 
a K exchange. For the spin3/2 H, the very small Q value 
of 40 MeV can suppress the decay. However, for the spin1/2 
5, the Q value is over 400 MeV. Is the potential barrier 
at large r large enough to suppress this decay? A Dwave 
centrifugal barrier alone most likely is not enough to re
sult in r(î  ■+' z 5) s 50 keV.23 Perhaps the strong potential 
enhances this barrier. Another possible suppression mech
anism is that the ftHK vertex must have at least one unit of 
orbital angular momentum for a spin1/2 5, and there are 
four such vertices for the width. A small coupling here can 
give rise to the desired suppression. 

III. i»'(3.7) 

Since the mass of ^' is above the ftft threshold, <l>' 
must be a Dwave or Gwave resonance. We suggest that It 
is a Gwave ftft resonance. Its three dominant decay modes 
are 1) sji' »■ I|I + 2ir, 2) ty' ■+ mesons through annihilation, 
and 3) <(/' * ftft or 5 E . Each of these decay modes has a 
reason to have a small width. Decay mode 1) has a small 
width because it violates the IizukaZweig rule. * Decay 
mode 2) has a small width for the same reason as discussed 
in Sec. IIC for iji. Decay mode 3) has a small width because 
of the large centrifugal barrier at large r (not to confuse 
with the centrifugal barrier near the origin). 
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IV. i|i"(4.15) 
25 

Regarding the broad bump at 4.15 GeV, we do not 
necessarily have to explain this structure within the ftft 
model, because It may be associated with other effects, a 
point we come back to in the next paragraph. But if we 
insist on explaining it as a broad ftft resonance with a 
width of about 250300 MeV, we can make the following iden
tification. We identify * with 7Di_, i|»' with 7G l t and i)i" with 
3
Dj_. The reason for the large width of 4>" as compared to 

i>' is then due to a smaller centrifugal barrier, a higher 
energy, and the fact that  ^ can mix strongly with 3Sj. 

There may be other explanations for the structure 
at 4.15 GeV. It may be a compound made out of two (NN) 
bound states or resonances. ' Because ty" is so broad, it 
may even be a bound state or resonance of a system made out 
of unstable high mass baryons and antibaryons. 

V. Crucial Test of the ftft Model 

The most obvious test is that i|>' should decay some 
fraction of the time (it may be a small fraction) into ftft 
or E 5 . • Similarly, ty should decay into 5 5 some fraction 
of the time (again it_may be a small fraction). Another 
test of the general ftft model is that because ft has so many 
strange quarks, K h/ir h cannot be too small. We argue that 
■W'ch > 0.2. 22C 

A third test is that if NN and ftft bound states and 
resonances exist, then bound states and resonances of other 
stable baryonantibaryon systems should also exist. Besides 
ft , all other stable baryons have spin 1/2. If we restrict 
ourselves to states which communicate with the photon, then 
the only allowed states are 3Si and D*. Due to configura
tion mixing, most likely there is only one state, either a 
broad bound state or a broad resonance. Another reason for 
a broad width is that all three of the arguments (Refs. 5, 
6, 18) about the small widths of i|>'s in the ftft model make 
use of either the high spin and/or the high strangeness of 
ft. Thus all other BB bound states and resonances will be 
much broader, than ftft. We suggest r  > r_= , r.-r > r_= » 
r JJ . Note that if the annihilation widtfi is mxcfT 
larger than the barrier penetration width, the final states 
will consist mostly of mesons, rather than baryons. < 
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A systematic search of structure in e -e anni
hilation, photoproduction, hadronic production, and other 
experiments in the subenergy range of 1.7 GeV to 2,8 GeV 
can shed much light on the issues discussed here. Even 
if it turn6 out that ftft_has nothing to do with the iji's, a 
systematic search for BB bound states and resonances is 
interesting in itself. 
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Figure Captions 

Fig. 1. a) ftft annihilation thru E exchange. The symbol E 
denotes both the spin 3/2 particle and spin 1/2 
particle. 

b) ftft annihilation thru ft exchange. 

Fig. 2. a) irNN vertex. 
b) trEE vertex. 


