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Considering quantum chromodynamics in the consistent tiisimultaneousorrelatedincrease

of the number of colour$\, beyond bounds and decrease of the strong coupling to 2evesdbr
solid statements about qualitative features of the cla4swdy exotic” tetraquark mesons carrying
four mutually distinct quark flavours. Consistency criéegktracted from correlation functions for
two-ordinary-meson scattering suggest the existence of than one such tetraquarks, at least, of
two tetraquarks of identical quark-flavour content andddxg behaviour of the total decay widths
but differing in, and hence discriminable by, their predoanit decay modes into two conventional
mesons. This pairwise appearance is in conflict with theusnigriant of such a four-quark bound
state arising from the binding diquarkandantidiquarkto a tetraquark by the strong interactions.
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1. Approach to Non-Conventional Hadrons: Multiquark Hadro ns in Large-N. QCD

Quantum chromodynamics, the quantum field theory of thegtiteractions, does not forbid
the formation of hadrons (colour-singlet bound states afkgiand gluons) other than conventional
quark—antiquark mesorig q) and three-quark baryorigqg), viz., of exoticmultiquarkstates such

as tetraquarkqqqq), pentaquarkggqqq, and hexaquarkgqqqqq or (4gqgqqq hadron states.
The prospects for such exotics have been studied since1png/E focus to the case of tetraquarks.
The framework of our analysis is a generalization of quarthnomodynamics (QCD) dubbed
largeN. QCD [2]: a gauge theory relying on the gauge grougSY), with all quarks transforming,
by assumptionaccording to th&l.-dimensional, fundamental representation of 8Y), considered
in the limit N — oo, with the strong coupling parameteg, behaving likegs [ 1/NC1/2. In that limit,
QCD catches the main properties of confinement, while gesiimplified with respect to secondary
complicationsge.g, inelasticity or screening effects/N plays the rdle of a perturbative parameter.
The theory’s predictions are easily deduced [3]: the spatts saturated by an infinite tower of free
stable mesons with masses of or@NY?), three-meson interactions behave Iergél/ 2 four-meson
interactions likeN; 1, and meson decay rates likg't. So, in the limitN, — o all mesons are stable,
which is one of the main features of confinement. Can we dsiiw#ar predictions for tetraquarks?
At largeN, adopting the two-point correlators of colour-singletdguark and ordinary-meson
currents, the propagation of a tetraquark becomes equoival¢hat of two free ordinary mesons [4]:

S . — Ng—00 . . . .
TO=@A99(x), i0=@P) = (TET) =" (i(0i(0)(i()j'(0)).
Tetraquark poles thus cannot appear at leading order bupopayp at subleading orders and might
be observable if their widths turn out to be narrow; the taite expected to fall off liké; 2 [5-10].

2. Tetraquarks of Flavour-Exotic Quark—Antiquark Composition: Line of Approach

We are particularly interested in flavour-exotic tetragggabound states of two quarks and two
antiquarks involving four different quark flavours, her@ggcally denoted 2,3,4 € {u,d, s, c, b}.

We extract basic features of tetraquarks from their appearas poles in the amplitudes for the
scattering of two ordinary mesons into two ordinary mesgrarbinvestigation [9—-11] of four-point
Green functions of colour-singlet quark-bilinear cursgisierving as meson interpolating operators.
Identifying spin and parity as irrelevant fqualitativeanalyses, such a currejt, generically reads

jaquaQb7 a7b:1a273747

and couples to an ordinary mesgig, = (4, 0p) With strengthfy,,, of known largeN. behaviour [3]:

(0japMab) = fyy . iy ONG/2.

Consistency requires us to inspect all channels with piaiegatraquark poles, by use of the currents

j12=0102, ]34 =03, j14=10,04, j32=0302 -

In order to ascertain that a given QCD diagram may contaitrafeark contribution in form of
a pole term, we have to ensure that it receives a four-quarkibation to itss-channel singularities,
in addition to gluon singularities that do not modify thaagiiam’sN. behaviour. If this tetraquark is
composed of two quarks and two antiquarks with masge$ = 1, 2, 3,4, each diagram in question
should develop, as a function of the Mandelstam varialkdgfour-particle branch cut, starting at the
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branch poins= (my +my+mg+my)? [9,10]. The latter's existence can be easily checked by fise o
the Landau equations [12]. Diagrams that exhibistanannel singularity at all or only two-particle
(quark—antiquark) singularities cannot contribute toftmenation of tetraquarks &{.-leading order
and thus should not be taken into account fortlgdoehaviour analysis of any tetraquark properties.
With regard to the allocation of the four unequal quark flagan initial- and final-state mesons, we
encounter two types of scattering reactioriz, “direct” processes, where the flavour distribution is
preserved, and “recombination” processes, where the flaistibution undergoes rearrangement:

M1s+ M3g — M1o+ May (direct channel I)
M1a+ M3z —> M1g4+ M3o (direct channel ||)
M1+ M34 — M1s+ Mso (recombination channel)

For both of the “direct” reactions, we scrutinize [9—11] th® four-current Green functions (Fig. 1)
di T di N
M = (T(e2isaiblite) . T = (T(uaisilil) -

Only Feynman diagrams of the categories represented by gmay receive contributions from a
tetraquark; the larg&l. behaviour of the two sefsotentiallysupporting tetraquarks (T) is the same:

di di
My =0y, iy =0N).
Likewise, for the “recombination” reaction we study [9—11¢ four-current Green function (Fig. 2)
r(recomd = (T (j12jaa14ids)) -
Only Feynman diagrams of the type of Fig. 2(c) may have tetidqgpoles, behaving at lardg like
ree™ = o).
Since the largeN. behaviours of the pole contribution to direct and recomidmecorrelators differ,
MY =oMg). Y=oy, e —omgY,
reproducing [9,10] these lardé-findings (Fig. 3) requires (at least) two tetraquarks, $aandTg,
with different couplings to the ordinary-meson pairs andtesl transition amplitudes behaving like
A(Ta <— M1aMag) = O(NGY),  A(Ta +— M14Msp) = O(N;2) |
A(TB — M12M34) = O(Nc_z) , A(TB — M14M32) = O(N_l) .

C

j12 <>jIQ j12 jIQ
j34 <>.7§4 j34 j§4

Figure 1: Examples of the (a) leading and (b) subleading Feynmanaiiagjfordirect Green functionﬁ,(d")
[10, Fig. 1]; similar Feynman diagrams exist ftirect Green functionﬁl(ld'r). Curly red lines indicate gluons.
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Figure 2: Typical representatives of the (a) leading or (b,c) subleaBeynman diagrams foecombination
Green function§ ("¢c°™) [10, Fig. 2(a,b,e)]; as in Fig. 1, curly red lines indicateeimal exchanges of gluons.
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My, My,
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Ml? M14 M12 M14
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Figure 3: Meson—-meson scattering amplitudiis:leading contributions at two tetraquark poles [10, Fig. 7]

From theNq-leading tetraguark—two-ordinary-meson transition amgés, the decay widths of our
pair of tetraquarksTa andTg, exhibit the same larghl, behaviour and are definitely narrow [9—-11]:

F(Ta)=0(N;?),  T(Te)=O0(N;?).

The above outcome and the colour structure of the interrteegiates in the Feynman diagrams
allow us to offer an educated guess onftheour structureof each of the tetraquarkia andTg [10].
Specifically, colour exchange between the quarks charaesathe intermediate states. This hints at

Ta~ (0104) (T302) T ~ (T102) (T3 04) -

3. Implications and Conclusions: Doubtful Existence of Flaour-Exotic Tetraquarks

These insights tend to favour a singlet—singlet colouicsine (Fig. 4) of the two flavour-exotic
tetraquark companions, perhaps with mixings of ofdgt/N;) of the two configurations [10]. The
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Figure 4: Formation of tetraquarks: two-ordinary-meson (left) iguérk—antidiquark (right) configuration.

mutual interactions of the two colour-singlet clustersrayéonger confining: the four-quark system
is no longer compact but resemblesalecularstate. Compact multiquarks result from tliquark
mechanism (Fig. 4) [13—-15]: Confining interactions bindbeminonsinglet diquark and antidiquark
clusters to compact states; attractiveness compels digjt@form in the sole colour-antisymmetric
representation. That uniqueness is at odds witiNtheriven need for two unequal tetraquarks [11].
Hidden dynamical mechanisms [16,17] can avoid quark—aatlgover diquark forces’ dominance.
Molecular-like tetraquarks are tougher: Typical effeetimeson—meson couplings are of orgt.
Thus, bound-state or resonance formation requires to sagnains of differeni; behaviours [18]
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