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LHCb Scheme Table 4: Superscripts added to indicate isospin, and (where appropriate) parity and G-parity in
the exotic hadron naming scheme.
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zero net S, C, B non-zero net S, C, B

(P,G) I = 0 I = 1

(�,�) ! ⇡
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(+,+) f b

(+,�) h a
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(+) f ✓ a
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only be applied where the ss̄ content is clear. It must be stressed that this reuse of
the symbols for vector mesons conveys information only about the quark content,
not about their arrangement or other quantum numbers.

6. Subscripts b, c and s are added to denote open flavour quantum numbers. These
should be in order of mass, where more than one is needed, and can be repeated
if necessary. They indicate the quark content, rather than the flavour quantum
number. If only one such symbol is needed, it should always be that of the quark (b,
c, s) rather than the antiquark (b̄, c̄, s̄). If more than one is needed, the symbols can
be those of quark or antiquark but the first should always be a quark. If subscripts
are needed to indicate both hidden and open flavour, the symbols for hidden flavour
should appear first.

7. For T states an additional subscript should be added to indicate the spin J , while
for P states, the spin-parity should be added after the name. These labels are thus
added in the same way as in the current naming schemes for mesons and baryons,
respectively. This information is omitted when it is not yet known.

8. For neutral T states with open flavour quantum numbers, the particle and antiparticle
are distinguished by the addition of an overline to the latter. The “particle” is
chosen to be that with the quark content specified in the subscript.4 Overlines are
never used for charged T states, as in the current scheme for mesons. P states with
baryon number +1 (�1) are always written without (with) an overline, as in the
current scheme for baryons.

9. For all hadrons the mass, in units of MeV/c2, should be added in parentheses, and
the charge superscript should be added where appropriate.

10. In practice it is anticipated that some labels will be omitted where they are considered
unnecessary.

5 Impact on discovered and hypothetical new states

The impact on various recently discovered hadrons is summarised in Table 5. As stated
previously, there is no change for any hadron with quantum numbers that are consistent

4The choice of which neutral meson is particle and which is antiparticle does not have any physical
significance, it is simply whether the symbol does not or does include an overline.
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case ii:  T states with nonzero S, C, or B
(a) superscript for I and P
(b) subscript for J

case iii:  P states
(a) superscript for I
(b)  appended lastJP

becomes
Zcs(4000)+ → K+J/ψ

Tθ
ψs1(4000)+

becomes
Pc(4312)+ → pJ/ψ

PN
ψ (4312)+JP

Modified Scheme

(a) superscript for 
(b)  appended last

2I + 1
JP(C)

all cases: 

becomes
Zc(3900)+ → π+J/ψ

T3
ψ(3900)+1+−

becomes
Zcs(4000)+ → K+J/ψ

T2
ψs(4000)+1+

becomes
Pc(4312)+ → pJ/ψ

P2
ψ(4312)+JP

T/P 2I+1
quarks (mass)q JP(C)



Two More Possible Modifications

2

1.  Replace the subscripts  and  with  and  for better symmetry in names. 
        For example, replace  and   with   and .

2.  Don’t include  content in the naming scheme.
        For example, don’t change the name of the  molecule candidate, which includes .

ψ Υ cc̄ bb̄
Tψ Tcc Tcc̄ Tcc

ss̄
f0(980) ss̄
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Figure 5. Left panel: 〈Y 0
0 〉 fitted using the strange S-wave with constant subtraction polynomial

for two different phase inputs (red, solid: B+O input [20–22], green, dotted: DP input [50], based on
the Madrid–Kraków analysis [19]). Right panel: comparison of the phase of the strange scalar pion
form factor for the B+O (blue, dashed) and DP (red, solid) input, respectively, with the S-wave
phase extracted from the LHCb analysis (Solution I and II, shown with error bands).

The strange scalar form factor, or the f0(980) peak in the dispersive formalism, depends

crucially on the ππ → KK̄ S-wave transition amplitude, which is not as accurately known

as elastic ππ scattering (and even contains subtleties as non-negligible isospin breaking

effects due to the different thresholds of charged and neutral kaons, see e.g. Ref. [60]). As

there are no error bands available for the Omnès matrix (or the various input quantities),

to estimate the theoretical uncertainty we use and compare the fits resulting from the two

different coupled-channel T -matrices described in Sec. 3. A minimization of the χ2 using

the modified Omnès solution based on Ref. [50] yields χ2/ndf = 3.4 (2.4) and cs0 = 18.3 ±
0.5 (18.2 ± 0.5).3 The resulting 〈Y 0

0 〉 curves for both fits, using the phase input from the

Bern [20, 21] and Orsay [22] groups (B+O), as well the one of Ref. [50] (DP), are presented

in Fig. 5. Furthermore we show the phase shifts and the phases of the strange form factor

for both phase inputs and compare to the LHCb phase due to Solution II (with f0(980)

and a non-resonant S-wave contribution) as well as Solution I (f0(980) parametrization

only). While the latter phase has a negative slope for s ! 1 GeV, which does not agree

with the known phase shift, the phase extracted in Solution II is remarkably close to both

the Bern and Madrid phase motions.

4.3 B̄0
s
→ J/ψK+K− S-wave prediction

Having obtained the B̄0
s → J/ψπ+π− fit parameters, we can make a prediction for the

B̄0
s → J/ψK+K− S-wave amplitudes, using the relation between the ππ and the KK̄ final

states provided by the coupled-channel formalism, cf. Appendix B.4

3 A similar procedure for the B̄0
d decay has a rather small effect since the S-wave is not dominant in that

case, and the difference of the P -wave phase of Refs. [19–21] is quite small (the S- or P -wave phase

modification yields, in the most perceptible cases, a 4% correction of the χ2).
4 In the case of the B̄0

d → J/ψK+K− decay [61], the prediction of the S-wave does not work in such a

direct way due to the I = 1 S-wave contribution (with a prominent a0(980) resonance) in addition to f0
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B̄0
s → f0(980)J/ψ → π+π−J/ψ


