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ABSTRACT

After a concise review of the NN annihilation in the quark rear-
rangement and 3Po annihilation models, preliminary results are
given for the case with an additional term where a qq pair with
the gluon quantum number 3S\.

Attempts to explain nucleon-antinucleon annihilation in terms of quarks and
antiquarks lead to nonlocal annihilation potentials (for a review see Ref. *>). In
particular, if the baryon and meson states are assumed to be eigenstates of the
harmonic oscillator confining potential

mq

(6 = RMS radius of the proton taken to be 0.6 fin), and the interaction is used
in a nondiagonal situation ( 3 m | ^ Vi^NW), then the annihilation potential is
separable. More specifically it is for the three meson final states resulting from
the pure rearrangement process3' Fig. la

Vam = ~ A £ g?I(E,m)C(BB',m)f(r)f(r')

(2)

In this equation $ = ^ * a = J% l/b2 is the meson size parameter (~ radius"2),
C's are the SU(6) recoupling coefficients between the baryonic and the three meson
configuration m (in a given spin-isospin state) and J's the corresponding phase
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Fig. 1. Mechanisms for NN annihilation: a) pure quark rearrange-
ment, b) qq annihilation by the 3P0 vertex followed by a rearrangement,
c) 'gluon' exchange.

space integrals. The free parameter, the strength A, can be given a theoretical
estimate from the confining potential (1). However, one could consider at least
a factor of 2 uncertainty in the strength A. The other parameter g* attempts to
take into account the fact that presumably not all of the pion is qq configuration.
The value 1/2 is used in good agreement with the theoretical estimates of Ref. 3'.

The polynomial functions f(r) in Eq. (2) depend on the initial and final
states (the final state mesons can be s-, p- or d-state mesons) in the following way
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It is numerically very important to note that there is a node in the potential
form factor, when two p-wave mesons are combined to a total baryonic S-state.
because the annihilation cross section due to each separable term a v(r) v(r')
is proportional to the square of the integral fip(r)v(r)cPr. Furthermore, it is
important to note as a matter of principle as well as practice that in this model
the final state mesons are always in a relative S-state. In practice, the high mass



states including two p-wave mesons or a cf-wave meson are not important, since,

even with the width of the mesons, there is not much phase space for these mesons

to become real.

The principal importance of the spp final state configurations above (also

of course ssp) is that one of the p-wave mesons (/o(1300)) can be interpreted as

the vacuum. This amounts to the so-called naive quark creation (or annihilation)

model where an annihilation operator*'

$C3P0) = i 3 7 yjl ( U " [2V12 X(qq, S = 1))J(")=O *(r12) , (4)

is applied on a qq pair. This generalization leads to a model for annihilation

into two mesons5) as depicted in Fig. lb. Basically the properties of this model

are similar to those of the three meson final states above, the same recoupling

coefficients and separable interactions with only a relative s-wave between the

mesons. Only the phase space integrals are different and the extra ^-function

causes a difference in the range: 3/?/4 —» 3(o + 3/?)/8 in the exponential

Sir) = | v ^ ( r 2 - ^ | ) for S - sP

/(r) = y/3r for P -* ss (5)

/(r) = 3^3/lO0r2 for D -> sp .

The strength of this term can be obtained by fitting 7 in Eq. (4) to meson and

baryon resonance decays.

To conclude defining the Helsinki model of annihilation, in addition to the

above separable multiterm annihilation potential, also the G-parity transformed

meson exchange potential and the strong coupling to the i V A i AN and A A

channels are included. A similar formalism has also been used by the Osaka and

Tubingen groups6'. The latter work has concentrated more on the study branch-

ing ratios, whereas the Helsinki group has strived more first for an understanding

of the bulk of annihilation as the total annihilation cross section (although a lim-

ited calculation has been performed for branching ratios with reasonable success,

which is strictly constrained to three s-wave meson final states7*). The idea is that

one should first ensure that the mechanisms included can indeed produce enough

annihilation, before one reliably and consistently considers branching ratios as

indications about the reaction mechanisms. Once the unitarity limit for absorp-

tion in low partial waves is so near, different absorptive contributions are no more

simply additive. In fact, it can happen that two mechanisms combined together



give less absorption than one of them does alone. Also adding one mechanism can

cause some other mechanisms to enhance considerably even without itself giving

explicitly much annihilation. In this kind of situation this mechanism (however

important its inclusion was in enhancing annihilation) may look unimportant, if

only branching ratios are considered. The present state of art, in fact, lacks a

considerable amount of absorption-in pp scattering. E.g. in Ref. 5) only up to 75%

could be achieved of the experimental 100 mb at E\*ja = 100 MeV.

Three main reasons for the failure to get enough annihilation are:

1. The separable nature of the annihilation potential causes a maximum in

<?ann- It can be shown that in a single term case

2

A"1 , (6)
1 - A J ,

with /o and I\ integrals independent of A. The multiterm case is structurally

similar. It is obvious from Eq. (6) that just by increasing A indefinitely one

cannot, get indefinitely much absorption as with a local potential.

2. The phase space integrals in Eq. (2) are mostly attractive. With the noto-

riously strong NN meson exchange attraction (enough to support up to 10

bound states in the absence of annihilation) the wave function can have a

node inside the annihilation range. Consequently the integral after Eq. (3)

would become small. The need for a repulsion has been studied by the

Osaka group in Ref. 6) and the Helsinki group in some detail in Ref. 9>.

3. The constraint of only zero relative orbital angular momentum between the

final state mesons seems physically unsatisfactory. Ridding from this would

increase the number of possible final states.

One possibility8* to overcome some of the above difficulties (especially 3)

along with a wrong branching ratio (the single 3PQ model as above gives B{^P\ —*

p±ir^) 2> B(UP\ —* />±ffT) contrary to experiment) is to iterate the 3PQ vertex as

in Fig. 2. However, in 5-states this short range mechanism would have a node

in the potential making the contribution small. In Ref. 5) this mechanism was

interpreted as annihilation into a single meson with a width (to account for a

decay again to two mesons) and the effect on the annihilation cross section was

found to be negligible.



Fig. 2. Annihilation to two mesons by a third order 3PQ mechanism.

Apparently the ideal additional mechanism would be repulsive in the 5-
states and extend possible final states to nonzero final orbital angular momenta
and it should not have nodes in its contribution (if it is separable). The one-
gluon exchange (Fig. lc) has all these features. It facilitates S —» (SS)Pl^ and
P —•> (SP)Pnl. The former is attractive (Ei is far above the threshold) and the
latter is attractive. Also as an S-wave vertex it does not have any difficulties with
nodes, which arise from combining two p-waves to an 5-wave. This in turn leads
to a Laplacian of the overlap integral as the potential form factor with a node.
In Ref. 10) the S-wave vertex was shown to increase the S-wave annihilation from
about 15 mb to 23 mb at 2?L«b = 100 MeV, quite near the unitarity limit 26 mb.
The effect on the P-waves is not clear o priori. Isospin zero states 3P0 and 3P2

tend to be far too attractive, so these may become worse, whereas some others
could benefit from some attraction. This paper presents a preliminary result for
the effect of the gluon exchange on P-wave annihilation.

It should be made clear from the outset that the 'gluon exchange' cannot be
literally a one-gluon exchange in the nonperturbative regime. The main thing is
to have something with the gluon quantum numbers. In fact, all that is needed
is to have qq annihilation to take place from an S-state. Gluon exchange is just
one physical mechanism to accomplish that. The 3P0 model can have this kind
of annihilation as a relativistic correction11), but unfortunately this is too small
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Fig. 3. The 5-wave annihilation cross section at 100 MeV as a function of the
rearrangement strength 7. Shown are the 3 meson contribution (rearrangement)
alone, 2 + 3 meson using the 3Po model split to the two components, and 2 + 3 with
both 3P0 and 35i terms of Eq. (8).

an effect12'. An argument is sometimes made for the 3P0 model that it somehow

simulates a multigluon mechanism. By nonperturbativeness exchanges with an

additional gluon (with the gluon quantum numbers) should then be as important.

The 35i quark-antiquark pair (36) annihilation interaction has been given

in Refs. 13-14> as

0(3Si) OC (- p, + £ Sx X S3 (7)

with q = p , ' — pl = p3 + p6. In the coordinate space and summed over the quarks
and antiquarks this becomes12'

(X -2f*+ i — X ICT| — (T4 — 0] -f- <T5
2 • (8)
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Fig. 4. The 3 + 2 meson result with the 3P0 model (dashed) and
with 3S0 included (solid) for /"-wave annihilation at 100 MeV.
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Fig. 5. Total annihilation cross section at 100 MeV. Curves as in Fig. 4.



This is just like a 35i vertex and a 3P0 vertex modified by a factor 1/2[J( J +
1) -f 2 — S(S+ 1)J. In the following calculation this modification has been omitted
and the overall strength has been taken from the earlier calculation5*, where the
3/>o vertex strength 7 = 3.4 from meson and baryon resonance decays was used.

The results for £ub = 100 MeV are shown in Figs. 3-5. The inclusion
of the 35j term improves the S-wave annihilation significantly. Also the .P-wave
annihilation cross section increases by about 5 mb. Fig. 5 shows the change, when
partial waves up to .D-waves (and tensor coupled F-waves) are taken into account.
It can be seen that the earlier ~ 75% of the experimental result is easily increased
to 85-90% for perfectly tolerable values at the rearrangement strengths A, as
compared with its theoretical value 14 MeV fm. This result shows some promise
of raising the level of annihilation without having to resort to phenomenological
potentials.
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