
2 1. Naming scheme for hadrons

Table 1.1: Symbols for mesons with strangeness and heavy-flavor quantum numbers
equal to zero.

JPC =


0−+ 1+− 1−− 0++

2−+ 3+− 2−− 1++
...

...
...

...

minimal qq content

ud, uu− dd, du (I = 1) π b ρ a

dd+ uu

and/or ss

}
(I = 0) η, η′ h, h′ ω, φ f, f ′

cc ηc hc ψ† χc
bb ηb hb Υ χb
I = 1 with cc Pc Zc Rc Ac

I = 1 with bb Pb Zb Rb Ab

†The J/ψ remains the J/ψ.

Table 1.1 shows the names for mesons having strangeness and all heavy-flavor quantum
numbers equal to zero. The rows of Table 1.1 give the minimal qq content. The columns
give the possible parity/charge-conjugation states,

PC = −+, +−, −−, and ++ .

Within the quark model these combinations correspond one-to-one to the angular-
momentum state 2S+1LJ of the qq system being

1(L even)J , 1(L odd)J , 3(L even)J , or 3(L odd)J ,

respectively. Here S, L, and J are the spin, orbital, and total angular momenta of
the qq system. Within the naive quark model the quantum numbers are related by
P = (−1)L+1, C = (−1)L+S , and G parity = (−1)L+S+I , where the quantum number C
is only relevant to neutral mesons without flavor quantum numbers (zero S, C, B, and T )
and G extends to isovector mesons, see the review on the quark-model. These expressions
impose restrictions on the quantum numbers that are allowed and do not apply to more
complicated structures such as tetraquarks.

Table 1.1 lists the meson names. The spin J is added as a subscript except for
pseudoscalar and vector mesons, and the mass is added in parentheses for mesons that
decay strongly. However, for some of the familar mesons (e.g. the pseudoscalar π, η, K,
D and B ground state mesons) we omit the mass.

Measurements of the mass, quark content (where relevant), and quantum numbers I,
J , P , and C (or G) of a meson thus determine its symbol. Conversely, these properties
may be inferred unambiguously from the symbol. The name X is used for states with yet
unknown quantum numbers.
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With u, d and s quarks there are two isospin 0 mesons. A prime is used to distinguish
one from the other (e.g. η and η′). Vector mesons decoupling to uu + dd and ss (ideal
mixing) are labeled ω and φ, respectively. As usual we apply the spectroscopic names such
as Υ (1S) as the primary name for most of those ψ, Υ , and χ states whose spectroscopic
identity is known. We use the form Υ (9460) as an alternative, and as the primary name
when the spectroscopic identity is not known.

Since the top quark is so heavy that it decays too rapidly to form bound states, no
name is assigned for structures like t̄t.

Mesons with quantum numbers JPC = 0−−, 0+−, 1−+, 2+−, 3−+, etc. cannot be qq.
For these “exotic” mesons we use the same symbols as for qq mesons. For example,
an isospin-0 1−+ meson containing only u, d and s quarks would be denoted η1. The
exotic nature of the meson can be inferred from its quantum numbers.

The last two lines of Table 1.1 list isospin 1 states that also contain heavy
quark–antiquark pairs. Since those states cannot be simply qq states, we had to
assign new names. The currently I = 1 states in the heavy quarkonium sector have
quantum numbers JPC = 1+− and the proposed scheme keeps their original names Z.

1.3. Remarks on “neutral-flavor” mesons with hidden charm or
bottom not classified as qq

In the heavy quark sector there are several states with properties such as masses,
decay patterns and widths which are in disagreement with predictions from the naive
quark model. (For example, the vector state at 4260 MeV does not decay into DD̄,
although within the naive quark model its quantum numbers would call for this
decay channel to be dominant.) In the recent literature these states are called X, Y
or Z with their masses added in parentheses. However, this nomenclature conflicts
with the rules outlined in the previous section since the meson names are not related
to their quantum numbers. On the other hand, they have properties in conflict with
the naive quark model and therefore deserve some special labeling.

Therefore in the Review of Particle Physics we will keep two names (as is already
done for the ‘f0(500) or σ’), one that carries the quantum number information and
the other the original name. Thus, in the Listings as well as Summary Tables from
the 2016 edition onwards (listed are only the particles that appear in the summary
tables),

• X(3872) will appear as ‘χc1(3872) or X(3872)’;

• X(3900)± will appear as ‘Zc(3900)±’;

• X(4260) will appear as ‘ψ(4260) or Y (4260)’;

• X(4360) will appear as ‘ψ(4360) or Y (4360)’;

• X(4660) will appear as ‘ψ(4660) or Y (4660)’;

Especially the names Zc and Zb used in the literature for isovector states in the c̄c
and b̄b sector, respectively, will now be also the official PDG names. With P , R and
A provision is also given in Table 1.1 for quantum numbers for which confirmations
are not available yet.
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