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Pentaquarks and dibaryons are natural possibilities if diquarks are used as the building blocks to assemble 
hadrons. In this short note, motivated by the very recent discovery of two pentaquark states, we highlight 
some possible channels to search for dibaryons in �b(5620) decays.
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Color antisymmetric diquarks can replace antiquarks in conven-
tional hadrons, to give conventional, but also unconventional new 
hadrons. Indeed, as for the color charge α, a quark qα is equivalent 
to an antidiquark d̄

α = [q̄q̄′]α3 , and an antiquark q̄α to a diquark 
dα = [qq′]3̄, α , as long as attraction in the 3(3̄) channels is as-
sumed.

Starting from an antibaryon, we get in first step: q̄q̄′[q1q2], 
namely a tetraquark, X, Y , Z . In the next step we obtain the pen-
taquark q̄[q1q2][q3q4].

The final step is the one in which we replace all antiquarks 
in the baryon, saturating completely with diquarks the junction 
of three colored strings represented by the antisymmetric color 
tensor, εαβγ . We obtain in this way a dibaryon, the B = 2 color 
bound alternative to the deuteron, with all its strange, charmed, 
etc., variations. It seems a reasonable possibility that tetraquarks, 
pentaquarks and dibaryons make the next layer of hadron spec-
troscopy following the first layer made by the Gell-Mann–Zweig 
baryons and mesons.

Dibaryons were envisaged by Jaffe [1] to bind 6 quarks in a 
stable 0+ flavor singlet at a mass of about 2000 MeV (called a 
H-dihyperon, later dibaryon). An early discussion based on the 
Dolen–Horn–Schmidt duality between baryon–(anti)baryon scatter-
ing and annihilation channels [2] is found in [3] and ‘baryonia’ are 
discussed in [4]. For a recent lattice QCD study of baryon–baryon 
interactions see [5].

Dibaryons at about 2 GeV have been considered in a num-
ber of papers, usually as 6-quark states in a MIT bag, see [6,7]. 
Diquarks have been used by Jaffe and Wilczek [8] to describe com-
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plex hadron structures like the (later disproved) ‘old pentaquark’. 
Hidden charm “hexaquarks” are also discussed in [9].

Along similar lines, heavy–light diquarks were introduced 
in [10] with interesting consequences for the description of the 
X(3872) meson and related X , Y and Z states as tetraquarks, with 
hidden charm or beauty [11,12]. For a review see [13]. The recently 
discovered heavy pentaquarks [14] (with masses ∼4400 MeV) are 
explained within a natural extension of this scheme [15], see 
also [16].

The lightest charmed dibaryon may be observed in �b decay, 
already a source of pentaquarks.

We start with the Cabibbo allowed decay, adding two light pairs 
from the vacuum

�b(bud) → cdū + ud + (uūdd̄)vac

that gives

�b → p̄ + [cd][ud][ud] = p̄ +D+
c

M(D+
c ) < 4682 MeV (1)

The decay of the charmed dibaryon, D+
c , may take different 

routes, according to its mass, in relation to pentaquark masses. 
The preferred decay would be by string breaking, into a baryon 
plus a pentaquark. However it is possible that this route is forbid-
den by energy conservation, even for the lightest, spin 1/2 pen-
taquarks [15]. Indeed, the known X, Y , Z , with the exception of 
Y (4630) [17], do not decay into baryon–antibaryon pairs (string 
breaking) but rather into charmonium plus meson (quark rear-
rangement). Similarly, the observed pentaquarks do not decay into 
the channels preferred by string breaking, such as X(Y ) plus pro-
ton, forbidden by energy conservation, but in the quark rearrange-
ment channel, J/� + p.
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We analyze in sequence the possible decay chains.

Decay by quark rearrangement. For analogy with the observed 
tetraquark and pentaquark decay, we put in the first line the quark 
rearrangement decays

D+
c = [cd][ud][ud] →

→ p + �0
c (→ p + �+

c + π−) or n + �+
c . (2)

Note the occurrence of �0
c in the first decay, necessary if a proton 

is required for the lack of visibility of the neutron.

Decay by string breaking. Breaking one color string by a uū pair, 
a possible decay path is

D+
c → p +P0

c (ū[cd][ud]) (3)

with the final charmed pentaquark decaying as

P0
c → �+

c + π− or P0
c → n + D0 (4)

Another experimental signature is obtained with a ss̄ pair from 
the vacuum, replacing step (3) by

D+
c → � +P+

cs̄(s̄[cd][ud]) (5)

followed by

P+
cs̄ → K 0 + �+

c (6)

Overall �b decay chains. Discarding decay channels with a neu-
tron, the interesting �b decay chain in (2) and (4) is

�b → p̄ + p + �+
c + π−, M(D+

c ) > 3364 MeV (7)

with (2) and (4) distinguished by the occurrence of a pentaquark 
resonance or of the �0

c in the �+
c π− channel.

The case (5) leads to

�b → p̄ + � + �+
c + K 0

M(D+
c ) > M(�) + M(P+

cs̄) > 3901 MeV (8)

Weak semileptonic decays. For dibaryon mass below the limit in 
(7), β-decay of the charm quark allows the dibaryon to transform 
into uncharmed baryon pairs with strangeness S = −1, 0 according 
to

Cabibbo allowed decay:

D+
c → e+ + νe + �− + p

M(D+
c ) > 2136 MeV (9)

Cabibbo forbidden decays:

D+
c → e+ + νe + �− + p

M(D+
c ) > 2174 MeV (10)

D+
c → e+ + νe + 2n

M(D+
c ) > 1879 MeV (11)

For masses below 1879 MeV the lightest charmed dibaryon is sta-
ble.
If diquarks are good building blocks to assemble hadrons, the 
missing structures to discover, after pentaquarks and tetraquarks, 
are dibaryons. At the LHCb, the lightest charmed dibaryon maybe 
searched in �b decays: (i) in the mass range 4682 MeV >

M(D+
c ) > 3364 MeV, among the particles recoiling against an an-

tiproton as indicated in (7), or, (ii) in the range 3364 MeV >

M(D+
c ) > 1879 MeV, searching for weakly decaying particles, see 

(9)–(11), with the typical lifetime of charmed particles.
We are aware that tetraquark and pentaquark states identified 

until now all involve heavy quark flavors and that systematically 
replacing qα → d̄

α
in light systems will give rise to exotic mesons 

and baryons never clearly identified. If this is due to experimental 
reasons, such as too large widths, or to peculiarities of the strong 
interaction forbidding the binding of the light ‘bad diquarks’ under 
certain circumstances, will need a closer examination.
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