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We study the decays of the exotic meson §(1~*, 7=1) into n'® and nx. We assume hybrid quark—glue structure and exhibit a
large contribution to this decay in the QCD sum rules approach, and suggest that n’ x rather than pn might be the dominant decay

channel.

Exotic mesons, in particular hybrid (valence
gluon+quarks) states have recently received re-
newed attention, both from the experimental and
theoretical sides. Central to that interest are the ap-
parently conflicting data dealing with the J*“ I=1-*1
state often named . Ref. [1] reports a signal at 1400
MeV in a partial wave analysis of n—p-nn’+
neutrals, which could be interpreted in terms of f—
1z, with an unspecified production mechanism. Due
to its focus on neutrals, this experiment is blind to
the pr channel. Ref. [2], on the other hand, bases
itself on the widely held theoretical prejudice that
f-pn is by far the dominant decay channel. Since
p—7yr is directly related to f—pn by vector domi-
nance considerations, they can, by consideration of
the Primakoff production in t-nucleus scattering put
the strict bound I'(f—pr)<20MeV for ms<
1.5 GeV.

The two results conflict with the usually expected
values of

I'(p—pr) > I'(p-n'n)>T(f-nm) . (1)

This situation prompted us to reconsider the argu-
ments leading to (1), more specifically in the context
of QCD sum rules which seem to provide the strong-
est statements in that domain. We conclude that p'n
is most likely the dominant decay mode.

We thus focus on °—n’n° and take the following
choices for the currents associated with ', n, n°, p
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(see ref. [3]; @is found to obey: —20° <0< —16°)
_ 9,4§ cos@ 9,4 sinb
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L= + s 3
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Pro= T oma (4)
where
Af = (ut+dt+s£)//6,
A= (ug+d¢—25¢)/(2/3),
Af=(uf+d4)/2,
a¥ =qy*ysq, (5)

with £, =92 MeV

5 =8 G4 Y(uy,psA*u—dy,ysi?d) /fm}, (6)

where g; is the strong coupling constant, and G#* is
the gluon field strength. It was noted in ref. [4] that
the quark part of the divergences (2) and (3) does
not contribute to the decays in leading order; this
statement was further substantiated in ref. [5].

The important connection of 1 and 1’ to two-gluon
states through the anomaly must however be kept in
mind, and the graph presented in fig. 1 was first
brought to attention in ref. {6]. Here the n'-two-
gluon vertex is due to the anomalous divergence

1 3« =~
= — 8 Gur
0,44 = \/—6 s G*’ G, +mass terms . (7
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A p+q T We are only interested in A4 since the A’ contribution
is orthogonal to the {§ spin in its rest frame and thus
& does not contribute. K, and X, are given by
k
....... NS K, =jdzjdy(l—:/:)y[Kz+(l—z)—-Kzzy]‘l ,
4]

Fig. 1. Anomalous contribution to f— 1’ . Here 1° stands for 1
similar contributions exist for the charged particles with 1° re-
placed by t*

In the context of a QCD sum rules approach the au-
thors then proceeded to evaluate the various dia-
grams derived from this by the insertions of
condensates (), (WGY), .... It strikes us how-
ever that the bare diagram by itself might bring the
dominant contribution, due again to the presence of
an anomaly in the remaining fermion triangle. It
would be wrong indeed in the present context to re-
place 3,44 by the usual m, 0ysu+... term, since the 7
matrices at the vertices conjure to make the graph
anomalous.

From this it becomes straightforward to evaluate
this new contribution; we simply provide the salient
points. The only difficulty stems from the ultraviolet
divergence of the graph, which results when the fer-
mionic triangle is shrunk, and reduces to €,,,.(p+
g+k)’(k+q)". Our only resource consists in the in-
troduction of a cut-off, which in some way represents
the wave function of the § particle. It is quite obvious
on physical grounds that such a momentum depen-
dence has to occur due to the composite nature of f,
but it is a lot harder to specify its shape. In order to
keep things simple, we simply introduce a factor
[4%/(|k*| +42)]? in the left-over integral. Let us
define

0| Ty (q)Pr0(P)D5 (P +q) 10D
=(p¥—q*)A+ (p*+q*)A’ . (8)

We get:
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K2=j dzJidy(z—zz)yz[K2+(1—Z)—KZZJ/]_I )
0

0
K=0Q%/4%. (10)

We choose the unphysical point ¢°=—Q%?=p’=
(p+4)*. We have not attempted a complete analyti-
cal evaluation of these functions; instead, we present
in fig. 2 a plot of K, and K, together with a power fit
to their dependence in K. We have now to compare
the value of (9) to the phenomenological approach,
continued to unphysical g2

fmz  fimi fymi
Aon. =&nn 75— s (11)
ST Q4 mI QP +mi Q*+mi
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Fig. 2. K, K> and fit to K, + K.
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The comparison of (9) and (11) is pretty difficult,
since the momentum dependence of both expres-
sions is so different. Qur main point is that the con-
tribution (9) is large when compared to the terms
retained in ref. [6], the latter being suppressed by at
least one power of (mgq+m,).

In order to make the comparison more striking, we
will follow closely the steps taken in ref. [6] (see
however our reservations below). For this purpose,
we neglect m2 in the denominator of (11) and mul-
tiply both (9) and (11) by Q? before taking the in-
verse Laplace transform, i.e. applying the operation

(7]

. 1 Y
L= Mmoo (@) <sz> ' (12
Q/n=1/1

The fit presented in fig. 2 corresponds to

o\ 4 5 b
K.+K2=a’<%> w(%) , (13)

and gives a=0.017, h=0.28, a’ =0.88, b’ =0.5. Un-
fortunately it becomes negative for large Q2. We have
checked that more extended (but less accurate) fits
give qualitatively similar results (in particular ¢’ (Q?/
A%)~< whose divergence at Q*=0 is anyway sup-
pressed by the extra powers of @2 in (9)). The com-
parison of the transforms of (9) and (11) yields:

2 2
mi—m3

X Gy (A,7) | min 42,

with

Gy (A1) =a' G4(A?) = [[(=2—a)]~"
=b' Gy (A%~ (=2-b)]7",

where

Gi(n)y=17""%a(1)
X [exp(—m; 1) —exp(—m3T)] ™", (14)

where o, (1) is the strong coupling constant with Q2
replaced by 1/7. The functions G, (t) and G, (t) are
plotted in fig. 3; we follow the usual prescription in
choosing to evaluate g;, ., for the value of t corre-
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Fig. 3. G,,G, (1) evaluated for m;=1.4 GeV; A=1 GeV. Similar
curves are obtained for the other values of the parameters quoted
in the text.

sponding to stationarity of G(t). Of course, our re-
sult is very sensitive to the value of the cut-off. Since
A is supposed to represent the physical cut-off in the
p wave function we could choose somewhat arbitrar-
ily A=mz=1.4GeV; using f;=0.02 GeV from ref.
[6] we get:

gﬁn‘n=16-55 (15)
which according to

2 3
T'(Gon'n)~(g.. 2 ({_ Mo
(p—>n'n) > (gsnr) 487:( mg) (16)

would lead to a width of 380 MeV. For A=m;=
1.6 GeV, as considered in ref. [6] we obtained
I'~1GeV!

Clearly this approximation is not reliable, and for
various reasons:
— we are actually trying to compare two wildly differ-
ent functions. (9) decreases with Q2 while (11) in-
creases with 02,
— the inverse Laplace transform acts in a capricious
way on positive powers with vanishing results for all
integral powers, Its main justification in this context
stems however from the remarkable successes met in
the case of ordinary mesons [8];
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- the phenomenological approximation may be at
fault; for instance, gz~ is presumably a function of
Q?, the physical process could then be considerably
reduced in view of the little energy available for the
decay;

~ our choice of the cut-off mass is quite arbitrary; for
instance, taking A=1 GeV yields

I(p-n'n)=150 GeV . (17)

We do not want to insist further on the possible dif-
ficulties of the approach, since we think our main
point is now taken. Namely, the presence of anoma-
lies induce a large contribution to §—n’n and subse-
quently to g—nr.

While (2) and (3) would lead us to expect gsqx/
&sn'n=1g 0, the QCD sum rules approach seems more
sensitive however to SU (3 ) breaking and would yield
the following results

Eonr = tgg Gn(TsA) |min m%(mg—m%) .
8pn'n Gn'(TaA)lmin m%](m%_m%)

(18)

Note that this ratio is nearly independent of the cut-
off A. We obtain for m;=1.4 GeV

N I'(p
Epnre. =0.31tg0, w

~ =3.5%.
Eon'n I'(p-n'n)

Irrespective of the details of the above treatment,
we conclude that an anomalous contribution to f—
n'w is large (eq. (9)) while no similar contribution
arises for p—pn, f—yn. While impressed by the size
of the new term, we have stressed the difficulties in-
herent in its interpretation. It is our belief that we
have sufficient evidence to suggest that the f-n'n
and f-nn transitions are largely enhanced with re-
spect to the previous estimates, and that #'© might be
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the dominant decay mode. On the other hand, the
data of ref. [2] still seem incompatible with the width
of p—pn and F—yr estimated in ref. [6]. In view of
the suspected difficulties in the use of Laplace trans-
forms, we think it wise to reserve judgement, and hope
our experimentalist colleagues will succeed in meas-
uring the decays into vectors and pseudoscalars in the
same set up.

We want also to stress that there is no disagreement
with the work of ref. [5], which indeed states that the
main contribution should come from the Zweig-sup-~
pressed graphs considered here. We have no com-
ment on other approaches.
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