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Filtering overpopulated isoscalar tensor states with mass relations

Leonid Burakovsky* and Philip R. Page†
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~Received 8 June 1999; revised manuscript received 11 November 1999; published 24 May 2000!

Schwinger-type mass formulas are used to analyze glueball-meson mixing for isoscalar tensor mesons. In
one solution, thef J(2220) is the physical glueball, and in the other the glueball is distributed over various
states, withf 2(1810) having the largest glueball component. Neither thef 2(1565) nor thef J(1710) are among
the physical states without assuming significant coupling to decay channels. The decayf 2(1525)→pp is
consistent with experiment, andf J(2220) is neither narrow nor decays flavor democratically.

PACS number~s!: 12.39.Mk, 12.40.Yx, 13.25.Jx, 14.40.Cs
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The numerous isoscalar tensor states seen by experim
@1# resist simple meson interpretations, because of the
dicted existence of the tensor glueball amongst these s
@2#. Glueball-meson mixing can be substantial, as found
isoscalar scalar mesons@3#.

In the absence of lattice QCD predictions, the complex
of glueball-meson mixing calls for an analysis with as fe
assumptions as possible about detailed dynamics. In this
per we present a mass matrix analysis of considerable
though not total, generality.

Although QCD is not expected to admit an exact ma
matrix representation, and only effective mass matrix fi
theories are known to exist, Schwinger’s original mass f
mula, derived from mass matrices, is in excellent agreem
with experiment for theJPC5122, 211, 221 and 322

sectors@4#. The formula contains a primitive~bare! isoscalar

mesonnn̄[(uū1dd̄)/A2, referring to the partner of the

light quark isovector meson, with a primitivess̄ partner; and
the two physical states, representing the primitive states a
mixing. The analysis assumes lack of imaginary parts
that all quarks couple the same way in the mixing. T

primitive nn̄ meson mass is related to the isovector me
mass taken from experiment. As motivated in Ref.@4#, the
two masses are typically set equal. An additional relati
commonly the extraction of mixing angles from experime
or the quark model relationMnn̄1Mss̄52Msn̄ , is needed to
test, with knowledge of the masses of the two physical sta
the validity of the Schwinger formula. We shall use equal
of isoscalar and isovector meson masses in every none
this work, and sometimes apply the quark model relation

For a single meson nonet, the Schwinger formula w
lack of imaginary parts can be extended, without any ad
tional assumptions, to include glueballs@4#. However, with
multiple meson nonets this is not possible, and it is assum
that the mesons and glueball mix only via meson-glueb
coupling, with no direct meson-meson coupling. This
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sumption follows from largeNc QCD.1 The assumption al-
ready had the phenomenological success of providing an
derstanding of the decay pattern of the scalar glueball fo
in lattice QCD@3#. Ideal mixing of the mesons before the
mix with the glueball is assumed, since the small experim
tal decayf 28(1525)→pp supports this choice of basis.

The first excited tensor glueball is expected to lie abo
the experimentally accessed mass region@2#, and its effect
can hence safely be neglected. This means that we can
strict consideration to the low-lying mesons and one prim
tive glueball. After allowing these to mix, we shall deriv
Schwinger-type mass formulas. Mixing with hypothetic
four-quark states is not taken into account.

The isovector mesons will be given labels such
P-wave, F-wave or hybrid meson, indicating the domina
component in a quark model interpretation of the state. Ho
ever, the mass matrix analysis does not assume theP-wave,
F-wave or hybrid meson nature of a state, nor that it is a p
quark model state.

I. MASSES AND VALENCE CONTENTS

The isovector tensor mesons should act as beacons fo
mass scales of various nonets. Unfortunately, only
a2(1320), which we will take to fix the mass of the primitiv
nn̄ ground stateP-wave state, 1P, is well established@1#.
There is recent evidence fora2(1660) at 1660640 MeV or
1660615 MeV @5#, and for ana2(160021700) @6#. The
a2(1660) is taken to fix the mass of the primitivenn̄ first
radially excitedP-wave state, 2P.

There is also some recent evidence for isovector ten
states at 2060620 MeV and 1990230

115 MeV @7#, signaling
the 3P and 1F nonets. The 1F nonet is signposted by th
a4(2050). There are recent indications from VES that t

1The matrix element between differentnn̄ states is zero becaus
we chose a basis in which the isovector meson matrix is diago

and the primitivenn̄’s are taken to be the isoscalar analogues of

isovector states. Thess̄ states are taken to be heavier analogues

the light ones, so that the mixing between differentss̄states is zero.
©2000 The American Physical Society11-1
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mass of thea4(2050) is 194468650 or 1950620 MeV

@6#. We place the primitivenn̄ 1F state at 1.94 GeV and th
primitive ss̄ state higher by twice the difference between t
K4(2045) and VES’a4(2050) masses, i.e. at 2.15 GeV. W
shall take the primitivenn̄ 3P level to be at 2.05 GeV.

There is some evidence for an isovector tensor stat
2265620 MeV @7#, signalling the 2F or 4P nonets. The
presence of both nonets is indicated by ana1 at 2340
640 MeV @7#, which can be 4P but not 2F; or ana4 at
2300620 MeV @7#, which can be 2F but not 4P.

There are 13 isoscalar tensor mesons up to;2.3 GeV
listed by the Particle Data Group, with 6 well-establishe2
-
m

w

01401
at

@1#. One expects a glueball, and the 1P, 2P, 3P and 1F
nonets in this mass region, yielding 9 states, and poss
nn̄ 4P and 2F in addition, giving 11 states. There is hen
an overpopulation of experimental isoscalar tensors, al
not for the well-established ones.

Since the 1P, 2P, 3P and 1F nonets are expected belo
;2.3 GeV, our analysis can safely be restricted to a 939
mass matrix. There is the possibility of the 4P and 2F me-
sons contaminating results at the upper end of our sim
tion, at;2.3 GeV, which is also investigated.

The mixing of a glueball andn pairs of isoscalar meson
is described by the following mass matrix, which is diag
nalized by the masses of (2n11) physical states:
ber
ve

nd
1
G g1 g1A2 • • • gn gnA2

g1 S1 0 • • • 0 0

g1A2 0 N1 • • • 0 0

• • • • • •

• • • • • •

• • • • • •

gn 0 0 • • • Sn 0

gnA2 0 0 • • • 0 Nn

2 ⇒diag~h1 ,h2 , . . . ,h2n11!. ~1!

G, S andN stand for the masses of the primitive glueball,ss̄andnn̄ mesons, respectively, the subscript indicating the num
of the nonet the state belongs to.hi stand for the masses of the physical states.gi are the glueball-meson couplings that ha
dimensionality~mass!.

Applying the techniques of Ref.@4#, one can obtain 2n pairs of relations for the coupling in terms of the primitive a
physical masses (i 51,2, . . . ,n):

gi5!2

)
j 51

2n11

~Si2hj !

)
j 51

n

~Si2Nj ! )
j 51 j Þ i

n

~Si2Sj !

5!2

)
j 51

2n11

~Ni2hj !

2)
j 51

n

~Ni2Sj ! )
j 51 j Þ i

n

~Ni2Nj !

. ~2!

Each pair of these relations represents a Schwinger-type mass formula. Hence, for (2n11)3(2n11) mass matrix~1! one has
n Schwinger mass relations. Thesen formulas, together with the trace condition for the mass matrix~1!,

G1S11N11S21N21•••1Sn1Nn5h11h21h31•••1h2n1h2n11 , ~3!
ve

ro-
ex-
in
constituten11 mass relations~without couplings! for the
mixing of a glueball andn meson nonets.

The strategy we pursue is as follows.
Since we take thef 2(1275) andf 28(1525) as the estab

lished ground state 1P tensor mesons, we incorporate the
by fixing N51.318 for 1P @1#. We fix the following values
of the primitive masses~in GeV!: N51.66 for 2P, N
51.94, S52.15 for 1F and N52.05 for 3P. We also take
one of the physical states to have a mass in agreement

2Taking bothf J(1710) andf J(2220) to have 211 components.
ith

one of the glueball candidatesf J(2220), f 2(2150), f 2(1950)
and f J(1710) @2#, and the other three physical states to ha
masses in agreement with three states amongf 2(1565),
f 2(1640), f J(1710), f 2(1810), f 2(1950), f 2(2010),
f 2(2150), f J(2220), f 2(2300) andf 2(2340), excluding the
state already chosen for the physical glueball.

We discard the possibility thatf 2(1420) exists. Although
claimed by a number of old experiments in a variety of p
duction processes, recent experiments do not confirm its
istence. This is most vividly illustrated by its observation
~mostly! double Pomeron exchange inpp→pf(p

1p2)ps at
As563 GeV @2#. Recent examination of thesamereaction
1-2



-

e

ti-
th
eV

W
t

p
a

is

-

m
ti
o

o
o

le

d

,

m
i.

on

b
s

f
h
i

olu-

f
ave

els
ss

d

to
4

ong

m-
and

the
ver
on-

w
ing
r of

ce

is
ive

are
is
ia a
spe-

FILTERING OVERPOPULATED ISOSCALAR TENSOR . . . PHYSICAL REVIEW D62 014011
does not see any evidence forf 2(1420) @8#.
We admit the following criteria for holding physical so

lutions and separating out non-physical ones:
~i! The mass of the primitive glueball satisfiesG

>2 GeV @2#.

~ii ! In all the cases when a primitivess̄ mass is to be

obtained, it is higher than the correspondingnn̄ mass, and

thess̄2nn̄ mass splitting is consistent with the quark mod
motivated estimate 200650 MeV @3#.

We find two different solutions, which are almost iden
cal with respect to the physical masses. Particularly,
primitive glueball masses are in the range 2.0–2.1 G
consistent with models and lattice QCD@2#. The couplings
are in the range 30–120 MeV for the various nonets.
find that the physical masses are insensitive to changes in
input, but that the valence content is more sensitive: es
cially for states at similar masses to where the parameters
changed, and for small valence components.

~i! For the first solution, thef J(2220) turns out to be the
physical glueball.

~ii ! For the second solution, the physical glueball is d
tributed, with f 2(1810) containing the largest component.

Both solutions have the following similarities:
~i! The physical states aref 2(1270), f 28(1525), f 2(1640),

f 2(1810), f 2(1950), f 2(2010), f 2(2150), f J(2220) and ei-
ther thef 2(2300)/f 2(2340) or f 2(2340) in the first and sec
ond solutions, respectively.

~ii ! The valence content has almost entirely the sa
signs between the various components, the only excep
being different signs for the two dominant meson comp
nents inf 2(1950).

~iii ! The physical mesons have a substantial glueball c
tent, contrary to naive expectations, with the exception
f 2(1950) in the second solution. This would, for examp
explain why f 2(2010), f 2(2300) and f 2(2340) were ob-
served in the OZI forbidden processpp→ffn, and would
suggest that several tensor mesons should be produce
glue-rich processes.

~iv! The f 2(1270), f 28(1525) andf 2(1640) are composed
of more than 90% of the expected primitive state.

~v! For the 1P nonet,S1N is found to be 2.87 GeV
consistent with 2M (K2* )52.8660.01 GeV@1#, motivating
the quark model relation.

The solutions differ as follows:
~i! In the first solution all physical mesons have one co

ponent which has a valence content of larger than 90%,
the state is dominantly a specific primitive state. The sec
solution does not behave in this way.

~ii ! For the first solution, the physical glueball has su
stantial valence content in all the meson states it couple
contrary to the second solution.

~iii ! For the second solution, both thef 2(1950) and
f 2(2150) have largenn̄ andss̄ components. Hence, both o
these states will have many different decay modes, whic
in excellent agreement with data. Although this feature
absent for these states for the first solution, wheref 2(1950)
is mostlynn̄ and f 2(2150) mostlyss̄, many of the observed
01401
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decay modes arise from connected decay of bothuū andss̄
components, so that this avenue to distinguish between s
tions may not be definitive.

We never found thef 2(1565) andf J(1710).
It is possible thatf 2(1565) andf 2(1640) are aspects o

the same state, which would remove one extra state. We h
neglected the mixing of mesons with decay chann
throughout, since it is believed to produce only tiny ma

shifts @2#. We suggest that the mass of the 2P nn̄ state
found in our formalism is shifted downward by therr and
vv thresholds, which the3P0 model predicts it to couple
strongly to@9#.

f 2(1565) decays torr and vv and has an abnormally
small branching ratio topp andhh @1#. This, together with
the nearness off 2(1565) to therr and vv thresholds has
lead to the alternative suggestion thatf 2(1565) is arr mol-
ecule@2#.

f J(1710) has been suggested as aK* K* molecule @2#.
However, it is not well established that aJ52 component
exists. Recent evidence supports only theJ50 component
@8#.

Once the 939 mass matrix is fixed, one can easily ad

extra meson nonets to it. We add the primitivenn̄ and ss̄
masses of the 2F nonet at 2.3 and 2.5 GeV, respectively,
the mass matrices. Similarly, the primitive states of theP
nonet are added at 2.35 and 2.55 GeV, to yield a 13313
mass matrix. The physical states are required to be am
both f2(2300) andf 2(2340).

The result is a 13313 ‘‘counterpart’’ to each 939 ma-
trix, called solutions 1a and 2a. The primitive states in co
mon have the same couplings and primitive masses,
similar valence content~with the same signs!. The valence
content of a given primitive state tends to decrease from
939 counterpart, since the physical state is spread o
more primitive states. Remarkably, the ratios of valence c
tents of the 13313 solutions and their 939 counterparts
remain extremely similar (;1%), except for the compo-
nents in the 939 matrix which has similar mass to the ne
components being added. This means that for low-ly
states, there is usually no need to extend the numbe
primitive components in order to study decay.

We also find two new solutions, called 1b and 2b, sin
they are respectively similar to the 939 solutions 1 and 2.
They have, however, no 939 counterparts.

II. ILLUSTRATIVE DECAYS

The decay of a physical state to a specific final state
calculated by adding the decay amplitudes of all its primit
components, weighted by their valence content.

The decay amplitudes of the primitive components
calculated in the3P0 model, meaning that pair creation
with vacuum quantum numbers and decays proceed v
connected quark diagram. In the mass matrix analysis,
1-3
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cific quark model identifications were not assumed for
various components. However, to calculate decays, the q
model content is assumed.

f 28(1525)→pp: The Okubo-Zweig-Iizuka~OZI! rule for-
bidden decayf 28(1525)→pp is well-known experimentally
and is zero in models where the state has only one vale
component. For the 13313 solutions 1a, 1b, 2a and 2b w
find G„f 28(1525)→pp…51.6~1.4!,1.2~1.1!,1.0 ~0.9!,0.7~0.7!
MeV, in two phase space conventions@2,9#. Solution 2b is
in best agreement with the experimental value 0
60.12 MeV @1#. The valence content of thef 28(1525) is

such that its 1P and 2P nn̄ components are in destructiv
interference~they have opposite signs!, which results in the
suppression of thepp decay mode of this state. Furthe
more, for components higher in mass than 2P, the valence
content has the same sign as the 2P component, leading to
further suppression. To be specific, we illustrate this for
lution 2b. G„f 28(1525)→pp…514 and 4 MeV if only 1P,
and 1P and 2P components are included. In fact, the wid
remains above 1.5 MeV as long as not all of the 1P, 2P, 1F
and 3P components are included. We have thus provided
first quantitative understanding of the processf 28(1525)
→pp. This demonstrates that the techniques of both
mass matrix and3P0 decay analysis yield predictions con
sistent with experiment, motivating their continued use. R
markably, the decayf 28(1525)→pp can only be understood
when at least four different components off 28(1525) are in-
cluded. It is also apparent that there is no need to postula
non-connected decay mechanism, whereby primitivess̄
components would directly decay topp. Becausef 28(1525)

is dominantlyss̄, such processes must be small indeed.
We proceed to study the tensor glueball candid

f J(2220).
Evaluating the total width off J(2220), withJ52, to pp

andKK̄, for all the 13313 solutions, and phase space co
ventions, we obtain 20–150 MeV. It is evident that the ti
total experimental width of 2327

18 MeV @1# cannot be sus-
tained in our model. This is not necessarily in contradict
with current experiments, as it is possible to understand d
on f J(2220) if one does not take it to be narrow@10#.

It is often claimed thatf J(2220) has a flavor democrati
decay pattern expected for a pure glueball@2,3#, wherebyR
[G„f J(2220)→p1p2

…/G„f J(2220)→K1K2
…51 without

phase space included, andR51.7 with phase space include
However, naive flavor factors give that a purenn̄ and ss̄
state should have, without phase space included,R54,0 re-
01401
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spectively. Thus a mixture betweennn̄ andss̄ can also look
flavor democratic. For the 13313 solutions 1a, 1b, 2a and 2
we find R50.6,0.7,0.4,0.5 respectively, independent
phase space conventions. Although these values ofR do not
represent flavor democratic decay, they are all consis
with experiment@1#, which possesses large error bars.

When decays are to final S-wave mesons, one almos
ways finds that the decay amplitudes decrease sharply a
decaying component is progressively radially excited. T
same is true as the decaying component is orbitally exci
This has the consequence that although a physical state
have a dominantly excited component, its decay mainly p
ceeds through a lower excited component. This means
naive quark model calculations that assign a single com
nent to an excited state@9# might be completely unreliable
One woulda priori expect this situation to be worst inJPC

sectors where low-lying glueballs are present, i.e.JPC

5011, 211 and 021 @2#. We illustrate the phenomenon b
analyzingf J(2220)→pp andKK̄ for the 13313 solutions.
Although f J(2220) is never dominantly 1P, this contribution
is always one of the largest ones. One tends to find that
of the width can be found by including only the 1P and 2P
contributions, even though the state may be dominantlyF
and 3P.

III. ABSTRACTED FEATURES

When we restrict to glueball-meson mixing, Schwinge
type mass formulas can be obtained. With some phys
isovector and isoscalar masses known, these formulas
predict unknown masses and couplings. The utility of t
new analysis technique was demonstrated in the tensor
tor.

It has been shown that in order to understand the de
f 28(1525)→pp, one has to consider more than the 1P nn̄
component. This implies that the use of a 232 mixing for-
mula where the physical states are linear combinations ofnn̄

andss̄ components can be inadequate.
In our approach the physical glueball isa priori narrower

than mesons due to the large glueball component, whic
taken not to decay. However, as shown for thef J(2220), the
physical glueball is not unusually narrow, because of
presence of significant meson components. Also, there is
reason to expect a flavor democratic decay pattern for
physical glueball.
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