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Introduction
n In 2020, LHCb reported the observation of a charmed 

tetraquark 𝑇!"#∗ 2870 # in                                            
𝐵% → 𝐷%𝑇!"#∗ 2870 #, 𝑇!"#∗ 2870 # → 𝐷& 𝐾% decay 

n The minimal quark content for 𝑇!"#∗ 2870 # : 𝑐𝑠-𝑢�̅�
n In 2022, two more charmed tetraquarks, namely 
𝑇!"̅#∗ 2900 # and 𝑇!"̅#∗ 2900 &&, are reported by LHCb in 
-𝐵# → 𝐷# 𝐷"%𝜋& and 𝐵% → 𝐷& 𝐷"% 𝜋% decays.

n They have quark contents, 𝑐𝑑�̅�-𝑢 and 𝑐𝑢�̅��̅�.
n These three states are flavor exotic states (FES).
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Introduction
n We will study the decays of heavy mesons to these 

charmed tetraquark states (T ). 
n As a direct calculation of the decay amplitudes is too 

complicated, we will make use of a topological 
amplitude approach, which has been applied to many 
heavy meson decays (including pentaquark final states)

n A study along this line was done in 2022 by Qin, Qiu 
and Yu (QQY).
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Introduction
n We will consider two scenarios, where 𝑇 = 𝑇!([*(! *(!!]

(antisym. antiquarks)  or  𝑇 = 𝑇!({*(! *(!!} (sym. antiquarks)
n We will first obtain the 𝑇 → 𝐷𝑃 and 𝐷𝑆 strong decay 

amplitudes by decomposing them into several TA
n Weak decay amplitudes of 𝐵 → 𝐷 𝑇 , 𝐷 𝑇 and 𝐵 → 𝑇𝑃, 𝑇𝑆

decays will also be decomposed topologically.  
n In addition, 𝐵!% → 𝑇𝑇 decays will also be discussed. 
n Using these results, modes with an unambiguous exotic 

interpretation in flavor will be highlighted.
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Scenario I  ( 𝑇 = 𝑇!"[ $"! $"!!]) 

I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

n [-𝑞. -𝑞..] (antisym.) is a 𝟑
n 𝟑⊗ 𝟑 = 𝟔⊕ <𝟑
n Isotriplet, 

isodoublet, 
singet in 6 (traceless)

n Four flavor exotic states 
n Three for 𝑇!"̅#∗ 2900 #, 
𝑇!"̅#∗ 2900 && and 
𝑇!"#∗ 2870 #

n The other one is new 5
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Scenario II (𝑇 = 𝑇!"{ $"! $"!!}) 
n {-𝑞. -𝑞..} (sym.) is a 𝟔
n 𝟑⊗ 𝟔 = 15 ⊕ <𝟑
n Isodoublet, 

isotriplet, isosinglet, 
iso-quartet, isodoublet,        
isotripet in 𝟏𝟓 (traceless)

n Twelve flavor exotic 
states (FES)

n Three FES have not 
been discussed 6
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𝑇 → 𝐷𝑃 decays

T

c

q̄j

qi

q̄k

c

q̄j

qi

q̄k

D

P

n 3 topological amplitudes 
(TA)

n Subscripts denote 
mesons receiving light 
(anti) quark of T

n F: fall apart
n AC: annihilation-creation
n Only one contributes to 

flavor exotic states 
(traceless)

n Highly related
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TABLE III: T ! DP decay amplitudes in scenario I, with T = Tcq[q̄0q̄00].

# Mode A(T ! DP ) Mode A(T ! DP )

1⇤ T++
cs̄ ! D+K+ FDP T++

cs̄ ! D+
s ⇡

+ �FDP

2⇤ T+
cs̄ ! D0K+ 1p

2
FDP T+

cs̄ ! D+K0 � 1p
2
FDP

T+
cs̄ ! D+

s ⇡
0 FDP

3⇤ T 0
cs̄ ! D0K0 FDP T 0

cs̄ ! D+
s ⇡

� �FDP

4⇤ T 0
cs ! D0K

0
FDP T 0

cs ! D+K� �FDP

5 T+
c ! D0⇡+ 1p

2
FDP T+

c ! D+⇡0 � 1
2FDP

T+
c ! D+

s K
0 � 1p

2
FDP T+

cuūd̄
! D+⌘ � c�0+

p
2s�0

2 FDP

T+
c ! D+⌘0

p
2c�0�s�0

2 FDP

6 T 0
c ! D0⇡0 � 1

2FDP T 0
c ! D+⇡� �FDPp

2

T 0
c ! D+

s K
� 1p

2
FDP T 0

cdūd̄
! D+⌘

c�0+
p
2s�0

2 FDP

T 0
c ! D+⌘0 �

p
2c�0�s�0

2 FDP

7 T 00+
c ! D0⇡+ 1p

2
(FDP + 2ACP ) T 00+

c ! D+⇡0 � 1
2 (FDP + 2ACP )

T 00+
c ! D+

s K
0 1p

2
(FDP + 2ACP )

T 00+
c ! D+⌘

c�0+
p
2s�0

6 (FDP + 2ACP ) T 00+
c ! D+⌘0

s�0�
p
2c�0

6 (FDP + 2ACP )

+
p
2s�0�2c�0

3 (FDP �ACP � 3ACP ) �
p
2c�0+2s�0

3 (FDP �ACP � 3ACP )

8 T 000
c ! D0⇡0 1

2 (FDP + 2ACP ) T 000
c ! D+⇡� 1p

2
(FDP + 2ACP )

T 000
c ! D+

s K
� 1p

2
(FDP + 2ACP )

T 000
c ! D0⌘

c�0+
p
2s�0

6 (FDP + 2ACP ) T 000
c ! D+⌘0

s�0�
p
2c�0

6 (FDP + 2ACP )

+
p
2s�0�2c�0

3 (FDP �ACP � 3ACP ) �
p
2c�0+2s�0

3 (FDP �ACP � 3ACP )

9 T 00+
cs̄ ! D0K+ 1p

2
(FDP + 2ACP ) T 00+

cs̄ ! D0K+ 1p
2
(FDP + 2ACP )

T 00+
cs̄ ! D+

s ⌘ � c�0+
p
2s�0

3 (FDP + 2ACP ) T 00+
cs̄ ! D+

s ⌘
0

p
2c�0�s�0

3 (FDP + 2ACP )

+
p
2s�0�2c�0

3 (FDP �ACP � 3ACP ) �
p
2c�0+2s�0

3 (FDP �ACP � 3ACP )

up to a sign. As one can infer from Table III, the squares of the amplitudes of the following

six modes, namely T
++
cs̄ ! D

+
K

+
, D

+
s ⇡

+, T+
cs̄ ! D

+
s ⇡

0, T 0
cs̄ ! D

0
K

0
, D

+
s ⇡

� and T
0
cs !

D
0
K

0
, D

+
K

� decays, should be identical, while those in T
+
cs̄ ! D

0
K

+ and T
+
cs̄ ! D

+
K

0

decays are half the above. The flavor exotic nature of most of these states is self-evident

from the table. Note that in T
+
cs̄ ! D

+
s ⇡

0 decay the exotic quantum number of T+
cs̄ can also
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n Amp. of states T in  6 are highly related
n All FES modes are highly related 8
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(𝑫𝑷 ∼ %𝟑⊗ 𝟖 = 𝟏𝟓⊕ 𝟔⊕ %𝟑)



TABLE IV: T ! DP decay amplitudes in scenario II, with T = Tcq{q̄0q̄00}.

# Mode A(T ! DP ) Mode A(T ! DP )

10⇤ T++
cs̄ ! D+K+ FDP T++

cs̄ ! D+
s ⇡+ FDP

20⇤ T+
cs̄ ! D0K+ 1p

2
FDP T+

cs̄ ! D+K0 � 1p
2
FDP

T+
cs̄ ! D+

s ⇡0 FDP

30⇤ T 0
cs̄ ! D0K0 FDP T 0

cs̄ ! D+
s ⇡� FDP

40⇤ T+
cs ! D+K

0 p
2FDP

50⇤ T 0
cs ! D0K

0
FDP T 0

cs ! D+K� FDP

60⇤ T�
cs ! D0K� p

2FDP

70⇤ T++
cs̄s̄ ! D+

s K+
p
2FDP

80⇤ T+
cs̄s̄ ! D+

s K0
p
2FDP

90⇤ T++
c ! D+⇡+

p
2FDP

100⇤ T+
c ! D0⇡+

q
2
3FDP T+

c ! D+⇡0 2p
3
FDP

110⇤ T 0
c ! D0⇡0 2p

3
FDP T 0

c ! D+⇡� �
q

2
3FDP

120⇤ T�
c ! D0⇡� p

2FDP

130 T 0+
c ! D0⇡+ 1

2
p
3
FDP T 0+

c ! D+⇡0 � 1
2
p

6
FDP

T 0+
c ! D+⌘

p
6

4 (c�0 +
p
2s�0 )FDP T 0+

c ! D+⌘0
p
6

4 (s�0 �
p
2c�0 )FDP

T 0+
c ! D+

s K
0 �

p
3

2 FDP

140 T 00
c ! D0⇡0 1

2
p
6
FDP T 00

c ! D0⌘
p
6

4 (c�0 +
p
2s�0 )FDP

T 00
c ! D0⌘0

p
6

4 (s�0 �
p
2c�0 )FDP T 00

c ! D+⇡� 1
2
p
3
FDP

T 00
c ! D+

s K� �
p

3
2 FDP

150 T 0+
cs̄ ! D0K+ 1

2FDP T 0+
cs̄ ! D+K0 1

2FDP

T 0+
cs̄ ! D+

s ⌘ 1p
2
(c�0 +

p
2s�0 )FDP T 0+

cs̄ ! D+
s ⌘0 1p

2
(s�0 �

p
2c�0 )FDP

160 T 00+
c ! D0⇡+ 1

2 (FDP + 4ACP ) T 00+
c ! D+⇡0 � 1

2
p
2
(FDP + 4ACP )

T 00+
c ! D+

s K
0 1

2 (FDP + 4ACP )

T 00+
c ! D0⌘

p
2c�0+2s�0

12 (FDP + 4ACP ) T 00+
c ! D+⌘0

p
2s�0�2c�0

12 (FDP + 4ACP )

+
2c�0�

p
2s�0

3 [3ACD +
p
2(FDP +ACP )] +

p
2c�0+2s�0

3 [3ACD +
p
2(FDP +ACP )]

170 T 000
c ! D0⇡0 1

2
p

2
(FDP + 4ACP ) T 000

c ! D+⇡� 1
2 (FDP + 4ACP )

T 000
c ! D+

s K� 1
2 (FDP + 4ACP )

T 0
c ! D0⌘

p
2c�0+2s�0

12 (FDP + 4ACP ) T 0
c ! D+⌘0

p
2s�0�2c�0

12 (FDP + 4ACP )

+
2c�0�

p
2s�0

3 [3ACD +
p
2(FDP +ACP )] +

p
2c�0+2s�0

3 [3ACD +
p
2(FDP +ACP )]

180 T 00+
cs̄ ! D0K+ 1

2 (FDP + 4ACP ) T 00+
cs̄ ! D+K0 1

2 (FDP + 4ACP )

T 00+
cs̄ ! D+

s ⌘ �
p
2c�0+2s�0

6 (FDP + 4ACP ) T+
cs̄ ! D+

s ⌘0
2c�0�

p
2s�0

6 (FDP + 4ACP )

+
2c�0�

p
2s�0

3 [3ACD +
p
2(FDP +ACP )] +

p
2c�0+2s�0

3 [3ACD +
p
2(FDP +ACP )]

be easily identified.

The three other states in 6, namely, T+
cs̄ , T

+
c and T

0
c , have T ! DP decay rates that

are proportional to the previous ones with simple factors. The situation is di↵erent for the

three states in 3̄, namely T
00+
c , T 000

c and T
00+
cs , as their amplitudes contain FDP , ACP and

ACD as well. Nevertheless, the T ! DP decay amplitudes of these states for P = ⇡, K

and K, are proportional to FDP + 2ACP , giving �(T ! D⇡
+) = �(T ! DK) = �(T !

14

n Amp. of 
states T
in 𝟏𝟓
/FES are 
highly 
related
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𝑇 → 𝐷𝑆 decays
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n 4 (3) TA in scenario I (II), only 2 (1) contribute to FES
n Only one combination, 𝑫𝑺 ∼ <𝟑⊗ 𝟖 = 𝟏𝟓⊕ 𝟔⊕ <𝟑
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TABLE V: T ! DS decay amplitudes in scenario I, with T = Tcq[q̄0q̄00].

# Mode A(T ! DS) Mode A(T ! DS)

1⇤ T++
cs̄ ! D++ 2CS + CDS T++

cs̄ ! D+
s a

+
0 �(2CS + CDS)

2⇤ T+
cs̄ ! D0+ 1p

2
(2CS + CDS) T+

cs̄ ! D+0 � 1p
2
(2CS + CDS)

T+
cs̄ ! D+

s a
0
0 �2(CS + CDS)

3⇤ T 0
cs̄ ! D00 2CS + CDS T 0

cs̄ ! D+
s a

�
0 �(2CS + CDS)

4⇤ T 0
cs ! D00 2CS + CDS T 0

cs ! D+� �(2CS + CDS)

5 T+
c ! D0a+0

1p
2
(2CS + CDS) T+

c ! D+a00 � 1
2 (2CS + CDS)

T+
c ! D+

s 
0 � 1p

2
(2CS + CDS) T+

c ! D+� 1
2 (
p
2c� + s�)(2CS + CDS)

T+
c ! D+f0 � 1

2 (c� �
p
2s�)(2CS + CDS)

6 T 0
c ! D0a00 � 1

2 (2CS + CDS) T 0
c ! D+a�0 � 1p

2
(2CS + CDS)

T 0
c ! D+

s 
� 1p

2
(2CS + CDS) T 0

c ! D+� � 1
2 (
p
2c� + s�)(2CS + CDS)

T 0
c ! D+f0

1
2 (c� �

p
2s�)(2CS + CDS)

7 T 00+
c ! D0a+0

1p
2
(CDS � 2CS + 2ACCS) T 00+

c ! D+a00 � 1
2 (CDS � 2CS + 2ACCS)

T 00+
c ! D+

s 
0 1p

2
(CDS � 2CS + 2ACCS)

T 00+
c ! D0f0

(c��
p
2s�)

6 (CDS � 2CS + 2ACCS) T 00+
c ! D+� � (s�+

p
2c�)

6 (CDS � 2CS + 2ACCS)

+ 2(
p
2s�+2c�)

3 (CDS + CS + 2(
p
2c��2s�)

3 (CDS + CS

�ACCS � 3ACCD) �ACCS � 3ACCD)

8 T 000
c ! D0a00

1
2 (CDS � 2CS + 2ACCS) T 000

c ! D+a�0
1p
2
(CDS � 2CS + 2ACCS)

T 000
c ! D+

s 
� 1p

2
(CDS � 2CS + 2ACCS)

T 000
c ! D0f0

(c��
p
2s�)

6 (CDS � 2CS + 2ACCS) T 000
c ! D+� � (s�+

p
2c�)

6 (CDS � 2CS + 2ACCS)

+ 2(
p
2s�+2c�)

3 (CDS + CS + 2(
p
2c��2s�)

3 (CDS + CS

�ACCS � 3ACCD) �ACCS � 3ACCD)

9 T 00+
cs̄ ! D0+ 1p

2
(CDS � 2CS + 2ACCS) T 00+

cs̄ ! D+0 1p
2
(CDS � 2CS + 2ACCS)

T 00+
cs̄ ! D+

s f0 � (c��
p
2s�)

3 (CDS � 2CS + 2ACCS) T 00+
cs̄ ! D+

s �
(s�+

p
2c�)

3 (CDS � 2CS + 2ACCS)

+ 2(
p
2s�+2c�)

3 (CDS + CS + 2(
p
2c��2s�)

3 (CDS + CS

�ACCS � 3ACCD) �ACCS � 3ACCD)

decay of a heavy particle, such as a B meson, to multi-particle final states.

As noted previously for flavor exotic states and all other states in 6 the T ! DS decay

18

n Amp. of  states in 6 / FES are highly related (one comb.)
11
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n Amp. of T
in 𝟏𝟓 /FES 
are highly 
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TABLE VI: T ! DS decay amplitudes in scenario II, with T = Tcq{q̄0q̄00}.

# Mode A(T ! DS) Mode A(T ! DS)

10⇤ T++
cs̄ ! D++ CDS T++

cs̄ ! D+
s a+0 CDS

20⇤ T+
cs̄ ! D0+ 1p

2
CDS T+

cs̄ ! D+0 � 1p
2
CDS

T+
cs̄ ! D+

s a00 CDS

30⇤ T 0
cs̄ ! D00 CDS T 0

cs̄ ! D+
s a�0 CDS

40⇤ T+
cs ! D+0

p
2CDS

50⇤ T 0
cs ! D00 CDS T 0

cs ! D+� CDS

60⇤ T�
cs ! D0� p

2CDS

70⇤ T++
cs̄s̄ ! D+

s +
p
2CDS

80⇤ T+
cs̄s̄ ! D+

s 0
p
2CDS

90⇤ T++
c ! D+a+0

p
2CDS

100⇤ T+
c ! D0a+0

q
2
3CDS T+

c ! D+a00
2p
3
CDS

110⇤ T 0
c ! D0a00

2p
3
CDS T 0

c ! D+a�0 �
q

2
3CDS

120⇤ T�
c ! D0a�0

p
2CDS

130 T 0+
c ! D0a+0

1
2
p

3
CDS T 0+

c ! D+a00 � 1
2
p
6
CDS

T 0+
c ! D+� �

p
6
4 (

p
2c� + s�)CDS T 0+

c ! D+f0 �
p

6
4 (

p
2s� � c�)CDS

T 0+
c ! D+

s 0 �
p

3
2 CDS

140 T 00
c ! D0a00

1
2
p

6
CDS T 00

c ! D+a�0
1

2
p
3
CDS

T 00
c ! D+� �

p
6
4 (

p
2c� + s�)CDS T 00

c ! D+f0 �
p

6
4 (

p
2s� � c�)CDS

T 00
c ! D+

s � �
p

3
2 CDS

150 T 0+
cs̄ ! D0+ 1

2CDS T 0+
cs̄ ! D+0 1

2CDS

T 0+
cs̄ ! D+

s � � 1p
2
(
p
2c� + s�)CDS T 0+

cs̄ ! D+
s f0 � 1p

2
(
p
2s� � c�)CDS

160 T 00+
c ! D0a+0

1
2 (CDS + 4ACCS) T 00+

c ! D+a00 � 1
2
p
2
(CDS + 4ACCS)

T 00+
c ! D+

s 0 1
2 (CDS + 4ACCS)

T 00+
c ! D+f0

p
2c��2s�

12 (CDS + 4ACCS) T 00+
c ! D+� �

p
2s�+2c�

12 (CDS + 4ACCS)

� 4(
p

2c�+s�)

3 (CDS +ACCS + 3ACCD) � 4(c��
p
2s�)

3 (CDS +ACCS + 3ACCD)

170 T 000
c ! D0a00

1
2
p

2
(CDS + 4ACCS) T 000

c ! D+a�0
1
2 (CDS + 4ACCS)

T 000
c ! D+

s � 1
2 (CDS + 4ACCS)

T 000
c ! D0f0

p
2c��2s�

12 (CDS + 4ACCS) T 000
c ! D+� �

p
2s�+2c�

12 (CDS + 4ACCS)

� 4(
p

2c�+s�)

3 (CDS +ACCS + 3ACCD) � 4(c��
p
2s�)

3 (CDS +ACCS + 3ACCD)

180 T 00+
cs̄ ! D0+ 1

2 (CDS + 4ACCS) T 00+
cs̄ ! D+0 1

2 (CDS + 4ACCS)

T 00+
cs̄ ! D+

s f0 �
p

2c��2s�
6 (CDS + 4ACCS) T 00+

cs̄ ! D+
s �

p
2s�+2c�

6 (CDS + 4ACCS)

� 4(
p

2c�+s�)

3 (CDS +ACCS + 3ACCD) � 4(c��
p
2s�)

3 (CDS +ACCS + 3ACCD)

4ACCS, in the amplitudes of T ! Da0, D, D̄ decays, while another combination, CDS +

ACCS + 3ACCD, is needed in T ! Df0, D� decays as there are two 3̄ in 3̄⌦ (8� 1) from

the final states that can match the SU(3) quantum number of these T
00
c and T

00
cs̄.
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𝐵 → 𝐷 𝑇 decays
qk

qj

c̄

q̄k

q̄m q̄m

b c
D

T

B

n Three topological amplitudes
n Subscripts denote mesons 

receiving 𝑐�̅�(�̅�) from 𝑊 → 𝑐-𝑞
n C, T, E: Internal W, External 

W, Exchange diagrams
n Only one contributes to FES 

(traceless)
n Amp. Of modes with FES are 

highly related
13
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TABLE VII: Bq ! DT c̄q̄[q0q00] decay amplitudes in �S = �1 and �S = 0 transitions in scenario I.

# Mode A(Bq ! DT c̄q̄[q0q00]) # Mode A(Bq ! DT c̄q̄[q0q00])

1̄⇤ B� ! D+T
��
c̄s �CT̄ 2̄⇤ B� ! D0T

�
c̄s � 1p

2
CT̄

2̄⇤ B0 ! D+T
�
c̄s

1p
2
CT̄ 3̄⇤ B0 ! D0T

0
c̄s �CT̄

5̄ B0
s ! D+T

�
c̄ � 1p

2
CT̄ 6̄ B0

s ! D0T
0
c̄

1p
2
CT̄

7̄ B0
s ! D+T

00�
c̄

1p
2
(CT̄ + 2ET̄ B̄) 8̄ B0

s ! D0T
000
c̄

1p
2
(CT̄ + 2ET̄ B̄)

9̄ B� ! D0T
00�
c̄s � 1p

2
(CT̄ + 2TT̄ ) 9̄ B0 ! D+T

00�
c̄s � 1p

2
(CT̄ + 2TT̄ )

9̄ B0
s ! D+

s T
00�
c̄s

p
2(�TT̄ + ET̄ B̄)

# Mode A0(Bq ! DT c̄q̄[q0q00]) # Mode A0(Bq ! DT c̄q̄{q0q00})

1̄⇤ B� ! D+
s T

��
c̄s C 0

T̄
2̄⇤ B0 ! D+

s T
�
c̄s �C0

T̄p
2

4̄⇤ B0
s ! D0T

0
c̄s̄ �C 0

T̄

5̄ B� ! D0T
�
c̄ � 1p

2
C 0
T̄

5̄ B0
s ! D+

s T
�1
c̄

1p
2
C 0
T̄

6̄ B0 ! D0T
0
c̄ � 1p

2
C 0
T̄

7̄ B� ! D0T
00�
c̄ � 1p

2
(C 0

T̄
+ 2T 0

T̄
) 7̄ B0 ! D+T

00�
c̄

p
2(E0

T̄ B̄
� T 0

T̄
)

7̄ B0
s ! D+

s T
00�
c̄ � 1p

2
(C 0

T̄
+ 2T 0

T̄
) 8̄ B0 ! D0T

000
c̄

1p
2
(C 0

T̄
+ 2E0

T̄ B̄
)

9̄ B0 ! D+
s T

00�
c̄s

1p
2
(C 0

T̄
+ 2E0

T̄ B̄
)

modes involving flavor exotic states have the following relations on rates,

�(B� ! D
+
T

��
c̄s ) = �(B0 ! D

0
T

0
c̄s) = 2�(B0 ! D

+
T

�
c̄s) = 2�(B� ! D

0
T

�
c̄s)

=

����
Vcs

Vcd

����
2

�(B� ! D
+
s T

��
c̄s ) = 2

����
Vcs

Vcd

����
2

�(B0 ! D
+
s T

�
c̄s)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
c̄s̄). (28)

Note that all four flavor exotic states in scenario I are involved in these B ! DT decays,

but we need decay modes in �S = �1 and �S = 0 transitions.

Similarly all twenty four modes with T in 15 are highly related, as they are either pro-

portional to CT̄ or C 0
T̄ . In particular, for the following fourteen modes involving flavor exotic

25

n Modes 
with states 
in 6 / FES 
are highly 
related

14

I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c



Relations on rates

n All four FES are involved (2 LHCb modes)
n But need Δ𝑆 = −1 and Δ𝑆 = 0 transitions 
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TABLE VII: Bq ! DT c̄q̄[q0q00] decay amplitudes in �S = �1 and �S = 0 transitions in scenario I.

# Mode A(Bq ! DT c̄q̄[q0q00]) # Mode A(Bq ! DT c̄q̄[q0q00])

1̄⇤ B� ! D+T
��
c̄s �CT̄ 2̄⇤ B� ! D0T

�
c̄s � 1p

2
CT̄

2̄⇤ B0 ! D+T
�
c̄s

1p
2
CT̄ 3̄⇤ B0 ! D0T

0
c̄s �CT̄

5̄ B0
s ! D+T

�
c̄ � 1p

2
CT̄ 6̄ B0

s ! D0T
0
c̄

1p
2
CT̄

7̄ B0
s ! D+T

00�
c̄

1p
2
(CT̄ + 2ET̄ B̄) 8̄ B0

s ! D0T
000
c̄

1p
2
(CT̄ + 2ET̄ B̄)

9̄ B� ! D0T
00�
c̄s � 1p

2
(CT̄ + 2TT̄ ) 9̄ B0 ! D+T

00�
c̄s � 1p

2
(CT̄ + 2TT̄ )

9̄ B0
s ! D+

s T
00�
c̄s

p
2(�TT̄ + ET̄ B̄)

# Mode A0(Bq ! DT c̄q̄[q0q00]) # Mode A0(Bq ! DT c̄q̄{q0q00})

1̄⇤ B� ! D+
s T

��
c̄s C 0

T̄
2̄⇤ B0 ! D+

s T
�
c̄s �C0

T̄p
2

4̄⇤ B0
s ! D0T

0
c̄s̄ �C 0

T̄

5̄ B� ! D0T
�
c̄ � 1p

2
C 0
T̄

5̄ B0
s ! D+

s T
�1
c̄

1p
2
C 0
T̄

6̄ B0 ! D0T
0
c̄ � 1p

2
C 0
T̄

7̄ B� ! D0T
00�
c̄ � 1p

2
(C 0

T̄
+ 2T 0

T̄
) 7̄ B0 ! D+T

00�
c̄

p
2(E0

T̄ B̄
� T 0

T̄
)

7̄ B0
s ! D+

s T
00�
c̄ � 1p

2
(C 0

T̄
+ 2T 0

T̄
) 8̄ B0 ! D0T

000
c̄

1p
2
(C 0

T̄
+ 2E0

T̄ B̄
)

9̄ B0 ! D+
s T

00�
c̄s

1p
2
(C 0

T̄
+ 2E0

T̄ B̄
)

modes involving flavor exotic states have the following relations on rates,

�(B� ! D
+
T

��
c̄s ) = �(B0 ! D

0
T

0
c̄s) = 2�(B0 ! D

+
T

�
c̄s) = 2�(B� ! D

0
T

�
c̄s)

=

����
Vcs

Vcd

����
2

�(B� ! D
+
s T

��
c̄s ) = 2

����
Vcs

Vcd

����
2

�(B0 ! D
+
s T

�
c̄s)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
c̄s̄). (28)

Note that all four flavor exotic states in scenario I are involved in these B ! DT decays,

but we need decay modes in �S = �1 and �S = 0 transitions.

Similarly all twenty four modes with T in 15 are highly related, as they are either pro-

portional to CT̄ or C 0
T̄ . In particular, for the following fourteen modes involving flavor exotic
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cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c



TABLE VIII: Bq ! DT c̄q̄{q0q00} decay amplitudes in �S = �1 and 0 transitions in scenario II.

# Mode A(Bq ! DT c̄q̄[q0q00]) # Mode A(Bq ! DT c̄q̄{q0q00})

1̄0⇤ B� ! D+T
��
c̄s CT̄ 2̄0⇤ B� ! D0T

�
c̄s

1p
2
CT̄

2̄0⇤ B0 ! D+T
�
c̄s � 1p

2
CT̄ 3̄0⇤ B0 ! D0T

0
c̄s CT̄

7̄0⇤ B� ! D+
s T

��
c̄ss

p
2CT̄ 8̄0⇤ B0 ! D+

s T
�
c̄ss

p
2CT̄

130 B0
s ! D+T

0�1
c̄ �

p
3
2 CT̄ 140 B0

s ! D0T
00
c̄ �

p
3
2 CT̄

150 B� ! D0T
0�
c̄s

1
2CT̄ 150 B0 ! D+T

0�
c̄s

1
2CT̄

150 B0
s ! D+

s T
0�
c̄s �CT̄

160 B0
s ! D+T

00�
c̄

1
2(CT̄ + 4ET̄ B̄) 170 B0

s ! D0T
000
c̄

1
2(CT̄ + 4ET̄ B̄)

180 B� ! D0T
00�
c̄s

1
2(4TT̄ + CT̄ ) 180 B0 ! D+T

00�
c̄s

1
2(4TT̄ + CT̄ )

180 B0
s ! D+

s T
00�
c̄s 2TT̄ + CT̄ + 2ET̄ B̄

# Mode A0(Bq ! DT c̄q̄[q0q00]) # Mode A0(Bq ! DT c̄q̄{q0q00})

1̄0⇤ B� ! D+
s T

��
c̄s C 0

T̄
2̄0⇤ B0 ! D+

s T
�
c̄s � 1p

2
C 0
T̄

4̄0⇤ B0
s ! D+T

�
c̄s̄

p
2C 0

T̄
5̄0⇤ B0

s ! D0T
0
c̄s̄ C 0

T̄

9̄0⇤ B� ! D+T
��
c̄

p
2C 0

T̄
100

⇤
B� ! D0T

�
c̄

q
2
3C

0
T̄

100
⇤

B0 ! D+T
�
c̄ �

q
2
3C

0
T̄

110
⇤

B0 ! D0T
0
c̄ �

q
2
3C

0
T̄

130 B� ! D0T
0�
c̄

1
2
p
3
C 0
T̄

130 B0 ! D+T
0�
c̄

1p
3
C 0
T̄

130 B0
s ! D+

s T
0�
c̄ �

p
3
2 C 0

T̄
140 B0

s ! D0T
00
c̄

1
2
p
3
C 0
T̄

150 B0 ! D+
s T

0�
c̄s

1
2C

0
T̄

160 B� ! D0T
00�
c̄

1
2(4T

0
T̄
+ C 0

T̄
) 160 B0 ! D+T

00�
c̄ 2T 0

T̄
+ C 0

T̄
+ 2E0

T̄ B̄

160 B0
s ! D+

s T
000
c̄

1
2(4T

0
T̄
+ C 0

T̄
) 170 B0 ! D0T

000
c̄

1
2(C

0
T̄
+ 4E0

T̄ B̄
)

180 B0 ! D+
s T

00�
c̄s

1
2(C

0
T̄
+ 4E0

T̄ B̄
)
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n Modes with T in 
𝟏𝟓 /FES are 
highly related

n 4 modes have 
been considered 
by QQY
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S
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c T+
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T ′′0
c T ′′+

c

T−
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c

T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄

T−
cs T+
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Relations on rates
states in scenario II, we have

2�(B� ! D
+
T

��
c̄s ) = 4�(B� ! D

0
T

�
c̄s) = 4�(B0 ! D

+
T

�
c̄s) = 2�(B0 ! D

0
T

0
c̄s)

= �(B� ! D
+
s T

��
c̄ss ) = �(B0 ! D

+
s T

�
c̄ss)

= 2

����
Vcs

Vcd

����
2

�(B� ! D
+
s T

��
c̄s ) = 4

����
Vcs

Vcd

����
2

�(B0 ! D
+
s T

�
c̄s)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

+
T

�
c̄s̄) = 2

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
c̄s̄)

=

����
Vcs

Vcd

����
2

�(B� ! D
+
T

��
c̄ ) = 3

����
Vcs

Vcd

����
2

�(B� ! D
0
T

�
c̄ )

= 3

����
Vcs

Vcd

����
2

�(B0 ! D
+
T

�
c̄ ) = 3

����
Vcs

Vcd

����
2

�(B0 ! D
0
T

0
c̄). (29)

Note that even with both �S = �1 and �S = 0 transitions, we only have nine out of

twelve flavor exotic states involved in these B ! DT decays. On the other hand, the above

relations impose strong restrictions on these rates. The continue unobservation of some of

these modes, such as B� ! D
+
s T

��
c̄ss and B

0 ! D
+
s T

�
c̄ss decays, will certainly pose tension

to scenario II.

The B
� ! D

+
T

��
c̄s and B

0 ! D
0
T

0
c̄s decays correspond to the B

� ! D
+
T

⇤
cs̄0(2900)

��

and B
0 ! D

0
T

⇤
cs̄0(2900)

0 decays, respectively, in both scenarios. These modes were reported

by LHCb in the observation of T ⇤
cs̄0(2900)

�� and T
⇤
cs̄0(2900)

0 in B
� ! D

+
D

�
s ⇡

� and B
0 !

D
0
D

�
s ⇡

+ decays [2, 3]. Note that the B0
s ! D

0
T

0
c̄s̄ decay involving T

⇤
cs0(2870)

0 has not been

observed yet, as it is a CKM suppressed �S = �1 transition. It will be interesting to search

for this mode to check whether these three states belong to the same multiplet or not.

Modes in 3 or 3
0
are also related. From Table VII and Table VIII, one can infer the

following relations on rates in both scenarios,

�(B0
s ! D

+
T

00�
c̄ ) = �(B0

s ! D
0
T

000
c̄ ) =

����
Vcs

Vcd

����
2

�(B0 ! D
+
s T

00�
c̄s ), (30)

�(B� ! D
0
T

00�
c̄s ) = �(B0 ! D

+
T

00�
c̄s ) =

����
Vcs

Vcd

����
2

�(B� ! D
0
T

00�
c̄ )

=

����
Vcs

Vcd

����
2

�(B0
s ! D

+
s T

00�
c̄ ), (31)

and

�(B0
s ! D

+
s T

00�
c̄s ) =

����
Vcs

Vcd

����
2

�(B0 ! D
+
T

00�
c̄ ). (32)
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n 14 decay modes of 9 FES are highly related
n If not observed pose tension on scenario II
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𝐵 → 𝐷𝑇 decays
q̄k

qj

c̄

qk

b

q̄m

c

q̄m
B

D

T

n Three TA
n Subscripts denote mesons 

receiving 𝑐�̅�(�̅�) from 𝑊 → 𝑐-𝑞
n C, T, E: Internal W, External 

W, Exchange diagrams
n Only one contributes to FES 

(traceless)
n Highly related
n 𝑇&& charge conservation.
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TABLE IX: Bq ! DTcq[q̄0q̄00] decay amplitudes in �S = �1 and �S = 0 transitions in scenario I.

# Mode A(Bq ! DTcq[q̄0q̄00]) # Mode A(Bq ! DTcq[q̄0q̄00])

4⇤ B� ! D�T 0
cs CD̄T 4⇤ B0 ! D

0
T 0
cs �CD̄T

5 B0 ! D�
s T

+
c

CD̄Tp
2

5 B0
s ! D�T+

c � 1p
2
CD̄T

6 B� ! D�
s T

0
c � 1p

2
CD̄T 6 B0

s ! D
0
T 0
c

1p
2
CD̄T

7 B0 ! D�
s T

00+
c � 1p

2
(2TD̄ + CD̄T ) 7 B0

s ! D�T 00+
c

1p
2
(CD̄T + 2ED̄B̄)

8 B� ! D�
s T

000
c � 1p

2
(2TD̄ + CD̄T ) 8 B0

s ! D
0
T 000
c

1p
2
(CD̄T + 2ED̄B̄)

9 B0
s ! D�

s T
00+
cs̄ �

p
2(TD̄ � ED̄B̄)

# Mode A0(Bq ! DTcq[q̄0q̄00]) # Mode A0(Bq ! DTcq[q̄0q̄00])

2⇤ B0 ! D�
s T

+
cs̄ � 1p

2
C 0
D̄T

2⇤ B0
s ! D�T+

cs̄
1p
2
C 0
D̄T

3⇤ B� ! D�
s T

0
cs̄ C 0

D̄T
3⇤ B0

s ! D
0
T 0
cs̄ �C 0

D̄T

6 B� ! D�T 0
c

1p
2
C 0
D̄T

6 B0 ! D
0
T 0
c � 1p

2
C 0
D̄T

7 B0 ! D�T 00+
c �

p
2(T 0

D̄
� E0

D̄B̄
) 8 B� ! D�T 000

c � 1p
2
(2T 0

D̄
+ C 0

D̄T
)

8 B0 ! D
0
T 000
c

1p
2
(C 0

D̄T
+ 2E0

D̄B̄
)

9 B0 ! D�
s T

00+
cs̄

1p
2
(C 0

D̄T
+ 2E0

D̄B̄
) 9 B0

s ! D�T 00+
cs̄ � 1p

2
(2T 0

D̄
+ C 0

D̄T
)

We turn to scenario II. Likewise, from Table X, the decay modes involving T in 15

only have contributions from internal W amplitudes CD̄T or C 0
D̄T , and, consequently, their

amplitudes are highly related. In particular, the modes involving flavor exotic T have the

following relations on decay rates,

�(B0 ! D
�
T

+
cs) = 2�(B� ! D

�
T

0
cs) = 2�(B0 ! D

0
T

0
cs) = �(B� ! D

0
T

�
cs)

= 2

����
Vcs

Vcd

����
2

�(B� ! D
�
s T

0
cs̄) = 2

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
cs̄)

= 4

����
Vcs

Vcd

����
2

�(B0 ! D
�
s T

+
cs̄) = 4

����
Vcs

Vcd

����
2

�(B0
s ! D

�
T

+
cs̄)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

�
s T

+
cs̄s̄) = 3

����
Vcs

Vcd

����
2

�(B0 ! D
�
T

+
c )

= 3

����
Vcs

Vcd

����
2

�(B� ! D
�
T

0
c ) = 3

����
Vcs

Vcd

����
2

�(B0 ! D
0
T

0
c )

=

����
Vcs

Vcd

����
2

�(B� ! D
0
T

�
c ). (34)

We have nine out of twelve flavor exotic states involved in these B ! DT decays, while all
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n Modes 
with states 
in 6/FES 
are highly 
related.
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The rates in Eqs. (31) and (32) are expected to be larger than those in Eq. (30) in the same

�S transition. as the last two sets have contributions from external W amplitudes, TT̄ or

T
0
T̄ .

Note that in ref. [34] the amplitudes of the following four modes in �S = �1 transitions

in scenario II, namely B
� ! D

+
T

��
c̄s , B0 ! D

0
T

0
c̄s, B

� ! D
+
s T

��
c̄ss , B

0 ! D
+
s T

�
c̄ss, were

also given. Their results agree with those shown in Table VIII, but with CT̄ replaced with

CVcbV
⇤
cs, while the rest in Table VIII and all in Table VII are new.

The final state T can further decay to D̄P and D̄S, or they can connect to these states

virtually. One can obtain their full amplitudes using results in the section and those in

Sec. III.

2. B ! DT decay amplitudes

The B ! DT decay amplitudes for �S = �1 and �S = 0 transitions decomposed in

these topological amplitudes are shown in Table IX for scenario I and in Table X for scenario

II. Note that these results can easily generalize to B ! D
⇤
T decay by replacing D by D

⇤

in the tables.

From Table IX we see that the decay modes involving T in 6 in scenario I are governed by

internal W amplitudes CD̄T or C 0
D̄T . Consequently, the sizes of their decay rates are highly

related. In particular, the modes involving flavor exotic states have the following relations

on decay rates,

�(B� ! D
�
T

0
cs) = �(B0 ! D

0
T

0
cs) =

����
Vcs

Vcd

����
2

�(B� ! D
�
s T

0
cs̄)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
cs̄) = 2

����
Vcs

Vcd

����
2

�(B0 ! D
�
s T

+
cs̄)

= 2

����
Vcs

Vcd

����
2

�(B0
s ! D

�
T

+
cs̄). (33)

Note that three out of four flavor exotic states, namely T
0
cs, T

+
cs and T

0
cs̄, are involved in

these B ! DT decays, while the other flavor exotic state, T++
cs̄ is absent. The absence

of the doubly charged state in B ! DT decays can be easily understood from charge

conservation. We need to consider both �S = �1 and �S = 0 transitions in B ! DT

decays to have both T
0
cs and T

0
cs̄, but without T

++
cs̄ .

28

Relations on rates

n Three FES are involved
n Only one mode is observed so far
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TABLE X: Bq ! DTcq{q̄0q̄00} decay amplitudes in �S = �1 and �S = 0 transitions in scenerio II.

# Mode A(Bq ! DTcq{q̄0q̄00}) # Mode A(Bq ! DTcq{q̄0q̄00})

40⇤ B0 ! D�T+
cs

p
2CD̄T 50⇤ B� ! D�T 0

cs CD̄T

50⇤ B0 ! D
0
T 0
cs CD̄T 60⇤ B� ! D

0
T�
cs

p
2CD̄T

130 B0 ! D�
s T

0+
c �

p
3
2 CD̄T 130 B0

s ! D�T 0+
c �

p
3
2 CD̄T

140 B� ! D�
s T

00
c �

p
3
2 CD̄T 140 B0

s ! D
0
T 00
c �

p
3
2 CD̄T

150 B0
s ! D�

s T
0+
cs̄ �CD̄T

160 B0 ! D�
s T

00+
c

1
2 (4TD̄ + CD̄T ) 160 B0

s ! D�T 00+
c

1
2 (CD̄T + 4ED̄B̄)

170 B� ! D�
s T

000
c

1
2 (4TD̄ + CD̄T ) 170 B0

s ! D
0
T 000
c

1
2 (CD̄T + 4ED̄B̄)

180 B0
s ! D�

s T
00+
cs̄ 2TD̄ + CD̄T + 2ED̄B̄

# Mode A0(Bq ! DTcq{q̄0q̄00}) # Mode A0(Bq ! DTcq{q̄0q̄00})

20⇤ B0 ! D�
s T

+
cs̄ �C0

D̄Tp
2

20⇤ B0
s ! D�T+

cs̄ �C0
D̄Tp
2

30⇤ B� ! D�
s T

0
cs̄ C 0

D̄T
30⇤ B0

s ! D
0
T 0
cs̄ C 0

D̄T

80⇤ B0
s ! D�

s T
+
cs̄s̄

p
2C 0

D̄T

100⇤ B0 ! D�T+
c �

q
2
3C

0
D̄T

110⇤ B� ! D�T 0
c �

q
2
3C

0
D̄T

110⇤ B0 ! D
0
T 0
c �

q
2
3C

0
D̄T

120⇤ B� ! D
0
T�
c

p
2C 0

D̄T

130 B0 ! D�T 0+
c

1p
3
C 0

D̄T
140 B� ! D�T 00

c
1

2
p
3
C 0

D̄T

140 B0 ! D
0
T 00
c

1
2
p
3
C 0

D̄T

150 B0 ! D�
s T

0+
cs̄

1
2C

0
D̄T

150 B0
s ! D�T+

cs̄
1
2C

0
D̄T

160 B0 ! D�T 00+
c 2T 0

D̄
+ C 0

D̄T
+ 2E0

D̄B̄
170 B� ! D�T 000

c
1
2 (4T

0
D̄
+ C 0

D̄T
)

170 B0 ! D0T 000
c

1
2 (C

0
D̄T

+ 4E0
D̄B̄

)

180 B0 ! D�
s T

00+
cs̄

1
2 (C

0
D.5 + 4E0

D̄B̄
) 180 B0

s ! D�T 00+
cs̄

1
2 (4T

0
D̄
+ C 0

D̄T
)

doubly chared states, T++
cs̄ , T++

cs̄s̄ and T
++
c , are absent, as B ! DT

++ decays are forbiden

by charge conservation.

Note that the B
� ! D

�
T

0
cs decay corresponds to the B

� ! D
�
T

⇤
cs0(2870)

0 decay re-

ported by LHCb in the observation of Tcs0(2870)0, from B
� ! D

�
D

+
K

� decay with

B
� ! D

�
T

⇤
cs0(2870)

0
, T

⇤
cs0(2870)

0 ! D
+
K

� decay [1]. Recently, LHCb also reports the

observation of B� ! D
�
T

⇤
cs0(2870)

0
, T

⇤
cs0(2870)

0 ! D
0
K

0
S in B

� ! D
�
D

0
K

0
S decay [5]
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n Modes with T in 
𝟏𝟓 /FES are highly 
related

n 4 modes have 
been considered 
by QQY
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T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄

T−
cs T+

cs



Relations on rates

n 13 decay modes 
of 9 FES are 
highly related

n If not observed,
pose tension to
scenario II
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c
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T ′′0
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c
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T ′0
c T ′+

c
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TABLE IX: Bq ! DTcq[q̄0q̄00] decay amplitudes in �S = �1 and �S = 0 transitions in scenario I.

# Mode A(Bq ! DTcq[q̄0q̄00]) # Mode A(Bq ! DTcq[q̄0q̄00])

4⇤ B� ! D�T 0
cs CD̄T 4⇤ B0 ! D

0
T 0
cs �CD̄T

5 B0 ! D�
s T

+
c

CD̄Tp
2

5 B0
s ! D�T+

c � 1p
2
CD̄T

6 B� ! D�
s T

0
c � 1p

2
CD̄T 6 B0

s ! D
0
T 0
c

1p
2
CD̄T

7 B0 ! D�
s T

00+
c � 1p

2
(2TD̄ + CD̄T ) 7 B0

s ! D�T 00+
c

1p
2
(CD̄T + 2ED̄B̄)

8 B� ! D�
s T

000
c � 1p

2
(2TD̄ + CD̄T ) 8 B0

s ! D
0
T 000
c

1p
2
(CD̄T + 2ED̄B̄)

9 B0
s ! D�

s T
00+
cs̄ �

p
2(TD̄ � ED̄B̄)

# Mode A0(Bq ! DTcq[q̄0q̄00]) # Mode A0(Bq ! DTcq[q̄0q̄00])

2⇤ B0 ! D�
s T

+
cs̄ � 1p

2
C 0
D̄T

2⇤ B0
s ! D�T+

cs̄
1p
2
C 0
D̄T

3⇤ B� ! D�
s T

0
cs̄ C 0

D̄T
3⇤ B0

s ! D
0
T 0
cs̄ �C 0

D̄T

6 B� ! D�T 0
c

1p
2
C 0
D̄T

6 B0 ! D
0
T 0
c � 1p

2
C 0
D̄T

7 B0 ! D�T 00+
c �

p
2(T 0

D̄
� E0

D̄B̄
) 8 B� ! D�T 000

c � 1p
2
(2T 0

D̄
+ C 0

D̄T
)

8 B0 ! D
0
T 000
c

1p
2
(C 0

D̄T
+ 2E0

D̄B̄
)

9 B0 ! D�
s T

00+
cs̄

1p
2
(C 0

D̄T
+ 2E0

D̄B̄
) 9 B0

s ! D�T 00+
cs̄ � 1p

2
(2T 0

D̄
+ C 0

D̄T
)

We turn to scenario II. Likewise, from Table X, the decay modes involving T in 15

only have contributions from internal W amplitudes CD̄T or C 0
D̄T , and, consequently, their

amplitudes are highly related. In particular, the modes involving flavor exotic T have the

following relations on decay rates,

�(B0 ! D
�
T

+
cs) = 2�(B� ! D

�
T

0
cs) = 2�(B0 ! D

0
T

0
cs) = �(B� ! D

0
T

�
cs)

= 2

����
Vcs

Vcd

����
2

�(B� ! D
�
s T

0
cs̄) = 2

����
Vcs

Vcd

����
2

�(B0
s ! D

0
T

0
cs̄)

= 4

����
Vcs

Vcd

����
2

�(B0 ! D
�
s T

+
cs̄) = 4

����
Vcs

Vcd

����
2

�(B0
s ! D

�
T

+
cs̄)

=

����
Vcs

Vcd

����
2

�(B0
s ! D

�
s T

+
cs̄s̄) = 3

����
Vcs

Vcd

����
2

�(B0 ! D
�
T

+
c )

= 3

����
Vcs

Vcd

����
2

�(B� ! D
�
T

0
c ) = 3

����
Vcs

Vcd

����
2

�(B0 ! D
0
T

0
c )

=

����
Vcs

Vcd

����
2

�(B� ! D
0
T

�
c ). (34)

We have nine out of twelve flavor exotic states involved in these B ! DT decays, while all

29



TABLE XI: Participation of T ⇤
cs̄0(2900)

++, T ⇤
cs̄0(2900)

0 and T ⇤
cs0(2870)

0 in B ! DT and B ! DT

decays in �S = �1 and �S = 0 transitions. TA stands for topological amplitude.

Decays T ⇤
cs̄0(2900)

++ T ⇤
cs̄0(2900)

0 T ⇤
cs0(2870)

0 TA involved

B ! DT , �S = �1 X X X CT̄

B ! DT , �S = �1 X X X CD̄T

B ! DT , �S = 0 X X X C 0
T̄

B ! DT , �S = 0 X X X C 0
D̄T

agreeing with

�(B� ! D
�
T

0
cs, T

0
cs ! D

+
K

�) = �(B� ! D
�
T

0
cs, T

0
cs ! D

0
K

0
), (35)

which can be inferred from Tables III and IV in scenarios I and II, respectively.

Modes in 3 or 3
0
are also related. From Table VII and Table VIII, one can infer the

following relations on rates in both scenarios,

�(B0 ! D
�
s T

00+
c ) = �(B� ! D

�
s T

000
c ) =

����
Vcs

Vcd

����
2

�(B� ! D
�
T

000
c )

=

����
Vcs

Vcd

����
2

�(B0
s ! D

�
T

00+
cs̄ ), (36)

�(B0
s ! D

�
s T

00+
cs̄ ) =

����
Vcs

Vcd

����
2

�(B0 ! D
�
T

00+
c ), (37)

and

�(B0
s ! D

�
T

00+
c ) = �(B0

s ! D
0
T

000
c ) =

����
Vcs

Vcd

����
2

�(B0 ! D
0
T

000
c )

=

����
Vcs

Vcd

����
2

�(B0 ! D
�
s T

00+
cs̄ ). (38)

As they have contributions from external W amplitudes, TD̄ or T 0
D̄, the rates in Eqs. (36)

and (37) are expected to be larger than those in Eq. (38) in the same �S transition.

In ref. [34] the amplitudes of the following four modes in �S = �1 transitions in

scenario II, namely B
0 ! D

�
T

+
cs , B

� ! D
�
T

0
cs, B

0 ! D
0
T

0
cs and B

� ! D
0
T

�
cs decays, were

also given. Their results agree with those shown in Table X, but with CD̄T replaced with

T3VcbV
⇤
cs, while the rest in Table X and all in Table IX are new.
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Participation of the three T

n Observed in Δ𝑆 = −1 transitions
n Need Δ𝑆 = −1 and Δ𝑆 = 0 transitions to check if they 

are in the same multiplet. 24
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𝐵 → 𝑇𝑃 decays
n Seven TA, only four 

contribute to FES
n Three (four) indep. 

combinations for 
FES in scenario I (II)

n In scenario I

24
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TABLE XII: Bq ! Tcq0[q̄00q̄000]P decay amplitudes in �S = 0 and �1 transitions in scenario I.

# Mode A(Bq ! Tcq[q̄0q̄00]P ) # Mode A(Bq ! Tcq[q̄0q̄00]P )

2⇤ B0 ! T+
cs̄K

� � 1p
2
(CTP � EB̄T ) 2⇤ B0

s ! T+
cs̄⇡

� 1p
2
(CTP � CPT,1)

3⇤ B� ! T 0
cs̄K

� CT + CTP 3⇤ B0 ! T 0
cs̄K

0 CT + EB̄T

3⇤ B0
s ! T 0

cs̄⇡
0 � 1p

2
(CTP � CPT,1) 3⇤ B0

s ! T 0
cs̄⌘ �

c�0p
2
(CTP + CPT,1)� s�0CT

3⇤ B0
s ! T 0

cs̄⌘
0 �

s�0p
2
(CTP + CPT,1) + c�0CT 4⇤ B0 ! T 0

csK
0 �CPT,1 + EB̄T

5 B0 ! T+
c ⇡� � 1p

2
(CPT,1 � EB̄T ) 6 B� ! T 0

c ⇡
� 1p

2
(CT + CTP )

6 B0 ! T 0
c ⇡

0 1
2 (�CT � CTP + CPT,1 � EB̄T ) 6 B0 ! T 0

c ⌘
c�0
2 (CT � CTP � CPT,1 + EB̄T ) +

s�0p
2
EB̄T

6 B0
s ! T 0

c K
0 1p

2
(CT + CPT,1) 6 B0 ! T 0

c ⌘
0 s�0

2 (CT � CTP � CPT,1 + EB̄T )�
c�0p

2
EB̄T

7 B0 ! T 00+
c ⇡� � 1p

2
(2TP + CPT,1 � EB̄T + 2EB̄P ) 8 B� ! T 000

c ⇡� � 1p
2
(2TP + CT + CTP + 2CPT,2)

8 B0 ! T 000
c ⌘

c�0
2 (�CT + CTP + CPT,1 � 2CPT,2 8 B0 ! T 000

c ⌘0
s�0
2 (�CT + CTP + CPT,1 � 2CPT,2

�EB̄T � 2EB̄P ) +
s�0p

2
EB̄T �EB̄T � 2EB̄P )�

c�0p
2
EB̄T

8 B0 ! T 000
c ⇡0 1

2 (CT + CTP � CPT,1 + 2CPT,2 8 B0
s ! T 000

c K0 � 1p
2
(CT � CPT,1 + 2CPT,2)

+EB̄T � 2EB̄P )

9 B0 ! T 00+
cs̄ K� 1p

2
(CTP + EB̄T � 2EB̄P ) 9 B0

s ! T 00+
cs̄ ⇡� � 1p

2
(2TP + CTP + CPT,1)

# Mode A0(Bq ! Tcq[q̄0q̄00]P ) # Mode A0(Bq ! Tcq[q̄0q̄00]P )

2⇤ B0
s ! T+

cs̄K
� � 1p

2
(C0

PT,1 � E0
B̄T

) 3⇤ B0
s ! T 0

cs̄K
0 �C0

PT,1 + E0
B̄T

4⇤ B� ! T 0
cs⇡

� C0
T + C0

TP 4⇤ B0 ! T 0
cs⇡

0 � 1p
2
(C0

T + C0
TP )

4⇤ B0 ! T 0
cs⌘

c�0p
2
(C0

T � C0
TP ) + s�0C0

PT,1 4⇤ B0 ! T 0
cs⌘

0 s�0p
2
(C0

T � C0
TP )� c�0C0

PT,1

4⇤ B0
s ! T 0

csK
0 C0

T + E0
B̄T

5 B0 ! T+
c K� 1p

2
(C0

TP � C0
PT,1)

5 B0
s ! T+

c ⇡� � 1p
2
(C0

TP � E0
B̄T

) 6 B� ! T 0
c K

� � 1p
2
(C0

T + C0
TP )

6 B0 ! T 0
c K

0 � 1p
2
(C0

T + C0
PT,1) 6 B0

s ! T 0
c ⇡

0 1
2 (C

0
TP � E0

B̄T
)

6 B0
s ! T 0

c ⌘
c�0
2 (C0

TP + E0
B̄T

) 6 B0
s ! T 0

c ⌘
0 s�0

2 (C0
TP + E0

B̄T
)

+
s�0p

2
(C0

T � C0
PT,1 + E0

B̄T
) �

c�0p
2
(C0

T � C0
PT,1 + E0

B̄T
)

7 B0 ! T 00+
c K� � 1p

2
(2T 0

P + C0
TP + C0

PT,1) 7 Bs
0 ! T 00+

c ⇡� 1p
2
(C0

TP + E0
B̄T

� 2E0
B̄P

)

8 B� ! T 000
c K� � 1p

2
(2T 0

P + C0
T + C0

TP + 2C0
PT,2) 8 B0 ! T 000

c K
0 � 1p

2
(C0

T � C0
PT,1 + 2C0

PT,2)

8 B0
s ! T 000

c ⌘
c�0
2 (C0

T � E0
B̄T

� 2E0
B̄P

) 8 B0
s ! T 000

c ⌘0
s�0
2 (C0

T � E0
B̄T

� 2E0
B̄P

)

+
s�0p

2
(C0

T � C0
PT,1 + 2C0

PT,2 + E0
B̄T

) �
c�0p

2
(C0

T � C0
PT,1 + 2C0

PT,2 + E0
B̄T

)

8 B0
s ! T 000

c ⇡0 1
2 (C

0
TP + E0

B̄T
� 2E0

B̄P
) 9 B0

s ! T 00+
cs̄ K� � 1p

2
(2T 0

P + C0
PT,1 � E0

B̄T
+ 2E0

B̄P
)

The above relations can be understood as follows. Since B is a 3̄, the operator (c̄b)(d̄u)

or (c̄b)(s̄u) is an 8, and we have 3̄ ⇥ 8 = 15 � 6 � 3̄, as shown in Eq. (A8). On the other

hand, the final states consist of T in 6 and P = ⇡, K in 8, they form 6⌦8 and there are one

15, one 6 and one 3 in 6 ⌦ 8, see Eq. (A9), that can match the SU(3) quantum numbers

of B and the operator. As noted previously, only four out of eleven topological amplitudes

can contribute to modes with flavor exotic states. In fact, from the above argument we see

that there are just only three independent combinations, namely C
(0)
T +C

(0)
TP , C

(0)
T +E

(0)
B̄T

and

C
(0)
TP �C

(0)
PT,1, that contibute to modes involving flavor exotic states and P = ⇡ or K. These

modes are related.
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n 15 modes with 
3 FES

n 𝑇&& charge 
conservation

25

I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c



TABLE XIII: Bq ! Tcq0{q̄00q̄000}P decay amplitudes in �S = 0 transitions in scenario II.

# Mode A(Bq ! Tcq{q̄0q̄00}P )

20⇤ B0 ! T+
cs̄K

� � 1p
2
(CTP � EB̄T )

20⇤ B0
s ! T+

cs̄⇡
� � 1p

2
(CTP � CPT,1)

30⇤ B� ! T 0
cs̄K

� CT + CTP

30⇤ B0
s ! T 0

cs̄⇡
0 1p

2
(CTP � CPT,1)

30⇤ B0
s ! T 0

cs̄⌘ �s�0CT +
c�0p

2
(CPT,1 + CTP )

30⇤ B0
s ! T 0

cs̄⌘
0 c�0CT +

s�0p
2
(CPT,1 + CTP )

30⇤ B0 ! T 0
cs̄K

0 CT + EB̄T

50⇤ B0 ! T 0
csK

0 CPT,1 + EB̄T

60⇤ B� ! T�
csK0

p
2CPT,1

60⇤ B0 ! T�
csK+

p
2EB̄T

80⇤ B0
s ! T+

cs̄s̄K
� p

2CTP

100⇤ B0 ! T+
c ⇡�

q
2
3 (�CTP + CPT,1 + EB̄T )

110⇤ B� ! T 0
c ⇡

� �
q

2
3 (CT + CTP � CPT,1)

110⇤ B0 ! T 0
c ⇡

0 1p
3
(CT � CPT + CPT,1 + 2EB̄T )

110⇤ B0 ! T 0
c ⌘ �

c�0p
3
(CT + CTP + CPT,1)

110⇤ B0 ! T 0
c ⌘

0 �
s�0p

3
(CT + CTP + CPT,1)

110⇤ B0
s ! T 0

c K
0 �

q
2
3CT

120⇤ B� ! T�
c ⇡0 CT + CTP � CPT,1

120⇤ B� ! T�
c ⌘ c�0 (CT + CTP + CPT,1)

120⇤ B� ! T�
c ⌘0 s�0 (CT + CTP + CPT,1)

120⇤ B0 ! T�
c ⇡+

p
2(CT + EB̄T )

120⇤ B0
s ! T�

c K+
p
2CT

130 B0 ! T 0+
c ⇡� 1

2
p

3
(2CTP + CPT,1 + EB̄T )

140 B� ! T 0�
c ⇡� 1

2
p
3
(CT + CTP + 2CPT,1)

140 B0 ! T 00
c ⇡0 � 1

2
p

6
(CT � CTP + CPT,1 � EB̄T )

140 B0 ! T 00
c ⌘

c�0

2
p
6
(CT + CTP + CPT,1 + 3EB̄T ) +

p
3s�0
2 EB̄T

140 B0 ! T 00
c ⌘0

s�0

2
p

6
(CT + CTP + CPT,1 + 3EB̄T )�

p
3c�0
2 EB̄T

140 B0
s ! T 00

c K0 1
2
p
3
(CT � 3CPT,1)

150 B0 ! T 0+
cs̄ K� 1

2 (CTP + EB̄T )

150 B0
s ! T 0+

cs̄ ⇡� 1
2 (CTP + CPT,1)

160 B0 ! T 00+
c ⇡� 1

2 (4TP + 2CTP + CPT,1 + EB̄T + 4EB̄P )

170 B� ! T 000
c ⇡� 1

2 (4TP + CT + CTP + 2CPT,1 + 4CPT,2)

170 B0 ! T 000
c ⇡0 1

2
p

2
(�CT + CTP � CPT,1 � 4CPT,2 + EB̄T + 4EB̄P )

170 B0 ! T 000
c ⌘

c�0

2
p

2
(CT + CTP + CPT,1 + 4CPT,2 + 3EB̄T + 4EB̄P )�

s�0
2 EB̄T

170 B0 ! T 000
c ⌘0

s�0

2
p

2
(CT + CTP + CPT,1 + 4CPT,2 + 3EB̄T + 4EB̄P ) +

c�0
2 EB̄T

170 B0
s ! T 000

c K0 1
2 (CT + CPT,1 + 4CPT,2)

180 B0 ! T 00+
cs̄ K� 1

2 (CTP + EB̄T + 4EB̄P )

180 B0
s ! T 00+

cs̄ ⇡� 1
2 (4TP + CTP + CPT,1)

We turn to the discussion on B ! TP decays in scenario II. As shown in Tables XIII and

XIV, there are twenty-two modes involving flavor exotic states in �S = 0 transitions, while
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n 22 FES 
modes (10 
modes were 
given in 
QQY)

n 4 indep. 
combinations

n Many 
relations
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I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

T−
c T++

c

T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄

T−
cs T+

cs



n 20 FES 
modes

n 4 indep. 
comb.

n Many 
relations
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TABLE XIV: Bq ! Tcq0{q̄00q̄000}P decay amplitudes in �S = �1 transitions in scenario II.

# Mode A0(Bq ! Tcq{q̄0q̄00}P )

20⇤ B0
s ! T+

cs̄K
� 1p

2
(C0

PT,1 + E0
B̄T

)

30⇤ B0
s ! T 0

cs̄K
0

C0
PT,1 + E0

B̄T

40⇤ B0 ! T+
cs⇡� p

2C0
TP

50⇤ B� ! T 0
cs⇡

� C0
T + C0

TP

50⇤ B0 ! T 0
cs⇡

0 1p
2
(�C0

T + C0
TP )

50⇤ B0 ! T 0
cs⌘

c�0p
2
(C0

T + C0
TP )� s�0C0

PT,1

50⇤ B0 ! T 0
cs⌘

0 s�0p
2
(C0

T + C0
TP ) + c�0C0

PT,1

50⇤ B0
s ! T 0

csK
0 C0

T + E0
B̄T

60⇤ B� ! T�
cs⇡0 C0

T + C0
TP

60⇤ B� ! T�
cs⌘ c�0 (C0

T + C0
TP )�

p
2s�0C0

PT,1

60⇤ B� ! T�
cs⌘0 s�0 (C0

T + C0
TP ) +

p
2c�0C0

PT,1

60⇤ B0 ! T�
cs⇡+

p
2C0

T

60⇤ B0 ! T�
csK+

p
2(C0

T + E0
B̄T

)

100⇤ B0 ! T+
c K�

q
2
3C

0
PT,1

100⇤ B0
s ! T+

c ⇡�
q

2
3E

0
B̄T

110⇤ B� ! T 0
c K

�
q

2
3C

0
PT,1

110⇤ B0 ! T 0
c K

0 �
q

2
3C

0
PT,1

110⇤ B0
s ! T 0

c ⇡
0 2p

3
E0

B̄T

120⇤ B� ! T�
c K

0 p
2C0

PT,1

120⇤ B0
s ! T�

c ⇡+
p
2E0

B̄T

130 B0 ! T+
c K� � 1

2
p

3
(3C0

TP � C0
PT,1)

130 B0
s ! T 0+

c ⇡� � 1
2
p

3
(3C0

TP � E0
B̄T

)

140 B� ! T 00
c K� � 1

2
p
3
(3C0

T + 3C0
TP � 2C0

PT,1)

140 B0 ! T 0
c K

0 � 1
2
p
3
(3C0

T � C0
PT,1)

140 B00
s ! T 00

c ⇡0 � 1
2
p

6
(3C0

TP � E0
B̄T

)

140 B0
s ! T 00

c ⌘

p
3c�0

2
p
2

(�C0
TP + E0

B̄T
) +

p
3s�0
2 (C0

T + C0
PT,1 + E0

B̄T
)

140 B0
s ! T 00

c ⌘0
p

3s�0

2
p

2
(�C0

TP + E0
B̄T

)�
p
3c�0
2 (C0

T + C0
PT,1 + E0

B̄T
)

150 B0
s ! T 0+

cs̄ K� � 1
2 (2C

0
TP � C0

PT,1 � E0
B̄T

)

160 B0 ! T 00+
c K� 1

2 (4T
0
P + C0

TP + C0
PT,1)

160 Bs
0 ! T 00+

c ⇡� 1
2 (C

0
TP + E0

B̄T
+ 4E0

B̄P
)

170 B� ! T 000
c K� 1

2 (4T
0
P + C0

T + C0
TP + 2C0

PT,1 + 4C0
PT,2)

170 B0 ! T 000
c K

0 1
2 (C

0
T + C0

PT,1 + 4C0
PT,2)

170 B0
s ! T 000

c ⇡0 1
2
p

2
(C0

TP + E0
B̄T

+ 4E0
B̄P

)

170 B0
s ! T 000

c ⌘
c�0

2
p

2
(C0

TP + 3E0
B̄P,1

+ 4E0
B̄P,2

)�
s�0
2 (C0

T + C0
PT,1 + 4C0

PT,2 + E0
B̄T

)

170 B0
s ! T 000

c ⌘0
s�0

2
p

2
(C0

TP + 3E0
B̄P,1

+ 4E0
B̄P,2

) +
c�0
2 (C0

T + C0
PT,1 + 4C0

PT,2 + E0
B̄T

)

180 B0
s ! T 00+

cs̄ K� 1
2 (4T

0
P + 2C0

TP + C0
PT,1 + E0

B̄T
+ 4E0

B̄P
)

there are twenty such modes in �S = �1 transitions. In �S = 0 transitions, eight out of

twelve flavor exotic states are involved, while in �S = �1 transitions, we also have eight

flavor exotic states involved. Explicitly, three doubly charged states are forbidden by charge
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c

T 0
cs
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cs̄
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c T ′′+

c

T−
c T++

c

T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄
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cs T+
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7𝟑⊗ 𝟖 = 𝟏𝟓⊕ 𝟔⊕ 7𝟑 𝟏𝟓⊗ 𝟖 = 𝟒𝟐⊕ 𝟐𝟒⊕ 𝟏𝟓
+
⊕𝟏𝟓⊕ 𝟏𝟓⊕ 𝟔⊕ 7𝟑



𝐵 → 𝑇𝑆 decays
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𝐵 → 𝑇𝑆 decays

n Eleven(nine) TA in scenario I (II)
n Only eight(seven) contribute to FES
n Three(four) combinations for FES with 𝑆 = 𝑎/, 𝜅
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𝑩 𝑶 ∼ 7𝟑⊗ 𝟖 = 𝟏𝟓⊕ 𝟔⊕ 7𝟑
𝑻𝑺 ∼ 𝟔⊗ 𝟖 = 𝟐𝟒⊕ 𝟏𝟓⊕ 𝟔⊕ 7𝟑
𝑻𝑺 ∼ 𝟏𝟓⊗ 𝟖 = 𝟒𝟐⊕ 𝟐𝟒⊕ 𝟏𝟓

+
⊕𝟏𝟓⊕ 𝟏𝟓⊕ 𝟔⊕ 7𝟑



TABLE XV: Bq ! Tcq0[q̄00q̄000]S decay amplitudes in �S = 0 transitions in scenario I.

# Mode A(Bq ! Tcq[q̄0q̄00]S)

2⇤ B0 ! T+
cs̄

� 1p
2
(CS + CST,2 � CTS,1 � 2CTS,2 + 2EB̄S,1 + EB̄T )

2⇤ B0
s ! T+

cs̄a
�
0 � 1p

2
(CST,1 + CST,2 � CTS,1 � 2CTS,2)

3⇤ B� ! T 0
cs̄

� CT � CS � CST,2 + CTS,1

3⇤ B0 ! T 0
cs̄

0 CT � 2CTS,2 + 2EB̄S,1 + EB̄T

3⇤ B0
s ! T 0

cs̄a
0
0

1p
2
(CST,1 + CST,2 � CTS,1 � 2CTS,2)

3⇤ B0
s ! T 0

cs̄f0 � c�p
2
(2CT � CST,1 � CST,2 � CTS,1 � 2CTS,2)

�s�(CS � CST,1 � CTS,1)

3⇤ B0
s ! T 0

cs̄�
s�p
2
(2CT � CST,1 � CST,2 � CTS,1 � 2CTS,2)

�c�(CS � CST,1 � CTS,1)

4⇤ B0 ! T 0
cs

0 CS � CST,1 + 2EB̄S,1 + EB̄T

5 B0 ! T+
c a�0

1p
2
(CS � CST,1 + 2EB̄S,1 + EB̄T )

6 B� ! T 0
c a

�
0 � 1p

2
(CS � CT + CST,2 � CTS,1)

6 B0 ! T 0
c a

0
0 � 1

2 (CT � CST,1 � CST,2 + CTS,1 + 2EB̄S,1 + EB̄T )

6 B0 ! T 0
c f0 � c�

2 (CT � CST,1 � CST,2 � CTS,1 � 2EB̄S,1 � EB̄T )

� s�p
2
(CS + CT � CST,1 � CTS,1 � 2CTS,2 + 2EB̄S,2 + EB̄T )

6 B0 ! T 0
c �

s�
2 (CT � CST,1 � CST,2 � CTS,1 � 2EB̄S,1 � EB̄T )

� c�p
2
(CS + CT � CST,1 � CTS,1 � 2CTS,2 + 2EB̄S,2 + EB̄T )

6 B0
s ! T 0

c 
0 1p

2
(CT � CS + CST,1 � 2CTS,2)

7 B0 ! T 00+
c a�0 � 1p

2
(2TS + CS + CST,1 + 2EB̄S,1 + 2EB̄S,2 � EB̄T )

8 B� ! T 000
c a�0 � 1p

2
(2TS + CS + CT + CST,2 + 2CST,3 + CTS,1)

8 B0 ! T 000
c a00

1
2 (CT � CST,1 + CST,2 + 2CST,3 + CTS,1 � 2EB̄S,1 � 2EB̄S,2 + EB̄T )

8 B0 ! T 000
c f0

c�
2 (CT � CST,1 + CST,2 + 2CST,3 � CTS,1 + 2EB̄S,1 + 2EB̄S,2 + 3EB̄T )

+
s�p
2
(CS + CT � CST,1 + 2CST,3 � CTS,1 � 2CTS,2 + 2EB̄S,1 + 2EB̄S,2 + EB̄T )

8 B0 ! T 000
c � � s�

2 (CT � CST,1 + CST,2 + 2CST,3 � CTS,1 + 2EB̄S,1 + 2EB̄S,2 + 3EB̄T )

+
c�p
2
(CS + CT � CST,1 + 2CST,3 � CTS,1 � 2CTS,2 + 2EB̄S,1 + 2EB̄S,2 + EB̄T )

8 B0
s ! T 000

c 0 � 1p
2
(CT + CS � CST,1 + 2CST,3 � 2CTS,2)

9 B0 ! T 00+
cs̄ � � 1p

2
(CS � CST,2 � CTS,1 � 2CTS,2 + 2EB̄S,1 + 2EB̄S,2 � EB̄T )

9 B0
s ! T 00+

cs̄ a�0 � 1p
2
(2TS + CST,1 + CST,2 + CTS,1 + 2CTS,2)

amplitudes, one can find relations on rates. For example, we have

�(B0
s ! T

+
cs̄a

�
0 ) = �(B0

s ! T
0
cs̄a

0
0),

�(B� ! T
0
cs̄

�) =

����
Vud

Vus

����
2

�(B� ! T
0
csa

�) = 2

����
Vud

Vus

����
2

(B0 ! T
0
csa

0
0), (54)

�(B0 ! T
0
cs

0) =

����
Vud

Vus

����
2

�(B0
s ! T

0
cs̄

0) = 2

����
Vud

Vus

����
2

(B0
s ! T

+
cs̄

�). (55)

In most of these cases, we need both �S = 0 and �1 transitions. Note that the last relations

are interesting, because all three flavor exotic states are involved.

The above relations can be understood as in the B ! TP case. From SU(3) symmetry,
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TABLE XVI: Bq ! Tcq0[q̄00q̄000]S decay amplitudes in �S = �1 transition in scenario I.

# Mode A0(Bq ! Tcq[q̄0q̄00]S)

2⇤ B0
s ! T+

cs̄
� 1p

2
(C0

S � C0
ST,1 + 2E0

B̄S,1
+ E0

B̄T
)

3⇤ B0
s ! T 0

cs̄
0 C0

S � C0
ST,1 + 2E0

B̄S,1
+ E0

B̄T

4⇤ B� ! T 0
csa

� C0
T � C0

S � C0
ST,2 + C0

TS,1

4⇤ B0 ! T 0
csa

0
0 � 1p

2
(C0

T � C0
S � C0

ST,2 + C0
TS,1)

4⇤ B0 ! T 0
csf0 � c�p

2
(C0

T + C0
S � 2C0

ST,1 � C0
ST,2 � C0

TS,1)

�s�(C0
T � C0

TS,1 � 2C0
TS,2)

4⇤ B0 ! T 0
cs�

s�p
2
(C0

T + C0
S � 2C0

ST,1 � C0
ST,2 � C0

TS,1)

�c�(C0
T � C0

TS,1 � 2C0
TS,2)

4⇤ B0
s ! T 0

cs
0 C0

T � 2C0
TS,2 + 2E0

B̄S,2
+ E0

B̄T

5 B0 ! T+
c � � 1p

2
(C0

ST,1 + C0
ST,2 � C0

TS,1 � 2C0
TS,2)

5 B0
s ! T+

c a� 1p
2
(C0

S + C0
ST,2 � C0

TS,1 � 2C0
TS,2 + 2E0

B̄S,1
+ E0

B̄T
)

6 B� ! T 0
c 

� 1p
2
(C0

S � C0
T + C0

ST,2 � C0
TS,1)

6 B0 ! T 0
c 

0 1p
2
(C0

S � C0
T � C0

ST,1 + 2C0
TS,2)

6 B0
s ! T 0

c a
0
0 � 1

2 (C
0
S + C0

ST,2 � C0
TS,1 � 2C0

TS,2 + 2E0
B̄S,1

+ E0
B̄T

)

6 B0
s ! T 0

c f0
c�
2 (C0

S + 2C0
T � 2C0

ST,1 � C0
ST,2 � C0

TS,1 � 2C0
TS,2 + 2E0

B̄S,1
+ E0

B̄T
)

� s�p
2
(C0

TS,1 + 2E0
B̄S,1

+ E0
B̄T

)

6 B0
s ! T 0

c � � s�
2 (C0

S + 2C0
T � 2C0

ST,1 � C0
ST,2 � C0

TS,1 � 2C0
TS,2 + 2E0

B̄S,1
+ E0

B̄T
)

� c�p
2
(C0

TS,1 + 2E0
B̄S,1

+ E0
B̄T

)

7 B0 ! T 00+
c � � 1p

2
(2T 0

S + C0
ST,1 + C0

ST,2 + C0
TS,1 + 2C0

TS,2)

7 B0
s ! T 00+

c a� � 1p
2
(C0

S � C0
ST,2 � C0

TS,1 � 2C0
TS,2 + 2E0

B̄S,1
+ 2E0

B̄S,2
� E0

B̄T
)

8 B� ! T 000
c � � 1p

2
(2T 0

S + C0
S + C0

T + C0
ST,2 + 2C0

ST,3 + C0
TS,1)

8 B0 ! T 000
c 0 � 1p

2
(C0

S + C0
T � C0

ST,1 + 2C0
ST,3 � 2C0

TS,2)

8 B0
s ! T 000

c a00 � 1
2 (C

0
S � C0

ST,2 � C0
TS,1 � 2C0

TS,2 + 2E0
B̄S,1

+ 2E0
B̄S,2

� E0
B̄T

)

8 B0
s ! T 000

c f0
c�
2 (2C0

T + C0
S � 2C0

ST,1 + C0
ST,2 + 4C0

ST,3 � C0
TS,1 � 2C0

TS,2

+2E0
B̄S,1

+ 2E0
B̄S,2

+ 3E0
B̄T

) +
s�p
2
(�C0

TS,1 + 2E0
B̄S,1

+ 2E0
B̄S,2

+ E0
B̄T

)

8 B0
s ! T 000

c � � s�
2 (2C0

T + C0
S � 2C0

ST,1 + C0
ST,2 + 4C0

ST,3 � C0
TS,1 � 2C0

TS,2

+2E0
B̄S,1

+ 2E0
B̄S,2

+ 3E0
B̄T

) +
c�p
2
(�C0

TS,1 + 2E0
B̄S,1

+ 2E0
B̄S,2

+ E0
B̄T

)

9 B0
s ! T 00+

cs̄ � � 1p
2
(2T 0

S + C0
S + C0

ST,1 + 2E0
B̄S,1

+ 2E0
B̄S,2

� E0
B̄T

)

we see that although we have eleven topological amplitudes, there are only three independent

combinations, namely C
(0)
ST,1 +C

(0)
ST,2 �C

(0)
TS,1 � 2C(0)

TS,2, C
(0)
T �C

(0)
S �C

(0)
ST,2 +C

(0)
TS,1 and C

(0)
S �

C
(0)
ST,1 + 2E(0)

B̄S,1
+ E

(0)
B̄T

, that contribute to modes involving flavor exotic states and a0 or .

These modes are related.

We now turn to scenario II. From Tables XVII and XVIII, we see that there are twenty-

two flavor exotic modes in �S = 0 transitions and twenty in �S = �1 transitions in

scenario I. In �S = 0 transitions, eight out of twelve flavor exotic states are involved, while

in �S = �1 transitions, we also have eight flavor exotic states involved. Explicitly, three

doubly charged states are forbidden by charge conservation, while T
+
cs is absent from the
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TABLE XVII: Bq ! Tcq0{q̄00q̄000}S decay amplitudes in �S = 0 transitions in scenario II.

# Mode A(Bq ! Tcq{q̄0q̄00}S)

20⇤ B0 ! T+
cs̄

� 1p
2
(CS + CST,2 � CTS,1 + EB̄T )

20⇤ B0
s ! T+

cs̄a
�
0

1p
2
(CST,1 � CST,2 � CTS,1)

30⇤ B� ! T 0
cs̄

� CT � CS � CST,2 + CTS,1

30⇤ B0 ! T 0
cs̄

0 CT + EB̄T

30⇤ B0
s ! T 0

cs̄a
0
0 � 1p

2
(CST,1 � CST,2 � CTS,1)

30⇤ B0
s ! T 0

cs̄f0 �
c�0p

2
(2CT + CST,1 � CST,2 + CTS,1) + s�0 (CS � CST,1 � CTS,1)

30⇤ B0
s ! T 0

cs̄�
s�0p

2
(2CT + CST,1 � CST,2 + CTS,1) + c�0 (CS � CST,1 � CTS,1)

50⇤ B0 ! T 0
cs

0 �CS + CST,1 + EB̄T

60⇤ B� ! T�
cs0 �

p
2(CS � CST,1 + CST,2)

60⇤ B0 ! T�
cs+

p
2(CST,2 + EB̄T )

80⇤ B0
s ! T+

cs̄s̄
� �

p
2(CS � CTS,1)

100⇤ B0 ! T+
c a�0

q
2
3 (CST,1 � CTS,1 + EB̄T )

110⇤ B� ! T 0
c a

�
0 �

q
2
3 (CT � CST,1 + CTS,1)

110⇤ B0 ! T 0
c a

0
0

1p
3
(CT + CST,1 � CTS,1 + 2EB̄T )

110⇤ B0 ! T 0
c f0

c�p
3
(CT + CST,1 + CTS,1) +

q
2
3 s�(CT � CS + CST,1 � CST,2 + CTS,1)

110⇤ B0 ! T 0
c � � s�p

3
(CT + CST,1 + CTS,1) +

q
2
3 c�(CT � CS + CST,1 � CST,2 + CTS,1)

110⇤ B0
s ! T 0

c 
0 �

q
2
3 (CT � CST,2)

120⇤ B� ! T�
c a00 CT � CST,1 + CTS,1

120⇤ B� ! T�
c f0 �c�0 (CT + CST,1 + CTS,1)�

p
2s�(CT � CS + CST,1 � CST,2 + CTS,1)

120⇤ B� ! T�
c � s�0 (CT + CST,1 + CTS,1)�

p
2c�CT � CS + CST,1 � CST,2 + CTS,1)

120⇤ B0 ! T�
c a+0

p
2(CT + EB̄T )

120⇤ B0
s ! T�

c +
p
2(CT � CST,2)

130 B0 ! T 0+
c a�0

1
2
p

3
(�3CS + CST,1 + 2CTS,1 + EB̄T )

140 B� ! T 00
c a�0

1
2
p

3
(CT � 3CS + 2CST,1 � 3CST,2 + CTS,1)

140 B00 ! T 0
c a

0
0 � 1

2
p
6
(CT + CST,1 � 3CST,2 � CTS,1 � EB̄T )

140 B0 ! T 00
c f0 � c�

2
p

6
(CT + CST,1 � 3CST,2 + CTS,1 � 3EB̄T ) � s�

2
p

3
(�CS + CT + CST,1 + 2CST,2 + CTS,1 + 3EB̄T )

140 B0 ! T 00
c �

s�
2
p

6
(CT + CST,1 � 3CST,2 + CTS,1 � 3EB̄T ) � c�

2
p

3
(�CS + CT + CST,1 + 2CST,2 + CTS,1 + 3EB̄T )

140 B0
s ! T 00

c 0 1
2
p

3
(CT + 3CS � 3CST,1 + 2CST,2)

150 B0 ! T 0+
cs̄ � 1

2 (�CS + CST,2 + CTS,1 + EB̄T )

150 B0
s ! T 0+

cs̄ a�0 � 1
2 (2CS � CST,1 + CST,2 � CTS,1)

160 B0 ! T 00+
c a�0

1
2 (4TS + CS + CST,1 + 2CTS,1 + 4EB̄S,2 + EB̄T )

170 B� ! T 000
c a�0

1
2 (4TS + CS + CT + 2CST,1 + CST,2 + 4CST,3 + CTS,1)

170 B0 ! T 000
c a00 � 1

2
p
2
(CT + CST,1 + CST,2 + 4CST,3 � CTS,1 � 4EB̄S,2 � EB̄T )

170 B0 ! T 000
c f0 � c�

2
p
2
(CT + CST,1 + CST,2 + 4CST,3 + CTS,1 + 4EB̄S,2 + 5EB̄T )

+
s�
2 (CS � CT � CST,1 � 2CST,2 � 4CST,3 � CTS,1 � 4EB̄S,2 � 3EB̄T )

170 B0 ! T 000
c �

s�
2
p

2
(CT + CST,1 + CST,2 + 4CST,3 + CTS,1 + 4EB̄S,2 + 5EB̄T )

+
c�
2 (CS � CT � CST,1 � 2CST,2 � 4CST,3 � CTS,1 � 4EB̄S,2 � 3EB̄T )

170 B0
s ! T 000

c 0 1
2 (CT � CS + CST,1 + 2CST,2 + 4CST,3)

180 B0 ! T 00+
cs̄ � 1

2 (�CS + CST,2 + CTS,1 + 4EB̄S,2 + EB̄T )

180 B0
s ! T 00+

cs̄ a�0
1
2 (4TS + 2CS + CST,1 � CST,2 + CTS,1)
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TABLE XVIII: Bq ! Tcq0{q̄00q̄000}S decay amplitudes in �S = �1 transition in scenario II.

# Mode A0(Bq ! Tcq{q̄0q̄00}S)

20⇤ B0
s ! T+

cs̄
� � 1p

2
(C0

S � C0
ST,1 � E0

B̄T
)

30⇤ B0
s ! T 0

cs̄
0 �C0

S + C0
ST,1 + E0

B̄T

40⇤ B0 ! T+
csa� �

p
2(C0

S � C0
TS,1)

50⇤ B� ! T 0
csa

� C0
T � C0

S � C0
ST,2 + C0

TS,1

50⇤ B0 ! T 0
csa

0
0 � 1p

2
(C0

T + C0
S � C0

ST,2 � C0
TS,1)

50⇤ B0 ! T 0
csf0 � c�p

2
(C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1)� s�(C0
T + C0

TS,1)

50⇤ B0 ! T 0
cs�

s�p
2
(C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1)� c�(C0
T + C0

TS,1)

50⇤ B0
s ! T 0

cs
0 C0

T + E0
B̄T

60⇤ B� ! T�
csa00 C0

T � C0
S � C0

ST,2 + C0
TS,1

60⇤ B� ! T�
csf0 �c�(C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1)�
p
2s�(C0

T + C0
TS,1)

60⇤ B� ! T�
cs� s�(C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1)�
p
2c�(C0

T + C0
TS,1)

60⇤ B0 ! T�
csa+

p
2(C0

T � C0
ST,2)

60⇤ B0
s ! T�

cs+
p
2(C0

T + E0
B̄T

)

100⇤ B0 ! T+
c � �

q
2
3 (C

0
S � C0

ST,1 + C0
ST,2)

100⇤ B0
s ! T+

c a�
q

2
3 (C

0
ST,2 + E0

B̄T
)

110⇤ B� ! T 0
c 

� �
q

2
3 (C

0
S � C0

ST,1 + C0
ST,2)

110⇤ B0 ! T 0
c 

0
q

2
3 (C

0
S � C0

ST,1 + C0
ST,2)

110⇤ B0
s ! T 0

c a
0
0

2p
3
(C0

ST,2 + E0
B̄T

)

120⇤ B� ! T�
c 0 �

p
2(C0

S � C0
ST,1 + C0

ST,2)

120⇤ B0
s ! T�

c a+
p
2(C0

ST,2 + E0
B̄T

)

130 B0 ! T 0+
c � 1

2
p
3
(2C0

S + C0
ST,1 � C0

ST,2 � 3C0
TS,1)

130 B0
s ! T 0+

c a�0
1

2
p
3
(3C0

S + C0
ST,2 � 3C0

TS,1 + E0
B̄T

)

140 B� ! T 00
c � � 1

2
p
3
(3C0

T � C0
S � 2C0

ST,1 � C0
ST,2 + 3C0

TS,1)

140 B0 ! T 00
c 0 � 1

2
p

3
(3C0

T + C0
S � C0

ST,1 � 2C0
ST,2)

140 B0
s ! T 00

c a00
1

2
p
6
(3C0

S + C0
ST,2 � 3C0

TS,1 + E0
B̄T

)

140 B0
s ! T 00

c f0

p
3c�

2
p

2
(2C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1 + E0
B̄T

) +
p
3s�
2 (C0

TS,1 � E0
B̄T

)

140 B0
s ! T 00

c � �
p

3s�
2
p

2
(2C0

T � C0
S + 2C0

ST,1 � C0
ST,2 + C0

TS,1 + E0
B̄T

) +
p

3c�
2 (C0

TS,1 � E0
B̄T

)

150 B0
s ! T 0+

cs̄ � 1
2 (C

0
S + C0

ST,1 � 2C0
TS,1 + E0

B̄T
)

160 B0 ! T 00+
c � 1

2 (4T
0
S + 2C0

S + C0
ST,1 � C0

ST,2 + C0
TS,1)

160 B0
s ! T 00+

c a� � 1
2 (C

0
S � C0

ST,2 � C0
TS,1 � 4E0

B̄S,2
� E0

B̄T
)

170 B� ! T 000
c � 1

2 (4T
0
S + C0

T + C0
S + 2C0

ST,1 + C0
ST,2 + 4C0

ST,3 + C0
TS,1)

170 B0 ! T 000
c 0 1

2 (C
0
T � C0

S + C0
ST,1 + 2C0

ST,2 + 4C0
ST,3)

170 B0
s ! T 000

c a00 � 1
2
p

2
(C0

S � C0
ST,2 � C0

TS,1 � 4E0
B̄S,2

� E0
B̄T

)

170 B0
s ! T 000

c f0 � c�
2
p
2
(2C0

T � C0
S + 2C0

ST,1 + 3C0
ST,2 + 8C0

ST,3 + C0
TS,1 + 4E0

B̄S,2
+ 5E0

B̄T
)

� s�
2 (C0

TS,1 + 4E0
B̄S,2

+ 3E0
B̄T

)

170 B0
s ! T 000

c �
s�
2
p

2
(2C0

T � C0
S + 2C0

ST,1 + 3C0
ST,2 + 8C0

ST,3 + C0
TS,1 + 4E0

B̄S,2
+ 5E0

B̄T
)

� c�
2 (C0

TS,1 + 4E0
B̄S,2

+ 3E0
B̄T

)

180 B0
s ! T 00+

cs̄ � 1
2 (4T

0
S + C0

S + C0
ST,1 + 2C0

TS,1 + 4E0
B̄S,2

+ E0
B̄T

)

�S = 0 transitions and T
+
cs̄s̄ from the �S = �1 transitions. The situation is similar to the

B ! TP case.
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𝐵!" → 𝑇𝑇 decays
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q̄k

qi

b c

Bc

T
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qp
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c̄ c̄
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b c

Bc

T

qk

qi

qp
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T

c̄ c̄

q̄k

q̄p

b qi

Bc

T

qk

qp

c

c̄

T

c̄ q̄j

q̄j

qi

b c

Bc

T

qp
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q̄k

qk

T

c̄ c̄

b c

Bc

T

T

c̄ c̄

q̄k

qk

q̄j

qi

qp

q̄p q̄k

qk

b c

Bc

T

qp

q̄p

q̄j

qi

T

c̄ c̄

qk

q̄k

b q̄j

Bc

T

q̄p

qp

c

c̄

T

c̄ qi
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n Seven TA, only three contribute to full FES
n Only one (two) independent combinations for FES in scenario I  (II)



n One comb.
n 𝑇00 OK
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TABLE XIX: B�
c ! TT decay amplitudes with T = Tcq[q̄0q̄00] in �S = 0 and �S = �1 transitions

in scenario I.

# Mode A(B�
c ! TT )

(2⇤, 1̄⇤) B�
c ! T+

cs̄T
��
c̄s

1p
2
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(3⇤, 2̄⇤) B�
c ! T 0

cs̄T
�
c̄s � 1p

2
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(6, 5̄) B�
c ! T 0

c T
�
c̄ � 1

2 (CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(3⇤, 9̄) B�
c ! T 0

cs̄T
00�
c̄s � 1p

2
(2CT � CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(6, 7̄) B�
c ! T 0

c T
00�
c̄ � 1

2 (2CT � CT̄ T,1 + 2CT T̄ + 2AT̄ T )

(8, 5̄) B�
c ! T 000

c T
�
c̄

1
2 (2CT̄ � CT̄ T,1 + 2CT T̄ + 2AT̄ T )

(9, 1̄⇤) B�
c ! T 00+

cs̄ T
��
c̄s � 1p

2
(2CT̄ � CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(8, 7̄) B�
c ! T 000

c T
00�
c̄

1
2 (2CT + 2CT̄ + CT̄ T,1 + 4CT̄ T,2 + 2CT T̄ + 4AT̄ T + 2AT T̄ )

# Mode A0(B�
c ! TT )

(4⇤, 5̄) B�
c ! T 0

csT
�
c̄ � 1p

2
(C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(5, 1̄⇤) B�
c ! T+

c T
��
c̄s � 1p

2
(C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(6, 2̄⇤) B�
c ! T 0

c T
�
c̄s

1
2 (C

0
T̄ T,1

+ 2C 0
T T̄

+ 2A0
T T̄

)

(4⇤, 7̄) B�
c ! T 0

csT
00�
c̄ � 1p

2
(C 0

T � C 0
T̄ T,1

+ 2C 0
T T̄

+ 2A0
T T̄

)

(6, 9̄) B�
c ! T 0

c T
00�
c̄s

1
2 (2C

0
T � C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(8, 2̄⇤) B�
c ! T 000

c T
�
c̄s

1
2 (2C

0
T̄
� C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(7, 1̄⇤) B�
c ! T 00+

c T
��
c̄s

1p
2
(2C 0

T̄
� C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(8, 9̄) B�
c ! T 000

c T
00�
c̄s

1
2 (2C

0
T + 2C 0

T̄
+ C 0

T̄ T,1
+ 4C 0

T̄ T,2
+ 2C 0

T T̄
+ 4A0

T̄ T
+ 2A0

T T̄
)

doubly charged state, T++
cs̄ , but all three members in the S = +1 isotriplet, (T++

cs̄ , T
+
cs̄ , T

0
cs̄),

participate in these two modes.

Although there are three topological amplitudes CT T̄ , CT̄ T,1, and AT T̄ that can contribute

to these modes, they occur in a unique combination, namely CT̄ T,1 + 2CT T̄ + 2AT T̄ . Hence,

the rates of the above two modes are highly related; in fact, they are identical

�(B�
c ! T

+
cs̄T

��
c̄s ) = �(B�

c ! T
0
cs̄T

�
c̄s). (61)

This can be easily understood. B
�
c is an SU(3) singlet, the operator (c̄b)(d̄u) belongs to

a 8. For flavor exotic T and T , they form 6 ⌦ 6̄, in scenario I. There is only one 8 from

6⌦ 6̄ = 27� 8� 1, see Eq. (A8), and, hence, there is only one combination that can match
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S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

𝑩𝒄 𝑶 ∼ 𝟏⊗ 𝟖 = 𝟖
𝑻 𝑻 ∼ 𝟔⊗ 7𝟔 = 𝟐𝟕⊕ 𝟖⊕ 𝟏

I3

S

T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c



𝑻𝑻 ∼ 𝟏𝟓⊗ 𝟏𝟓
= 𝟔𝟒⊕ 𝟑𝟓⊕ 𝟑𝟓
⊕ 𝟐𝟕⊕ 𝟐𝟕
⊕ 𝟏𝟎⊕ 𝟏𝟎
⊕ 𝟖⊕ 𝟖⊕ 𝟏

n 2 comb.
n All FES 

involved
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TABLE XX: B�
c ! TT decay amplitudes with T = Tcq{q̄0q̄00} in �S = 0 transition.

# Mode A(B�
c ! TT )

(50⇤, 4
0⇤
) B�

c ! T 0
csT

�
c̄s̄

p
2CT̄ T,1

(60⇤, 5̄0⇤) B�
c ! T�

csT
0
c̄s̄

p
2CT̄ T,1

(80⇤, 7̄0⇤) B�
c ! T+

cs̄s̄T
��
c̄ss 2(CT T̄ +AT T̄ )

(20⇤, 1̄0⇤) B�
c ! T+

cs̄T
��
c̄s

1p
2
(CT̄ T,1 � 2CT T̄ � 2AT T̄ )

(30⇤, 2̄0⇤) B�
c ! T 0

cs̄T
�
c̄s � 1p

2
(CT̄ T,1 � 2CT T̄ � 2AT T̄ )

(100⇤, 9̄0⇤) B�
c ! T+

c T
��
c̄

2p
3
(CT̄ T,1 � CT T̄ �AT T̄ )

(110⇤, 10
0⇤
) B�

c ! T 0
c T

�
c̄

4
3 (CT̄ T,1 � CT T̄ �AT T̄ )

(120⇤, 11
0⇤
) B�

c ! T�
c T

0
c̄ � 2p

3
(CT̄ T,1 � CT T̄ �AT T̄ )

(30⇤, 15
0
) B�

c ! T 0
cs̄T

0�
c̄s

1
2 (CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(110⇤, 13
0
) B�

c ! T 0
c T

0�
c̄ � 1

3
p
2
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(120⇤, 14
0
) B�

c ! T�
c T

00
c̄

1p
6
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(130, 9̄0⇤) B�
c ! T+

cdd̄d̄
T

��
c̄ūdd

1p
6
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(140, 10
0⇤
) B�

c ! T 00
c T

�
c̄

1
3
p
2
(CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(150, 1̄0⇤) B�
c ! T+

cs̄T
��
c̄s

1
2 (CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(140, 13
0
) B�

c ! T 00
c T

0�
c̄

1
12 (13CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(30⇤, 1̄80) B�
c ! T 0

cs̄T
00�
c̄s

1
2 (4CT + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(120⇤, 17
0
) B�

c ! T�
c T

000
c̄

1p
2
(4CT + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(140, 16
0
) B�

c ! T 00
c T

00�
c̄

1
4
p
3
(4CT + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(110⇤, 16
0
) B�

c ! T 0
c T

00�
c̄ � 1p

6
(4CT + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(160, 9̄0⇤) B�
c ! T 00+

c T
��
c̄

1p
2
(4CT̄ + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(170, 10
0⇤
) B�

c ! T 000
c T

�
c̄

1p
6
(4CT̄ + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(170, 13
0
) B�

c ! T 000
c T

0�
c̄

1
4
p
3
(4CT̄ + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(180, 1̄0⇤) B�
c ! T 00+

cs̄ T
��
c̄s

1
2 (4CT̄ + CT̄ T,1 + 2CT T̄ + 2AT T̄ )

(170, 16
0
) B�

c ! T 000
c T

00�
c̄

1
4 (4CT + 4CT̄ + 5CT̄ T,1 + 16CT̄ T,2 + 2CT T̄ + 16AT̄ T + 2AT T̄ )

the SU(3) quantum numbers of the decaying particle B
�
c , the operator (c̄b)(d̄u), and the

flavor exotic final state T , T .

If one of the T or T is allowed to be non-flavor exotic, we have two additional modes in
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T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

T−
c T++

c

T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄

T−
cs T+

cs

𝑩𝒄 𝑶 ∼ 𝟏⊗ 𝟖 = 𝟖
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TABLE XXI: B�
c ! TT decay amplitudes with T = Tcq{q̄0q̄00} in �S = �1 transition in scenario II.

# Mode A0(B�
c ! TT )

(20⇤, 7̄0⇤) B�
c ! T+

cs̄T
��
c̄ss C 0

T̄ T,1

(30⇤, 8̄0⇤) B�
c ! T 0

cs̄T
�
c̄ss

p
2C 0

T̄ T,1

(100⇤, 1̄0⇤) B�
c ! T+

c T
��
c̄s

q
2
3C

0
T̄ T,1

(110⇤, 2̄0⇤) B�
c ! T 0

c T
�
c̄s

2p
3
C 0

T̄ T,1

(120⇤, 3̄0⇤) B�
c ! T�

c T
0
c̄s

p
2C 0

T̄ T,1

(40⇤, 9̄0⇤) B�
c ! T+

csT
��
c̄ 2(C 0

T T̄
+A0

T T̄
)

(50⇤, 10
0⇤
) B�

c ! T 0
csT

�
c̄ 2

q
2
3 (C

0
T T̄

+A0
T T̄

)

(60⇤, 11
0⇤
) B�

c ! T�
csT

0
c̄

2p
3
(C 0

T T̄
+AT T̄ )

(50⇤, 13
0
) B�

c ! T 0
csT

0�
c̄ � 1

2
p
3
(3C 0

T̄ T,1
� 2C 0

T T̄
� 2A0

T T̄
)

(60⇤, 14
0
) B�

c ! T�
csT

00
c̄ � 1p

6
(3C 0

T̄ T,1
� 2C 0

T T̄
� 2A0

T T̄
)

(140, 15
0
) B�

c ! T 00
c T

0�
c̄s

p
3
4 (3C 0

T̄ T,1
� 2C 0

T T̄
� 2A0

T T̄
)

(150, 7̄0⇤) B�
c ! T 0+

cs̄ T
��
c̄ss

1p
2
(C 0

T̄ T,1
� 2C 0

T T̄
� 2A0

T T̄
)

(130, 1̄0⇤) B�
c ! T 0+

c T
��
c̄s

1
2
p
3
(C 0

T̄ T,1
� 6C 0

T T̄
� 6A0

T T̄
)

(140, 2̄0⇤) B�
c ! T 00

c T
�
c̄s

1
2
p
6
(C 0

T̄ T,1
� 6C 0

T T̄
� 6A0

T T̄
)

(50⇤, 16
0
) B�

c ! T 0
csT

00�
c̄

1
2 (4C

0
T + C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(60⇤, 17
0
) B�

c ! T�
csT

000
c̄

1p
2
(4C 0

T + C 0
T̄ T,1

+ 2C 0
T T̄

+ 2A0
T T̄

)

(140, 18
0
) B�

c ! T 00
c T

00�
c̄s �

p
3
4 (4C 0

T + C 0
T̄ T,1

+ 2C 0
T T̄

+ 2A0
T T̄

)

(160, 1̄0⇤) B�
c ! T 00+

c T
��
c̄s

1
2 (4C

0
T̄
+ C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(170, 2̄0⇤) B�
c ! T 000

c T
�
c̄s

1
2
p
2
(4C 0

T̄
+ C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(170, 15
0
) B�

c ! T 000
c T

0�
c̄s

1
4 (4C

0
T̄
+ C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(180, 7̄0⇤) B�
c ! T 00+

cs̄ T
��
c̄ss

1p
2
(4C 0

T̄
+ C 0

T̄ T,1
+ 2C 0

T T̄
+ 2A0

T T̄
)

(170, 18
0
) B�

c ! T 000
c T

00�
c̄s

1
4 (4C

0
T + 4C 0

T̄
+ 5C 0

T̄ T,1
+ 16C 0

T̄ T,2
+ 2C 0

T T̄
+ 16A0

T̄ T
+ 2A0

T T̄
)

�S = 0 transitions and six modes in �S = �1 transitions.

We now turn to scenario II. This situation is rather di↵erent. From Tables XX and XXI,

we see that, we now have eight modes in �S = 0 transitions with both flavor exotic T

and T involved, and eight other modes in �S = �1 transitions. Interestingly, all flavor

exotic states are involved in these decays. Furthermore, the amplitudes of all these modes
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T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄

T ′′0
c T ′′+

c

T−
c T++

c

T ′0
c T ′+

c

T ′+
cs̄

T+
cs̄s̄ T++

cs̄s̄

T−
cs T+

cs

n 2 comb.
n All FES 

involved
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TABLE XXII: Participation of flavor exotic states in scenario I in B ! DT , B ! T , B ! TP ,

B ! TS and B�
c ! TT decays in �S = 0 and �S = �1 transitions. Those with parentheses

are modes also involving non-flavor exotic states. These results and those in the Tables can be

generalized with D and P replaced with D⇤ and V , respectively.

Decays T++
cs̄ T+

cs̄ T 0
cs̄ T 0

cs Tables

B ! DT , �S = �1 X X X X VII

B ! DT , �S = 0 X X X X VII

B ! DT , �S = �1 X X X X IX

B ! DT , �S = 0 X X X X IX

B ! TP , �S = 0 X X X X XII

B ! TP , �S = �1 X X X X XII

B ! TS, �S = 0 X X X X XV

B ! TS, �S = �1 X X X X XVI

B�
c ! TT , �S = 0 X X X X XIX

B�
c ! TT , �S = �1 (X) (X) X (X) XIX

amplitudes by decomposing them into several topological amplitudes, where P is a light

psedo-scalar particle and S is a low-lying scalar particle. Later on, weak decay amplitudes

of B ! DT , DT and B ! TP , TS decays are also decomposed topologically. In addition,

B
�
c ! TT decays are also discussed. Our results can be extended to other modes by

replacing D and P with D
⇤ and V , respectively. Our main results are:

• We introduce two di↵erent scenarios of charmed tetraquarks Tcqq̄q̄, where in scenario I

the light antiquarks are antisymmetric, while in scenario II they are symmetric. Sce-

nario I consists of a 6 and a 3̄, while scenario II consists of a 15 and another 3̄.

Furthermore, Tcs0(2870)0, T ⇤
cs̄0(2900)

0 and T
⇤
cs̄0(2900)

++ can be in 6 or 15, but only in

one of them at the same time.

• In scenario I, we identify four flavor exotic states, namely T
++
cs̄ , T+

cs̄ , T
0
cs̄ and T

0
cs, where

the first three are in the S = +1 isotriplet, while the last one is an S = �1 isosinglet,

see Fig. 1 (a). They are in 6. These four states are protected by their isospin and

S quantum numbers from mixing with other states in the scenario. Note that T
+
cs̄
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T++
cs̄T+

cs̄T 0
cs̄

T 0
c T+

c

T 0
cs

T ′′+
cs̄
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c T ′′+

c
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TABLE XXIII: Participation of flavor exotic states in scenario II in B ! DT , B ! T , B ! TP ,

B ! TS and B�
c ! TT decays in �S = 0 and �S = �1 transitions. These results and those in

the Tables can be generalized with D and P replaced with D⇤ and V , respectively.

Decays T++
cs̄ T+

cs̄ T 0
cs̄ T+

cs T 0
cs T�

cs Tables

B ! DT , �S = �1 X X X X X X VIII

B ! DT , �S = 0 X X X X X X VIII

B ! DT , �S = �1 X X X X X X X

B ! DT , �S = 0 X X X X X X X

B ! TP , �S = 0 X X X X X X XIII

B ! TP , �S = �1 X X X X X X XIV

B ! TS, �S = 0 X X X X X X XVII

B ! TS, �S = �1 X X X X X X XVIII

B�
c ! TT , �S = 0 X X X X X X XX

B�
c ! TT , �S = �1 X X X X X X XXI

Decays T++
cs̄s̄ T+

cs̄s̄ T++
c T+

c T 0
c T�

c Tables

B ! DT , �S = �1 X X X X X X VIII

B ! DT , �S = 0 X X X X X X VIII

B ! DT , �S = �1 X X X X X X X

B ! DT , �S = 0 X X X X X X X

B ! TP , �S = 0 X X X X X X XIII

B ! TP , �S = �1 X X X X X X XIV

B ! TS, �S = 0 X X X X X X XVII

B ! TS, �S = �1 X X X X X X XVIII

B�
c ! TT , �S = 0 X X X X X X XX

B�
c ! TT , �S = �1 X X X X X X XXI

cannot be identify with Tcs0(2870)0, T ⇤
cs̄0(2900)

0 or T ⇤
cs̄0(2900)

++ and it has not been

considered a flavor exotic state before. It is new.

• In scenario II, we identify twelve flavor exotic states, which are in the S = +1

isotriplet, (T++
cs̄ , T

+
cs̄ , T

0
cs̄), the S = �1 isotriplet, (T+

cs , T
0
cs, T

�
cs), the S = +2 isodou-
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T 0
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c T ′′+

c

T−
c T++

c

T ′0
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Conclusion
n We study the decays of heavy mesons to charmed 

tetraquark states using a topological amplitude 
approach.

n We consider two scenarios (anti-sym. & sym.)
n Identify 4+12 flavor exotic states (FES)
n The 𝑇 → 𝐷𝑃 and 𝐷𝑆 strong decay amplitudes are 

decomposed into several topological amplitudes
n Modes with FES are highly related
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T 0
c T+
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T 0
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T ′′0
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c



Conclusion
n Weak decay amplitudes of 𝐵 → 𝐷 𝑇 , 𝐷 𝑇 and 𝐵 → 𝑇𝑃, 
𝑇𝑆 decays are also decomposed topologically. 

n Modes with flavor exotic states are highly related.
n Need to consider both Δ𝑆 = 0,−1 transitions to test 

relations (FES in the same multiplet?) 
n 𝐵!% → 𝑇𝑇 decays are also discussed.
n Many/All FES are involved in 𝐵!% → 𝑇𝑇 decays  
n Modes with FES are highlighted.
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n In both scenarios

n Agree with a recent LHCb result (PRL134, 101901)

TABLE XI: Participation of T ⇤
cs̄0(2900)

++, T ⇤
cs̄0(2900)

0 and T ⇤
cs0(2870)

0 in B ! DT and B ! DT

decays in �S = �1 and �S = 0 transitions. TA stands for topological amplitude.

Decays T ⇤
cs̄0(2900)

++ T ⇤
cs̄0(2900)

0 T ⇤
cs0(2870)

0 TA involved

B ! DT , �S = �1 X X X CT̄

B ! DT , �S = �1 X X X CD̄T

B ! DT , �S = 0 X X X C 0
T̄

B ! DT , �S = 0 X X X C 0
D̄T

agreeing with

�(B� ! D
�
T

0
cs, T

0
cs ! D

+
K

�) = �(B� ! D
�
T

0
cs, T

0
cs ! D

0
K

0
), (35)

which can be inferred from Tables III and IV in scenarios I and II, respectively.

Modes in 3 or 3
0
are also related. From Table VII and Table VIII, one can infer the

following relations on rates in both scenarios,

�(B0 ! D
�
s T

00+
c ) = �(B� ! D

�
s T

000
c ) =

����
Vcs

Vcd

����
2

�(B� ! D
�
T

000
c )
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����
Vcs

Vcd

����
2

�(B0
s ! D

�
T

00+
cs̄ ), (36)

�(B0
s ! D

�
s T

00+
cs̄ ) =

����
Vcs

Vcd

����
2

�(B0 ! D
�
T

00+
c ), (37)

and

�(B0
s ! D

�
T

00+
c ) = �(B0

s ! D
0
T

000
c ) =

����
Vcs

Vcd

����
2

�(B0 ! D
0
T

000
c )

=

����
Vcs

Vcd

����
2

�(B0 ! D
�
s T

00+
cs̄ ). (38)

As they have contributions from external W amplitudes, TD̄ or T 0
D̄, the rates in Eqs. (36)

and (37) are expected to be larger than those in Eq. (38) in the same �S transition.

In ref. [34] the amplitudes of the following four modes in �S = �1 transitions in

scenario II, namely B
0 ! D

�
T

+
cs , B

� ! D
�
T

0
cs, B

0 ! D
0
T

0
cs and B

� ! D
0
T

�
cs decays, were

also given. Their results agree with those shown in Table X, but with CD̄T replaced with

T3VcbV
⇤
cs, while the rest in Table X and all in Table IX are new.
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