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Tetraquarks

Mesons build from two quarks and two antiquarks

T = [q1q2][q̄3q̄4]

Experimentally known candidates:

a0(980) — [qs][q̄s̄]?

X (3872) etc. — [qc][q̄c̄]?

Zb(10610), Zb(10650) — [qb][q̄b̄]?

Could there be tetraquarks build from four heavy quarks?

[QQ][Q̄Q̄]
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General properties

Do not fit into usual quarkonia scheme

X (3872) → J/ψρ, X (3872) → J/ψω

Lie near threshold of double production of usual mesons

M[Zb(10650)]−M[Υ(4S)] = 71 MeV

Decay mainly into these mesons

X (3872) → J/ψω, Zb(10650) → Υ(2S)π

Small widths
Γ[X (3872)] ≈ 2.3 MeV
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Spectroscopy
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Diquark model

Bound state of two almost pointlike diquarks

Color structure

(Q1Q2Q̄3Q̄4) = [Q1Q2]3̄c
[Q̄3Q̄4]3c + [Q1Q2]6c [Q̄3Q̄4]6c

6c ⊗ 6c — repulsive,

3c ⊗ 3̄c — attractive

Schroedinger equations

[
− 1

2mQ
∇2 +

1

2
V (r)

]
Ψdiq(r) = δEdiqΨdiq(r)

[
− 1

2mdiq
∇2 + V (r)

]
ΨT (r) = δETΨT (r)
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Tetraquark states can be characterized by total and diquark spins

|J;S12,S34〉
or total spin and P-, C -parities

|JPC 〉

∣∣0++
〉

= |0; 0, 0〉 ,
∣∣∣0++′

〉
= |0; 1, 1〉 ,

∣∣1+±〉
=

1√
2

(|1; 0, 1〉 ± |1; 1, 0〉) ,
∣∣∣1+−′

〉
= |1; 1, 1〉 ,

∣∣2++
〉

= |2; 1, 1〉

After spin-spin interation theses states mix with each other
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Splitting

Spin-spin interaction hamiltoinan

H = M0 + 2
∑

i<j

κij(SiSj)

κij can be determined from wave function R(0)

[QQ]

κij =
2αs

9mQmQ
|R[QQ](0)|2

R[QQ](0) from Schroedinger equation

(Q = barQ)

κij =
4αs

9mQmQ
|R[QQ](0)|2

R[QQ](0) from Γ(V → ee) or MV −MP
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T4Q

In the case of identical quarks only Sdiq = 1 is possible

M
(
0++′

)
= M0 + κ12 − 2κ+,

M
(
1+−′

)
= M0 + κ12 − κ+,

M
(
2++

)
= M0 + κ12 + κ+.

where
κ+ = 2κ(QQ̄)
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T4c

5.966 GeV È0++’
\

6.051 GeV
È1+-’

\

6.223 GeV
È2++\

2J�Ψ

2Ηc

Only tensor state
lies above 2J/ψ
production
threshold
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T4b

18.75 GeV
È0++’\

18.81 GeV
È1+-’\

18.92 GeV È2++\
2UH1SL

2Ηb

All states are below
2Υ threshold

A.V. Luchinsky Institute for High Energy Physics, Protvino, Russia

Tetraquarks



Tetraquarks Spectroscopy Production Conclusion

1++, 2++

M
(
1++

)
= M0 − κ12 − κ−, M

(
2++

)
= M0 + κ12 + κ+

0++

H

[ |0++〉∣∣∣0++′
〉

]
=

[
M0 − 3κ12 −√3κ−
−√3κ− M0 + κ12 − 2κ+

][ |0++〉∣∣∣0++′
〉

]
,

1+−

H

[ |1+−〉
|1+−′〉

]
=

[
M0 − κ12 + κ− κ13 − κ24

κ13 − κ24 M0 + κ12 − κ+

] [ |1+−〉
|1+−′〉

]
.

κ± = κ(bc̄) ±
(
κ(bb̄) + κ(cc̄)

)
/2
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T2[bc]

12.36 GeV
È0++a \

12.47 GeV È0++b \

12.42 GeV
È1+-a \

12.49 GeV È1+-b \
12.49 GeV È1++\

12.57 GeV
È2++\

2Bc

J�ΨUH1SL Only tensor state
lies above J/ψΥ
and 2Bc thresholds
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Production
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General remarks

gg → 2diq

Below 2ΞQQ production threshold diquarks can hadronize into

light mesons, 4 heavy mesons

2 quarkonia

Tetraquark (with subsequent decay into 2 quarkonia)
Duality relation

ST =

2MΞQQ∫

2MQ

dmgg σ̂[gg → T → 2Q] = ε

2MΞQQ∫

2m[QQ]

dmgg σ̂(gg → 2diq)

ε < 1

σ̂(gg → T4c → 2Q) =
ST√
π∆

exp

{
− (mgg −MT4c )

2

∆2

}
,
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gg → T4Q → 2V

For T4c only |2++〉 is above 2J/ψ production theshold
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For T4b all tetraquarks are below 2Υ(1S) threshold
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gg → T2[bc] → 2Q
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Conclusion

Spectroscopy of T4c = [cc][c̄ c̄], T4b = [bb][b̄b̄] and
T2[bc] = [bc][b̄c̄] is considered

Tensor T4c can be observed in 2J/ψ mass distribution

Tensor T4b lies below 2Υ threshold

Tensor T2[bc] can be observed in 2Bc or J/ψΥ distributions

Thank You for Your attention
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