
陈 伟
中 ⼭ ⼤ 学

Newly observed 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)++/	𝟎 resonance  

as a 𝒄𝒖𝒅0𝒔$/𝒄𝒅𝒖0𝒔$ tetraquark state

第四届重味物理与量⼦⾊动⼒学研讨会 长沙

Based on: Wei Chen, Hua-Xing Chen, Xiang Liu, T. G. Steele,
Shi-Lin Zhu, Phys. Rev. D95, 114005 (2017)



Outline

2

Ø Exotic hadrons and fully open-flavor tetraquarks

Ø Method of the QCD sum rules

Ø Mass predictions of 𝒄𝒖𝒅0𝒔$ and 𝒄𝒅𝒖0𝒔$ tetraquarks

Ø Summary



Quark model and exotic hadrons
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Exotic hadron configurations
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Searching for exotica
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Fully open-flavor tetraquarks

D0 reported the X(5568) in 𝑩𝒔𝟎𝝅± (𝒃𝒖𝒅0𝒔$/𝒃𝒅𝒖0𝒔$) final states in 2016, 

and confirmed it later in the 𝑩𝒔𝟎 semileptonic decay process.

PRL117, 022003 (2016)

Not confirmed by CDF, LHCb and CMS!

PRL117, 022003 (2017)

𝒃𝒖𝒅0𝒔$/𝒃𝒅𝒖0𝒔$

𝑩𝒔𝟎 → 𝝁𝑫𝒔𝑿
𝑩𝒔𝟎 → 𝑱/𝝍𝝓
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𝑿𝟎(𝟐𝟗𝟎𝟎) and 𝑿𝟏(𝟐𝟗𝟎𝟎)

LHCb reported 𝑿𝟎(𝟐𝟗𝟎𝟎) and 𝑿𝟏(𝟐𝟗𝟎𝟎) in the 𝑫=𝑲+ channel in 
2020 with spin-0 and spin-1, respectivley.

PRD102,112003(2020);
PRL125, 242001 (2020)

They are candidates for cs𝒖0𝒅0 states with four different flavors!
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𝑫𝒔𝟎∗ (𝟐𝟑𝟏𝟕) and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)

PRL90, 242001 (2003)

Are they 𝒄𝒔$ mesons or 𝒄𝒖𝒖0𝒔$ tetraquarks?

BABAR CLEO

PRD68, 032002 (2003)
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LHCb: 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)++ and 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)𝟎

From Norella and Chen’s slides
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Fully open-flavor tetraquark candidates

Ø 𝑿(𝟓𝟓𝟔𝟖): 𝐵𝑠0𝜋±	(𝑏𝑢�̅��̅�). Its existence is not confirmed!

Ø 𝑿𝟎/𝟏(𝟐𝟗𝟎𝟎) : 𝐷−𝐾+(𝑐𝑠𝑢$�̅�) with four different flavors of

valence quarks. Hadron molecules or compact tetraquarks?

Ø 𝑫𝒔𝟎∗ (𝟐𝟑𝟏𝟕) and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎): 𝐷𝑠
∗ +𝜋0 (𝑐�̅� or 𝑐𝑢𝑢$�̅�? )

Ø 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)++,𝟎: 𝐷𝑠+𝜋+(𝑐𝑢�̅��̅�) and 𝐷𝑠+𝜋−(𝑐𝑑𝑢$�̅�) with I(𝐽𝑃) =

1(0+). The doubly-charged meson must be exotic! It is a

very good candidates for 𝑐𝑢�̅��̅� compact tetraquark.

Ø Our previous prediction on the existence of 𝑇[\̅]^ (2900)++,].



QCD sum rules
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QCD sum rules
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Fully open-flavor tetraquark currents:
Considering only S-wave diquarks



Projectors to pick out the invariant functions：

where

trace part

traceless
symmetric part

cross term
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𝒔𝒅𝒖0𝒄$	 fully open-flavor tetraquarks:

Wei Chen, Hua-Xing Chen, Xiang Liu, T. G. Steele,
Shi-Lin Zhu, Phys. Rev. D95, 114005 (2017)

𝑱𝟐(𝒙) with 𝑱𝑷 = 𝟎+

𝑴𝑿 = 𝟐. 𝟗𝟏 ± 𝟎. 𝟏𝟒 	𝐌𝐞𝐕

in excellent agreement with 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)++,𝟎!
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Wei Chen, Hua-Xing Chen, Xiang Liu, T. G. Steele,
Shi-Lin Zhu, Phys. Rev. D95, 114005 (2017)

𝒔𝒅𝒖0𝒄$	 fully open-flavor tetraquarks:
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Suggested to search for exotic doubly-charged tetraquarks

in 𝑫𝒔
(∗)𝝅 final states

Predicted the existence of 𝑻𝒄𝒔$𝟎𝒂 (𝟐𝟗𝟎𝟎)++,𝟎 before their observation!



Summary
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Ø Recently, LHCb reported 𝑇𝑐�̅�0𝑎 (2900)++ and 𝑇𝑐�̅�0𝑎 (2900)0 in the

Dsπ final states, containing four different flavored quarks;

Ø The first observed doubly-charged exotic hadron since 2003;

Ø We have calculated the masses of the open-flavor 𝑐𝑢�̅��̅� and

𝑐𝑑𝑢$�̅� tetraquarks in 2017, in which one of our results is in

excellent agreement with 𝑇𝑐�̅�0𝑎 (2900)++ and 𝑇𝑐�̅�0𝑎 (2900)0;

Ø We have suggested to search for doubly-charged tetraquarks in

𝐷𝑠
(∗)𝜋 final states;

Ø It is necessary to reproduce their decay widths in compact

tetraquark configuration!
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