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Basarab NICOLESCU 
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IPN Orsay and LPTPE, Université P. et M. Curie, Paris, France 

Abstract : In this talk we discuss the topological selection rules which govern the 
physics of multiquark states In the framework of the DTU theory. These 

new selection rules lead us to expect that narrow multiquark hadrons re rare, are 
strongly coupled only to some particular channels, and appear only i> >ome restric
ted mass regions. 

I. INTRODUCTION : THE DUAL TOPOLOGICAL UNITARIZATION APPROACH TO HAORON PHYSICS 
The Dual Topological Unitahzation (DTU) approach to hadron physics re

presents a way of dealing with the difficult and subtle problem of confinement. 
It is an S-matrix "topological perturbation" theory which incorporates (and even 
requires) a given quark-like structure of hadrons. Its domain of validity being 
restricted to low- pj physics, DTU appears as complementary to the perturt-tive 
QCD theory, which nicely describes high- pj physics. 

The DTU approach is formulated as a generalization of the descr ...ion of 
hadron scattering via the quark duality diagrams 11] . The central idea is le 
recognition of a possible correspondence between the complexity of singularities of 
scattering amplitudes and the topological complexity of certain 2-dimensional 
surfaces 121. Namely, the logical chain is the following : amplitudes are determined 
by their singularities ; singularities are derived from unitarity ; the content of 
unitarity can be expressed through graphs (Landau graphs; ; and, finally, graphs 
can be embedded on 2-dimensional surfaces. (In fact, 2 is the minimal number of 
dimensions of the manifolds on which graphs can be embedded). These 2-dimensional 
surfaces are therefore representations of the singularity structure of the scatte
ring amplitudes and the unitarity products simply correspond to the connected sums 
of the surfaces. A simple example of quark-duality diagrams for meson-meson scatte
ring, embedded on a bounded and oriented plane, is given in Fig.l. Notice that the 
orientation of the boundary in Fig.l results from the fact that mesons are descri
bed as color-singlet quark -antiquark states. A more complicated graph in meson-
meson scattering is shown in Fig.2 ; it can be shown that this graph can be embedded 
on a torus. 

High-energy hadron phenomenology already suggests that the simplest 
singularities of the hadron scattering amplitudes are the leading contributions. In 
other words, graphs with a complex topological structure seem to be suppressed when 
compared with graphs with a simple topological structure. It has been therefore 
tempting to postulate the existence of a "topological expansion" [2], i.e. a theory 
in which the lowest "topological entropy" level corresponds to the leading contri
bution to the scattering amplitude and in which the higher "topological entropy" 
levels act as perturbative corrections. This approach stimulated detailed theoreti
cal and phenomenological studies which have proved to be very successful in the 
case of mesons (see Ref,3 for a recent review on this subject). 

However, the extension of DTU to baryons is intrinsically difficult, due 
essentially to the complex nature of the "topological entropy" index, which governs 
the topological expansion. Important questions remain to be answered. How the color 
is to be introduced ? Why there Is confinement of quarks 7 What properties of 
quarks are really represented by quark-duality diagrams ? If the quark lines repre
sent the flux of energy-momentum of quarks, how this can be reconciled with the 
permanent confinement property ? 



Fig.l Example of quark-duality diagrams for meson-meson scattering. The solid 
oriented lines represent "quark lines" and the dashed lines - Landau arcs. 
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Fig.2 A graph which corresponds to exchange of crossed clusters and which can 
be embedded on a torus. 

II. THE QUANTUM SURFACE AND THE CLASSICAL SURFACE 
A major step forward was recently made by Chew [41 and subsequently by 

Chew and Poenarul5), who proposed to distinguish between : a) the space-time 
(energy-momentum) aspects of the scattering and b) the aspects related to the in
ternal quantum numbers (which have, in their turn, to be related to the presence 
of confined constituents). Namely, they propose to describe hadron interactions by 
a pair of surfaces, a "classical" surface and a "quantum" surface. 

The classical surface has the properties previously formulated in DTU 
121 . It is 2-dimensional, orientable and bounded. Moreover, it is postulated to 
correspond to aspects of the scattering connected to the space-time continuum. 

The quantum surface, on the other hand, describes the discontinuous 
aspects of the scattering. It is the space of itnuctwwi, the space of confined 
constituents. The quantum surface is 2-dimensional, orientable and closed. The 
last property is related to the conservation of quantum numbers. One can understand 
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intuitively this relation, by taking the simplest example of a closed surface - a 
sphere. If the sphere represents an amplitude, different regions of the sphere are 
therefore associated with particles and their quantum numbers. The property of 
complete contractibility of the sphere describe the conservation of quantum numbers. 

The classical and the quantum surfaces are not disjoint : the boundary 
of the classical surface is given by its intersection with the quantum surface, 
this boundary being precisely the familiar Karari-Rosner duality graphs 151. 

Unitarity products again correspond to a connected sum of surfaces. It 
is interesting to note that the only closed surface which can reproduce itself is 
the sphere (see Fig.3). It is therefore suggested that the nonlinearity of the 
problem appears only at the level of the sphere. 

o-ao 
Fig.3 Connected sum of spheres leading to a sphere. 

A proper mathematical definition of the overall topological entropy 
index iq^ such that, under any connected sum operation, trj.r either increases or 
stays stationary has been found 15|. The proof involves the triangulation of the 
quantum surface. The triangle - the 2-dimensional simplex - naturally appears as 
the "basic" object of the present construction. 

III. A POSSIBLE DESCRIPTION OF THE QUANTUM SURFACE 
The quantum surface was first introduced in Ref.4. A tentative definition 

of ordinary and multiquark hadrons, quarks and gluons, based upon this quantum sur
face has been made in Ref.6. Finally, a complete topological expansion theory, 
involving both the quantum and classical surfaces has been formulated [ 5|. For the 
purpose of this talk we will follow here mainly the simple description of the 
quantum surface given in Ref.6. 

The hadrons have to be defined at the lowest entropy level, i.e. they 
correspond to regions of a sphere. Namely, in order to stay in the lowest entropy 
level when one consit.' "-s hadrons as intermediate states in unitarity products, the 
particles have to be associated with "discs". A "disc" (Fig.4(a))-a region of the 
sphere whose perimeter ouches itself only once- is associated with an "elementary" 
hadron, while a "non-d:---" (Figs.4(b) and 4(c))is associated with a "composite" 
(molecular) hadron (e.g. :he deuteron). The perimeter of a disc gives the "identity" 
of a hadron, being a representation of flavor indices, while the interior of a disc 
has to be related to color indices. 

It is important to note the close relationship between the notion of 
"disc" and the notion of "multiparticle channel resonance". Namely, the topological 
contraction of any collection of discs belonging to a given sector (or "channel"; 
of the "spherical" (or "ordered") Hilbert space leads utUqiuUy to a given particle 
disc. In other words, the particles belonging to the respective channel "resonate". 
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Fig.4 Example of a disc ((a)] and of non-discs ((b) and ( c ) ) . 

Here one can f i nd the very root of the physical mechanism cont ro l l ing the conver
gence of the topological expansion. 

The "bui ld ing block" of hadrons i s shown in F ig .5 . I t consists of a 
"core" t r i ang le and three "per ipheral" t r i ang les . The opposite or ientat ions of 
the core and peripheral t r iangles are needed in order to insure the overal l o r i en 
ta t ion of the quantum surface. 

Fig.5 The basic "bui ld ing block" of hadrons,consisting of three flavons and 
three chromons. 

The core t r iang le is i n i t s turn subdivided in three t r i ang les , each o f 
them being associated wi th a d i f f e ren t value of a " topological color" index 
C = ( ' i , l ' . ,y). I t i s important to note that the "topological color" index C has three 
and only three possible values, t h i s property being a consequence of the fact that 
the number of dimensions of the quantum surface is two. 

The peripheral t r i ang les , which bui ld the boundary of the disc shown i n 
Fig.5 are representations of the "topological f l avor " index F = { i , j , k , . . . } . I t can 
be shown that a proper topological character izat ion of F implies a l im i ted number 
of f lavors - e ight I 5] or even s ix I 7 ] . 

A "topological quark" w i l l be therefore represented by the conf igurat ion 
shown in Fig.6(a) and a " topological gluon" by the conf igurat ion shown in Fig.6 ( b ) . 
S t r i c t l y speaking, a quark i s not a "const i tuent" by i t s e l f , being b u i l t from other 
two topological structures : a "topological f lavan" F (F iq .é (c ) l and a " topological 
chromon" C (F ig .6 (d ) ) . One f inds here an in terest ing analogy wi th the descr ipt ion 
of quarks in the recent "Quantum Structuredynamics " (QSD) grand-unif ied theory of 
Greenberg and Sucher I 8 ) . 
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Fig.6 Topological quark (a), topological gluon (b), topological flavon (c) and 
topological chromon (d). 

Notice that none of the structures shown in Fig.6 are "discs" - they 
have incomplete (or even no) boundaries. Therefore they cannot appear as physical 
states. The topological constituents of hadrons are, by construction, confined, in 
this sense, hadrons appear as "elementary". 

By gluing together m basic discs and n anti-basic discs (i.e. of appro
priate opposite orientation) one obtains an infinite sequence of possible hadrons. 
The basic disc of Fig.5 is by itself representing an ordinary q3 baryon_(B3>. For 
m = 1 and n = 1 one obtains two possible configurations : an ordinary qq meson 
(M2 - Fig.7(a)), which is in fact a flavon-antiflavon_state, and a q'q' baryonium 
(H4 - Fig.7(b)). For m - 2 and n • 1 one obtains a qlq multiquark baryon (B5 -
Fig.7(c)), for m = 3 and n = 1 - a q6 dlbaryon (D6 - Fig.7(d)), etc. 

A topological definition of "color-singlet" state can be given [6). 
Note the existence of the "triality" property i.e., that the number of quarks 
minus the number of antiquarks is 0 (mod 3). Also, one obtains a nice connection 
between baryon number and color : the baryon number is the difference between 
the number of anticlockwise and clockwise oriented core triangles. 

IV. TOPOLOGICAL SELECTION RULES FOR MULTIQUARK STATES ORIGINATING FROM THE 
QUANTUM SURFACE 

Any multiquark state appearing on the quantum surface (see the examples 
of Fig.7) is characterized by the fact that any contiguous colors of a chromon-
antichromon pair are different (i.e. these pairs do not annihilate). This property 
is the source of "spherical" selection rules. L Namely, one can look for the different spherical decay channels of the 

multiquark states by decomposing the corresponding discs into all possible collec
tions of discs obtained by creation of flavon-antiflavon pairs. As is easily seen 



Fig.7 Ordinary meson (a ) , baryonium (b ) , q^q baryon (c) and dibaryon (d ) . 

from Fig.7 a baryonium state can communicate with a baryon-antibaryon pair 
(M. > B3B3), but not w i th a meson channel (Ity-^-JWIz). A q4q baryon can decay, e . g . , 
in to baryon-baryon-antibaryon channel ( B c - f B ^ E ^ ) but not in to a ordinary meson-
ordinary baryon channel (B5+* M9B3). A qo dibaryon decays into a 3 baryons-
1 antibaryon channel (Dg •» B3B3B3 83) but does not communicate on the sphere w i th a 
baryon-baryon channel (u j -MSiBj ) , i . e . a strangeness 0 dibaryon w i l l be weakly 
coupled w i t h , f o r example, the proton-proton channel. 

Of course, these select ion rules (which are a general izat ion of the 
fami l iar 021 ru le ) are broken in higher orders of the topological expansion. 
However, there are mul t ip le theoret ical and phenomenological indications for a 
rapid convergence of the topological expansion. Therefore, i t i s possible that these 
selection ru les f o r multiquark states (par t ic les and reggeons) are not too 
un rea l i s t i c . In f a c t , by studying the t-channel "exot ic" baryonium exchange 
( I = 2 or 3/2 or S = - 2} reactions one has already a phenomenological ind ica t ion 
of the v a l i d i t y of these select ion rules 19] . A lso, the spherical select ion ru les 
lead to a topological structure of hadron cross-sections in nice agreement wi th 
experimental data [101 . Some of the selection rules discussed here can be 
obtained in the "geometrical" mode) o f Ref. 11 . Our way of approaching m u l t i -
quark physics is also s imi lar to the s p i r i t i n which a recent QCD- inspired gene
ra l i za t i on of DTU has been done 1121. 
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One can conclude that the present study of the quantum surface indicates 
that the stability of multiquark hadrons is connected with a general mechanism : 
the non-contractibility of certain triangulation patterns. One obtains certain to
pological selection rules which can explain some paradoxical aspects of the physics 
of multiquark states. 

Multiquark hadrons must generally have, in our approach, normal widths. 
Their density is expected to be la-ge, and it follows that there is only a small 
chance of detecting them in a clear' way. The only unambiguous possibility would be 
to detect narrow multiquark states, which may appear near or below certain "topolo
gical stability thresholds" (e.g. B3B3 for baryonium, B3M4 for q^q baryons, B3B5 
for dibaryonsj. Therefore, sharp states, if they exist at all, will be those of 
lowest mass and lowest angular momentum. They are, in any case, 10/ie events. This 
conclusion 1s reinforced by the study of the classical surface. 

V. TOPOLOGICAL SELECTION RULES FOR MULTIQUARK STATES ORIGINATING FROM THE CLASSICAL 
SURFACE 

The classical surface is rigorously speaking, a bounded 3-sheeted 
2-dimensional surface, the three sheets being united by a "junction line" 15). 
However, for the purpose of the simplified presentation of this talk, it will be 
sufficient to use its projection onto a plane. I will therefore continue to use the 
familiar Harari-Rosner diagrams, but with a different meaning attached to the 
"quark lines", which represent the boundary of the classical surface. Namely, it was 
shown by Stapp [13] that the "quark lines" can be consistently associated with the 
± 1/2 spin indices of quarks (in fact, of the flavons). The quark lines do not 
describe the flow of the energy-momentum of the quarks, and this corresponds to 
the physical fact that quarks cannot be defined as asymptotic states in space-time 
(they are confined). The space-time aspects of hadron collisions are described by 
Landau graphs (see Fig.l for an examplej, each Landau arc being associated with the 
energy-momentum four vector of a particle. The Landau graphs are embedded on the 
classical surface and there are definite rules for their contraction to a single 
vertex 15). 

The general constraints at the lowest entropy can be expressed as fol
lows : 1) any singularity of the scattering amplitude corresponds to a multivertex 
Landau graph that can be contracted to a single vertex without internal loops ; 
2) any crossing of topological lines on the classical surface is forbidden. 

It can be seen that these constraints lead to severe restrictions on the 
physics of multiquark states. I will take as an illustration the baryonium case. 

The non-communication at the lowest entropy level between baryonium and 
ordinary mesons is clearly seen on the classical surface, due to the impossibility 
of avoiding crossings between the different topological lines (Fig.8). 1 also give, 
in Fig.9, two examples of possible suppressions in certain processes where recently 
it was claimed that there is no evidence for the baryonium production [141. Note 
that even the baryonium exchange processes are suppressed (Fig.lOj. 

In fact, the constraints originating from the classical surface are 
severe even for the spectrum of multiquark states. It can be shown (5,71 that a 
consistent theory can be very well built by considering only ordinary mesons, 
ordinary baryons and baryonium states. This indication throws some doubt on the 
possibility of detecting narrow multiquark hadrons other than baryonium (however, 
there can still be some broad multiquark states, e.g. dibaryons, but they will 
correspond to "molecular" hadrons). 

One cannot really know how good the above-discussed "topological 
suppressions" are before doing detailed dynamical calculations. However, the study 
of the nature of singularities associated with the higher entropy amplitudes 



Fig.B The baryonium-meson coupling via a baryon-antibaryon loop on the classical 
surface. The dashed lines indicate Landau arcs. The dotted lines indicate 
symbolically the necessity of crossing of the different topological lines. 
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Fig.9 Possible topological suppression ofbaryonium production in : 
(a) n+p » (pp)irp and (b) n"p -• (ppV)p. 



indicates the possibility of their decreasing dynamical importance [71. Therefore 
one can conclude, from the study of the classical surface, that one has a chance 
to delect multiquark hadrons only in very particular reactions, many channels being 
topological^ suppressed. The most probable candidates for narrow multiquark hadrons 
are baryonium states under the B3B3 threshold. 

M, 

B. — -

M4 

- B, 

.10 Possible topological suppression of baryonium production in processes 
involving baryonium exchange. 
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VI. COMPUTATION OF HADRON MASSES FROM THE TOPOLOGICAL EXPANSION 

We have calculated the hadron masses in the DTU framework by imposing 
duality on an inf in i te sum of ladder graphs generated from "spherical unitarity" 
1151. By making a certain simple dynamical approximation, we derived an explicit 
generic Regge-trajectory formula for any given process. By requiring simultaneous 
consistency for entire sets of processes, we were able to calculate the masses of 
ordinary and multiquark hadrons associated with the u and d quarks. The only 
arbitrary parameter is the mass of the p, which merely serves to set the mass 
scale. 

The technical details and the results of our computation can be found 
in Ref.15. Here I give just one result, concerning the beginning of the mass spec
trum for each family of hadrons (Fig.11), a result which can be of interest for 
the search for narrow multiquark states. In particular, i t is seen from Fig.11 
that the baryonium spectrum begins at a rather low mass (1.33 SeV). In fact, we 
predict the existence of four baryonium states under the NN threshold [15]. The 
lowest-mass member of the dibaryon family is at 2.18 fieV. 

I t is interesting to note that our treatment of the simultaneous consis
tency for sots of processes leads us to separate them in "bootstrap cycles". The 
f i rs t "cycle" involvino reultinuark hadrons stopped at the baryonium level. One 
thus finds again on indication that i t is not necessary to define elementary 
hadrons beyond ordinary mesons, ordinary baryons and baryonium. 
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Fig . 11 The beginning of the predicted mass spectrum for baryons and multiquark 
hadrons (Ref.15). 

V I I . CONCLUSIONS 

The topological select ion rules can explain some paradoxical aspects of 
the physics of multiquark states ( e .g . t he i r peculiar systematics in decays and 
the i r experimental elusiveness). We have to conclude that narrow multiquark hadrons 
are rare events. This is a d i s t i nc t i ve feature of the DTU approach, when compared 
with most of the bag and color chemistry models. Another d i s t i nc t i ve feature of the 
DTU theory is the predict ion of low mass and low spin narrow baryonium states, 
under the baryon-antibaryon threshold. 

By using the already developed e-gument o f quark-lepton analogy 
in DTU 151 i t w i l l be in teres t ing to search f o r the consequences of the correspon
ding topological select ion rules i n a un i f ied descr ipt ion of weak, electromagnetic 
and strong in te rac t ions . 
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