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Introduction

In 2020, LHCD reported the observation of a charmed

tetraquark T/, (2870)% in
B~ - DT} (2870)°, T} (2870)° - DT K~ decay

The minimal quark content for T}, (2870)° : cstuid

In 2022, two more charmed tetraquarks, namely
T}50(2900)° and T};,(2900)**, are reported by LHCb in
B° - D° D;mn* and B~ - D' D; n~ decays.

They have quark contents, cdsiu and cuds.

These three states are flavor exotic states (FES).



Introduction

We will study the decays of heavy mesons to these
charmed tetraquark states (7).

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)

A study along this line was done in 2022 by Qin, Qiu
and Yu (QQY).



Introduction

We will consider two scenarios, where T = T ;77 5/'1

(antisym. antiquarks) or T =T, 73 (Sym. antiquarks)
We will first obtainthe T — DP and DS strong decay

amplitudes by decomposing them into several TA

Weak decay amplitudesof B— DT ,DTand B - TP, TS
decays will also be decomposed topologically.

In addition, B - TT decays will also be discussed.

Using these results, modes with an unambiguous exotic
interpretation in flavor will be highlighted.



Scenario I (T =T g5 )

S [’ q"'] (antisym.)is a 3
33=6D3
Isotriplet,

iIsodoublet,

singet in 6 (traceless)
Four flavor exotic states

Three for T/5,(2900)°,
Tr50(2900)** and

Téso (2870)°

The other one is new 5
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Scenario I (T =T g5 )

alq q
S [ q"'] (antisym.)is a 3
Tes 33=6®3
Isotriplet,
7" iIsodoublet,
p; singet in 6 (traceless)

Four flavor exotic states
Three for T:,(2900)°,
Tr50(2900)** and

Téso (2870)°

The other one is new 5




Scenario 1L (T =T 57 zm)

TH Y T (' 3"} (sym.)isa 6

S
36=15 D3
Isodoublet,

Isotriplet, isosinglet,
Iso-quartet, isodoublet,

isotripet in 15 (traceless)

Twelve flavor exotic
states (FES)

Three FES have not
been discussed
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{gq"} (sym.)isa 6
36=15 D3
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Isotriplet, isosinglet,
Iso-quartet, isodoblet,

isotripet in 15 (traceless)

Twelve flavor exotic
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Three FES have not
been discussed



3 topological amplitudes
I' > DP decays TA

Subscripts denote
mesons receiving light
(anti) quark of T

F: fall apart
AC: annihilation-creation

g
g
() Only one contributes to
g
g

flavor exotic states
(traceless)

Highly related




TABLE III: T'— DP decay amplitudes in scenario I, with T = T, iz
# Mode A(T — DP) Mode A(T — DP)
1* Tt - DK+ Fpp Tt = Dipt —Fpp
2* Tt — DK+ \%FDF Tt - DYK° —%FDP
ng — D;_TFO Fpp
3* Ty — DK Fpp TS, — Dfn~ —Fpp
4 To, — DK’ Fpp TS, — DTK~ —Fpp
5 T, — Dn+ JsFpp T — D*x® —3Fpp
—0 Cut 25,41
T+ — DIK —%FDP T;rmg — D _%”FDP
TS — Dy 7\/5%;_%/ Fpp
6 T°— D70 —3Fpp T° — Dtn— —%P
_ /+\/§‘ ’
TS - DfK %FDP T . — Dty 4 ; ' Fop
\/§C 1 —S8_
TCO — D+77/ —7‘1)2 & FDP

Amp. of states T in 6 are highly related
(DP~3®8=15& 6 D 3)

All FES modes are highly related




TABLE IV: T'— DP decay amplitudes in scenario II, with T" = T, (g4

#  Mode A(T — DP) Mode A(T — DP)

1* TET - DtK+ Fpp TET — DIt Fpp

2% T - DK+ %FDP Tt — DtKO —%FDP
Tt — DFr0 Fpp

3% TY — DOKO Fpp 79, — Dfn— Fpp

4% TH 5 DYRP V2Fpp

5 19, — DK’ Fpp 79, — DYK— Fpp

6" T3 — DK~ V2Fpp

7% TEF - DYKT V2Fpp

8* T — DIKO V2Fpp

o* TSt 5 Dtpt V2Fpp

10 T+ — DOx+ \/gFDp T — D0 2 Fpp

11+ TO — D070 2 Fpp TO 5 Dtr— —\/2Fpp

12'* T; — DOx— V2Fpp

13 T/ — DOxt 2—\1/§FDP T/t = Dtx0 —ﬁFDP
T+ Dtn @(04)/ + \/§s¢/)FDp T+ - Dtyn/ @(sw - \/§C¢/)FDP
Tt & DK’ ~BFpp

14/ T - DOr0 55 Fop T/° — DOy V6 ey + V2540 ) Fpp
T/ — DOy V6 (540 — /2y ) Fpp T — Dt r— s Fop
T - DIK— ~Brpp

15 T/& — DK+ iFpp T/Y — DtKO 1Fpp
T.f — Din 5 (cor + V254 ) Fpp T,& — Din —=(s4r —V2¢y)FDp

= Amp. of
states T
in|15
/[FES are
highly
related

(DP ~3 ® 8 =150 6 B 3)



T > DS decays

C
C —
— @ h
‘ dp 7
C S q' qi q
aj 7’
qk q"

k

¢’ 7 @
ace. ) < "
0 C &

qx; q

¢ q
qi C 7’
s il

» 4 (3) TAin scenario | (ll), only 2 (1) contribute to FES

= Only one combination, DS ~3 ® 8 =

15

D6 D3
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Tes

T T
TABLE V: T — DS decay amplitudes in scenario I, with T" = T¢gz141- V V
# Mode A(T — DS) Mode A(T — DS)
0

1* Tt — Dtet 205 + Cps T:" — Dfad —(2Cs + Cpg) " "
2* Tt — D+ 5(2Cs + Cps) Tk — D*g0 —5(2Cs + Cps) 7,

Tt — D}a —2(Cs + Cps)
3* TY. — DY%° 2Cs + Cps TS — Dfag —(2Cs + Cps)
4* TO — DOg? 2Cs + Cps T% — Dk~ —(2Cs + Cps)
5 T+ — D 75(2Cs + Cps) T+ — D*a —1(2Cs + Cps)

T+ — DI&° ~75(2Cs + Cps) T+ — D*o 1(V2¢4 + 54)(2Cs + Cps)

T+ — D%t fy —2(cy —V254)(2Cs + Cps)
6 TO— D% —2(2Cs + Cps) T° - Dtay —75(2Cs + Cps)

T9 — Dtk 75(2Cs + Cps) T° - D*o —1(V2¢y + 54)(2Cs + Cps)

TO — Dt fy 1(cs — V254)(2Cs + Cps)

Amp. of states in 6 / FES are highly related (one comb.)

11



T T

S5 css

TABLE VI: T — DS decay amplitudes in scenario II, with T' = T, (z41}-
# Mode A(T — DS) Mode A(T — DS)
1" TEY o DYet Cps TLT = Diag Cps
2% Th = DOkt %CDS Tt = DTk0 —%CDS T e s
Tt — Dfaf Cps
3% T — DOkO Cps 1% — Dfay Cps
4’ TH = DR V2Cps fes e e
5 TO — DORO Cps TO — Dt k-~ Cps
6'*  Tos — D%~ V2Cpg
7 TS - Digt V2Cps
8™  Th — DFkO V2Cps [= Am p . Of T
9*  TFT = Dtaf V2Cps . e
10 T — DOag \/gCDS T — D+af 2 Cps | n 1 5 /F ES
11 T9 — D%Y 2Cps TO — Dtag —\/chs ]
12”* T, — DOy V2Cps a re h Ig h Iy
13 1,7 — D% ﬁchS Te™ — D%ad 72%/€ch
Tt - Dto —%(ﬁc(ﬁ +54)Cps T+ - Dt fo —%(\/ésd) —¢4)Cps I t d
T.t — DFRO ~¥3Cps re a e
14/ T/ — D%Y %ﬁcDS T — Dtag ZIWCDS
T - Dto —%(ﬁ% +54)Cps T — Dt fy —%(ﬁs‘p —¢4)Cps
T — Dk~ ~BCpg
15 T/F — DOt 1Cps T!T — DHg0 1Cps

T!Y - Dfo

1
V2

(V2¢p + 54)Cps

T'Y — D fo

—25(V2sy —¢4)Cps

12



B> DT decays

=

§‘<q .
qi
q
(]

4;
q

{
|

<
qu
<

Three topological amplitudes
Subscripts denote mesons
receiving cs(d) from W — cq
C, T, E: Internal W, External
W, Exchange diagrams

Only one contributes to FES
(traceless)

Amp. Of modes with FES are
highly related

13



— _ T T Tt
TABLE VII: B; — DTgqqq decay amplitudes in AS = —1 and AS = 0 transitions in scenario I.
# Mode A(Eq — DTEq[q/q”]) # Mode A(Bq — Dch[q’q”]) g g
—_—— —_ —_— [‘
1*  B™ — DT, —Cr 2* BT — DTy, ~55Cr " & 3
- =0 +AR 1 9% o0 0_(_) — (O
2*  BY—= DT, 5501 3* B — DT, v "
5 B> DT, —%Cf 6 BY— DT, \/%OT-
_ — — = = — =110
7  BY— DT, \/%(CT +2E75) 8 BY— DT, \/%(CT +2E75)
9 B —D'T. ~L(Cr+2Ty) 9 B DT —25(Cr +2T7) = Modes
9 BY — D+Til_ \/5(—TT -+ ETB) 1
e _ with states
# MOde A/(Eq — DTEq[q'q”]) # Mode Al(Bq — Dch{q’q”}) .
UL I — : in 6 / FES
1* B~ — DIT,, /. 2*  BY— DIT,, -%
“x p— —0
1 BY— DTo, —ct, are hlghly
5 B DT, =7 5 B DT, 50 related
6 B"— DT, -
7 B - DT ~55(Ch+21) T B DT V2(EL, — Th)
_ — — = — — —1/0
7  BY— DIT, — 2= (CL + 2T%) 8  B"— DT, 2=(CL+ 2E% )
9 B> DIT. L(CL+2ELy)

V2

14



‘ Relations on rates

(B~ —= DT, ) =T'(B"—= D'T.)=2I'(B* - D™T_ ) = 2I'(B~ — D°T_,)
2 2
| Yes (B~ —= DT, )=2|-"=| I'(B"— DIT,,)
Ved cd
2
| X pme s o7,
Ved

= All four FES are involved (2 LHCb modes)
= But need AS = —1 and AS = 0 transitions

15
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TABLE VIII: B — DT

cq{d'q

n decay amplitudes in AS = —1 and 0 transitions in scenario IL

#  Mode A(By = DTgq9qm) #  Mode A(By = DT sq1q41})

2% B” = D'T, 507

3*  BY— DT,

BY — DIT_,,

13 Bl > DIT, —3Cr 14 Bl DT, —3Cr
¥ B~ — D'T., 1os 15  B°— DT, lor T T, T
15 B — D{T., —-Cr
1 BY— DT, NCp+4Bp5) 17 BY— DTV HCr + 4E7p) . .
¥ B — DTy, 1(Tr + Cp) ¥  B°— DT, $(4Tp + Cp) N MOdeS Wlth T N
18  BY— DIT.. 2T + C + 2E75 15 /FES are
# Mode A'(By — Dch[q o) # Mode A'(B, — DTéq{q/q//})
R highly related
i B DT V2cy, 5% B°— DOTY .
9« B~ = DT, Vacy, 0" B~ = D'T, NETe/ -~ 4 mOd es have
0 B - DT, -\/2¢; 7 B — DOT" -\/2¢;
R been considered
¥  BY— DIT. 3oy, W  BY— DTY 555Gk
5B DTS 3G by QQY
1§ B~ — DT/~ LTy + k) 16 B DT, 2T5+Ch+2E,
6 BY— DT 2(4T7 + CF) 7 B’ DT, 2(CF +4Ez5)
1%  B°— D{T. 3(ChL+4EL ) 16



Relations on rates

OT(B~ — D'T. ) = 4T(B~ — D°T.) = AT(B" — D'T_,) = 2I(B° — D°T,,)

= I'(B~- = DT )=T(B"— DIT,_,)

2 2
Ves

_ 9 N(B~ = DT ) =4|Y=| 1B = D+T.)

Ve ed
Viel? . — — Vi | — —0
= || T(B} = D'Tg) =2|—| T'(B} = D°Tg)
Ved Ved
v 2 - v 2 -
= |2 I'(B~ = D'T, )=3|-2=| I'(B~ — D'T,)
Ved ed
17 — Vi |? - — —0
=3 V— I(B° — D'T,)=3|—=| I'(B° — DT,).
cd cd

14 decay modes of 9 FES are highly related
If not observed pose tension on scenario |l

17



B > DT decays

Three TA

Subscripts denote mesons
receiving cs(d) from W — cq

®|cmo®

C, T, E: Internal W, External
W, Exchange diagrams

Only one contributes to FES
(traceless)

Highly related
—T** charge conservation.

R[] L2 O o Q0 QR
S = = Ny 3 S ~

0y} %

QAR | { S O
= L, =

18



TABLE IX: B — Dch[q g decay amplitudes in AS = —1 and AS = 0 transitions in scenario I.
# Mode A(B — Dch[q 7 ]) # Mode A(B — Dch[q q ])
4+ B~ > DT, Chr £+ B> DT —Chyp
5 BY — D;TF % 5 BY — D-TF —\/%CDT
6 B~ — DITY 3:Cpr 6 B°— DT 3Cpr
7 BY — DT —\/Lg(QTD +Chr) 7 B} = D1 %(CDT +2Epp) MOd es
_ _ - —=0 .
8 B DT -2 +Cpp) 8 B DTN 55(Cpr +2Epp) with states
9 BY — DT/ —V2(Tp — Epp) .
- = in 6/FES
2* B D;Tt % L 2 B> DTt LCA
) S o e v lated
3 B - DTY Cloy 3 B DT ~Chyy re '
6 B —DTY b 6 B'—-DTY ~5Chr
7 B — D-T/'"* —V2(T — El55) 8 B~ — DT 7(2T’ +C%p)
- —0
8 B'=DT/ 75(Chp + 2B 5)
9 B — DT %(C’ +2Ef ;) 9 B? — DT 7(2T’ + ) 1




‘ Relations on rates

(B~ — D TY)

= T(B° - D'1T°) |

Ves
Ved

= Three FES are involved

2

['(

B~ — DT"

S c§)

2

Ves
Ved

I'(B° — D'TY) =2

Ves

cd

2

I'(B° - DT

s —cs

)

2

Ves
Ved

2

I'(B? — D™ T).

= Only one mode is observed so far

20



TABLE X: B, — DT,

{q'q

ny decay amplitudes in AS =

—1 and AS = 0 transitions in scenerio II.

# Mode A(Bg = DTq1qq73) # Mode A(Bg = DTgq973)

Iz B D T NeT 5 B~ — D™TY Chr

5% B'>D'TY Cor 6 B~ DT V2Cpr

13 B® — D;T.* —3Cphy 13 BY — DT/* —3Cphy

14 B~ — DTV B0, 14 B D' —BCpy

15/ B} = DT —Chr

16’ B° — DT+ 1(4T5 + Cpyp) 16’ BY — DT+ +(Cpr +4Ep5)

17 B~ = D;T 1(4Tp + Cpy) 17 BY DTN H(Cpr +4Epp) . .

18 B DITY  2Tp+ Cpr+2Eps B MOdeS Wlth T N
# Mode A'(By = DLogigqry)  # Mode A'(By = DToqiqrqny) Dy .
V= 15 /FES are highly
3* B~ - DTS Chr 3 B> D'TY Chr I t d

8/ BY — DT/ V2Cl,, re a e

0+ B DT ~/2C, 1" B~ = DT -/2C,

1" B D'T? —\/EC/DT 12* B~ - D'T Nole/ N 4 m Od eS h ave

13/ B — DT* —+=C%y 14/ B~ —» DT =C% b : d d
14 EOA)EOTLI_O :1/§§C,DT e een COnSI ere

15 B°— DT lo, 15 BY—= D TL 3Chy by Q QY

16’ B —» D-T/* 275 4+ Chp + 2B - 17 B~ — DT/ L4TL + ClLy)

17 B® — D10 $(Chp +4E )

18’ B° = DT/ HCh5+4E ) 18’ BY — DT/ LAT, + Clyp) 21




Relations on rates

(B’ — D T}) = 2I(B~ — D T%) = 2I'(B" = D'T°) = T(B~ — D'T)
2 2

— 9 % ['(B~— D.T%) =2 % r(B° - D'TY)
_ 4 g— 2F(EO — D;TY) =4 g— 2F(§S — D™T) 13 decay modes
S P of 9 FES are
= Vo] TR = D) =3 || DB = DL highly related
‘/cs 2 _ — 0 ‘/cs 2 0 7070
= 3|57 T3 = DT =332 T(B' - D'TY) If not observed,
::§5rw%ﬁ%w. pose tension to

scenario |l

22
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o . . m
\ Participation of the three T %} T

TABLE XI: Participation of T7%,(2900)™ ", T%,(2900)" and T

» 50 cs0

decays in AS = —1 and AS = 0 transitions. TA stands for topological amplitude.

Decays T7,(2900) T Tk

(2900)¢ T*

csO

(2870)Y TA involved

(2870)0 in B— DT and B — ET o

B — DT, AS = -1

B — DT, AS = -1

pa

X
X v

B~ DT, AS=0 v X [ v ] ch
X X

B — DT, AS =0 v

= Observed in AS = —1 transitions
= Need AS = —1 and AS = 0 transitions to check if they

are in the same multiplet.

24



‘ B> TP decays

C@ BO~3Q8=150693
7 ) TP~6Q@8=24@|15/0653

vy
o
iﬂ

OO -0
Cr @ b - m Seven TA, only four
q — =i - 4
q contribute to FES
’ ~ "1 T & Three (four) indep.
PT,1 ¢ % . .
@ C@ combinations for
0 ) FES in scenario | (Il)
- :
_— @ Corz = In scenario |
TP @, :
ﬁ@

24




TABLE XII: Bg — Toy[qrqgm P decay amplitudes in AS =0 and —1 transitions in scenario L.

# Mode ABg — Teqiq’ g P) # Mode A(Bg — Teqigrqn P)
2* B 5 TEK— ~75(Crp — Epr) 2* BY - Thn~ 75 (Crp —Cpr,1)
3* B~ = TOK- Cr+Crp 3* B0 - TO.KO Cr+ Egrp
3* B2 — Tosn® *%(CTP - Cp1,1) 3* BY = T%n *%(CTP +Cpr,1) — 54 CT
3* BY - Ty —22(Crp +Cpra) +cyCr  4* B° — TLK° —Cpri + Egp
5 B — Thr- —%(cpm — Egp) 6 B~ — T~ %(CT +Crp)
6 B — TO0x0 L(—Cr—Crp+Cpr1—Egr) 6 B°—T i(chch —Cpra+ Egr) + %’EET
6 B?— TOK° 25(Cr + Cpr1) 6 B°— T & (Cr — Crp — Cpr1 + Egp) — —EBT
7 B T!/tnm 7%(2@ +Cpry— Egr+2Egp) 8 B~ —T/o7n~ 7ﬁ(2TP+CT+CTP+20pT,2)
8 BT/ 63’ (=Cr +Crp+Cpra—2Cpry 8 B — T/ Sg/ (=Cr+Crp+Cpr1 —2Cpr2

—Epp —2Egp) + %EBT —Egp —2Egp) - C\(}/EBT
8 BO— T/0x0 (Cr+Crp—Cpr1+2Cpr2 8 BY—T/K® —%(CT —Cpr,1+2Cpr2)

+Epr —2Epp)
9 B =T K- ~5(Crp + Egr —2Egp) 9 BY - Tt —25(2Tp + Crp + Cpr1)
.

# Mode A'(Bg = Tegigg P) # Mode A'(Bg — Tegigrg P) 1 5 Od e S th
2* BY - TLK- - % (Chry — Eyp) 3* BY 5 TOK' —Clopy + By, = m Wi
4 B~ =T Ch+Clp 4* BY = T 70 ~25(Ch +Cpp) 3 FES
4* B - TOn S (Ch — Chp) + 59/ Clopy 4* B — TOn 29 (Ch — Chp) = €t Chory
4* B9 - T, KO Ch+ B, |5 B —1iK- 2 (Chp = Chry)
5 BY—Tom -25(Chp — By 6 B~ —TOK— - (Ch + Cpp) ._Pllch a rg e
6 B°— TIK® - 25(Ch+ Chry) 6 BY— Tox0 1Chp — Elyp)
6 BY - TO S (Chp + B ) 6 BY T (Chp+ Bl t'

+22(Ch — Clppy + Blyy) — 22 (Chp — Clopy + Blgy) COnserva |On
7 B TUYK- ~ 5 Q2Tp +Chp + Chry) 7 B T!tnm J5(Clrp + By — 2B ,)
8 BT 5 T/OK~ —2Tp+Ch+Chp+2Chy,) 8 BY—T/K’ —25(Ch = Cpry +2Chr5)
8 BY ST T(CL=F, —2E) 8 B = T/ (CL =B, — 2B )

+i;’2i (Cr = Cppa +2Cpr 5 + Ey) _C\%(C/T = Cpra+2Chr, + Epp) 25

8 BY—T/x0 $(Chp+ Bl —2E5 ) 9 BY T/ K- ~5(2Tp + Chpy — By +2E5,)




TABLE XIII: By — Tz

gy P decay amplitudes in AS = 0 transitions in scenario II.

# Mode ABg = Togtq7g1 P)

2/ BY - TLK- —75(Crp — Epy)

2/* BY - Thn™ ~5(Crp — Cpr1)

3/ B~ - TLK™ Cr+Crp

3% BY — 1%n° 75(Crp — Cpr1)

3" BY = T2 —sCr + %(CPTJ +Crp)
3/ BY — T cg' O + % (Cpr + Crp)
g BO — TO.RO Cr + Epy

5/* BY — 7O, KO Cpri+ Egp

6'* B~ — T K° V2Cpra

6'* BY - TLKT V2Egr

8/ BY » T K~ V2Crp

107 BO — Tz~ \/g(chP +Cpr1+ Eprp)
117 B~ — TOr~ —\/2(Cr + Crp — Cpr1)
117 BO — 1970 %(CT—CPT-FCPTJ +2E3zT1)
117+ B0 — T —2%(Cr + Crp + Cpr,1)
117* B0 — 1Oy —i% (Cr +Crp+Cpr1)
1 BY s TOKO —/20r

127 B~ - T, 7" Cr+Crp —Cpr

12/* B~ > T.n ¢y (Cr + Crp + Cpr,1)
12/ B~ —T.n s¢/(Cr + Crp + Cpr.1)
12/ BY —» To =t V2(Cr + Ezr)

12"+ BY - T, Kt V2CT

22 FES
modes (10
modes were
given in
QQY)

4 indep.
combinations
Many
relations

26



TABLE XIV: B, — T,y {gq'qm P decay amplitudes in AS = —1 transitions in scenario II.

# Mode A (Bg = Tegigrg P)
2 B > TR % (Chr1 + E5p)

3 BY - TR’ Chpry + Elsp

4'* B » Thn— \/50%13

5/ B™ > T%m~ Ch+Chp

5 B - Tn0 L (=Ch + Chp)

5 B? = T %(C/T +Crp) = 56:Chpr
5 B0 — 1O/ 2 (Ch + Chp) + e Clorpy
57 BY — T, KO Cr+Els

6" B~ = Tgn® ChL+Chp

6/ B~ — Ton g/ (Ch + Clp) = V254 Chpp
6'* B~ = Ten' 54/ (Chp + Chp) + V2¢4 Cpp
6" B — Tont V2C,

6'* BY 5 T K+ V2(CL + Ef)

10'* BO T K- V3Chrs

10 BY s THa NEL/-

117+ B~ — TOK~ V2Chr,

117+ B° - 19K° —/2Chr,

117 BY — 1970 %EET

12/ B~ - T, K’ V2Chpr

127* BY —» T ot \/§E;§T

= 20 FES
modes

= 4 indep.
comb.

= Many
relations

3®X8=15F 6 F

1508=42024H15 @

15

D(15|F 6 F 3

27




‘E — TS decays

CTS 1

CTS ,2

28



B—>TS decays

Eleven(nine) TA in scenario | (II)
Only eight(seven) contribute to FES
Three(four) combinations for FES with S = a,

BO~3R8=[15F6%F3
TS~6Q8=24DM5 6(9?
@D

TS~15Q08=42D24 D 15 D 1505 B 6 @

W




TABLE XV: B, — Toq(grqmS decay amplitudes in AS = 0 transitions in scenario I.

# Mode A(Bg = Tegly'3]5)
2% B - Ttk— %(Cs +Csr2 —Crsi—2Crs2 +2Egg, + Epr)
2* BY - Thag —5(Csr1 + Csr2 = Crs1 — 207s,2)
3* B~ = To%k~ Cr —Cs —Csr2+Crsi
3* BY — TOrY Cr —2Crs2+2E551 + Epr
3* BY — 1%a8 \%(CSTJ +Cst,2 — Crs;1 —2Crs,2)
3* BY — T fo _%(2CT —Csr,1—Csr2—Crsi1 —2Crs,2)
—54(Cs —Csr,1 —Crs,1)
3" BY = Tgso “5(2Cr — Csr1 — Osr,2 — Orsg — 2Crs,2)
—c¢(Cs = Cst,1 —Crs,1)
4% B — 19«0 Cs —Cst1+2Egs, + Egr
5 BY — Tiag \%(Cs —Csr1+2E55, + Egr)
6 B~ — T2ay —\%(Cs —Cr +Cst,2 = Crs,1)
6 BY — 7949 —%(CT —Cst1—Cst2+Crsi +2Egg, + Epr)
6 BY = T fo —22(Cr — Csry — Csr2 — Crs — 2Eps1 — Egr)
—%(Cs +Cr —Cst1 —Crs —2Crs2+2E55 5+ Epy)
6 BY - 100 % (Cr —Csr1 — Csr2 — Crsy — 2Epg, — Epr)
—%(Cs +Cr —Cst1 —Crsa —2Crs2+2Egg 5+ Epy)
6 BO — 10k0 %(CT —Cs+Csr,1 —2C7s,2)

I

0
Ts

= 3 indep.
comb.

= Many
relations
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TABLE XVI: Eq — ToyiqrqS decay amplitudes in AS = —1 transition in scenario I. T T T
#  Mode A BeoTagenS)

2* BY = TSk~ \%(Cg - CZS'T,l + 2E;§S,1 + E%’T) 70 T+
3* BY — TO.R° Cs—Cyrq +2E54, + Egp
4 B~ = T%a~ Cr—Cs=Cqro+Crgy 70
4* B — 19,4 —\/Lg(cc/p —Cs—=Clhrs+Crgy) :
4* B — T, fo —\c/_%(c% +Cs —2C57, —Csr0 — Crg 1)

—54(Cp — C’}S,l - 20515,2)
4* BY = Too %(C/T +C5 —2Csp1 —Cor o — Crg ) '

—cy(Cp — Crgq —2Cpg ) H 3 I nd ep -
4% BY — T9.k° Cr—2Crgo+2E5,,+E5, b
5 BY - Tk~ _\%(C/STJ +Csr0—Crs1—2Crs0) COm )
5 B = Ta~ 75(Cs + Chpp = Crgy — 2075 + 2B | + Epp) M
6 B~ — T2k~ 75(Cs = Cp + Crp = Chg,y) - any
6 B — TOx" %(Cé —Cr = Csr1 +2C1g ) I t.
6 BY — Ta —3(C + Csro—Crg1—2Crgs+ 2E3§s,1 +Egp) re a IonS
6 BY = T?fo 3 (Ck + 207 - 20571 — Cs12 = Crg1 — 2Crsy +2E54, + Ep)

_\%(C%S,l + 2E;§s,1 + E/BT)

6 Eg - T(?U _ST(#(C/S + 20&" - ZC./S'T,l - C./S'T,Z - C&“S,l - 20’}3,2 + 2Ei§s,1 + E;;’T)

c / / /
- \/§(CTS,1 + 2E1§s,1 + EBT)
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TABLE XVII: B, — Toqriq'qyS decay amplitudes in AS = 0 transitions in scenario II.

#  Mode A(Bq = Tog(zrq1S)

2% B - Tik~ %(Cs +Cst,2 —Crs1 + Egr)

2 BY — Tlay %(CSTJ = Csr,2 —Crs,1)

3™ BT — T%k~ Cr —Cs —Csr2+ Crsi

3™ BY — TLrO Cr + Epr

3 B9 — T%al —%(CSTJ —Cst2 — Crs,1)

3 BY = T%fo —%(QC’T +Cst,1 —Csr2 + Crs) + 54 (Cs — Csr1 — Crs;1)

3% B —T%o %(QCT +Cst1 — Csr2+ Crs) + ¢ (Cs — Cst,1 — Crs,1)

5% BO s TO k0 —Cs+Csr1+ Epp | 4 indep-
6’ B~ — Tigr® —V2(Cs — Csr,1 + Csr,2)

6* B — Toant V2(Csr,2 + Epr) com b .

8* BY - Th k™ —V2(Cs — Crs1)

10" B° = Tihay @(Csm - Crsa1+ Egr) n M any

11" B~ — Tay —\/E(CT —Csr,1+Crs;1)

11 B - 70} 25(Cr + Csry - Orsa +2Bpy) lati

11* BY — 19 f, %(CT-FCSTJ-I—CTSJ)—F\/g8¢(CT_CS+CST,1 —Cst2+Crs,1) re a IonS
11* B% - 700 —%(CT +Cstr1+Crs1) + \/g%(CT —Cs+Cst,1 —Cst,2 +Crs,1)

11 B — TO40 ~/2(Cr — Csm)

12"* B~ =T, a Cr —Cst,1 + Crsi

12'* B~ = Ts fo —cy (CT + Cs11 4 Crs,1) — V2s4(Cr — Cs + Csr1 — Csr2 + Crs,1)

12* B~ = T. g 5 (CT+ Cs11 4+ Crsi) —V2c4Cr — Cs + Csr1 — Csr2 + Crs,1)

12 B® - T al V2(Cr + Epy)

12'* BY —» Ty st V2(Cr — Csr.2) 32




TABLE XVIIL: B, — T,

717"

gyS decay amplitudes in AS = —1 transition in scenario II.

# Mode A'(Bg = Teqq/q7}5)

2% BY - Thk~ —\/LQ(C% —Csp1 — Ep)

37* BY — TOR° —Cs+Cory + Epp

4% BO —» Tta— —V2(C% - Crs.1)

5/* B~ —»T%a~ Cr—Cs—Cgsro+Crgy

5'* B — T9,af _\/Lg(c’/]“ +C5 = Csr2—Crs1)

5/* BY = T2 fo _%(C% —Cs+2Cg7r, —Cor o+ Crg1) —56(Cp +Crpg 1)

5 B 100 “2(Cp = C +2C4p, — Chp oy + Chg 1) = c4(Cp + Chpg 1) [ | 4 indep
5/ BY — T, k0 Cr+ Epp .
6/ B~ — Tial Cr—Cs—C4po+Crgy COm b .

6'* B~ =T fo —cy(Cp — C’s + 20%7‘,1 - C:‘;‘T,Q + Cé‘S,l) - ‘/5845(0&“ + Cé“s,l)

6'* B~ — Tgso $¢(Cp — Cs +2Csp; — Cyr o + Cpg 1) = V2e0(Cp + Cpg p) [ M any

6/ BY - T at V2(Ch — Clrp)

o B Tont VA + Byp) relations
107* BY 5 Tk~ —\/g(cé = Csr1+Csr2)

107 BY - Tfa~ \/g(C,ST,z +Esy)

11/* B~ - T%~ —\/g(cfg —Cop1 +C%p )

117 BY - TORO V3(Ch = Clypy + Clyp )

117+ BY — T9ad %(CQT,Q +Esr)

127 b~ = 1. k° —V2(Cg — (".’S'T,l T C:ST,Q)

12/ BY - T: at V2(Corp + Fpy) »




‘ B - TT decays

Cr

c b c i
i @ q’
4 4 4
e qp j— p c
Crr é vn Crra é v ArT é
’ i
g @ e c’ @ (7'7 @
¢ ¢ b c b
& — q* i/ —
— ., LT Gy g AT
ap qi 4 ap
C ({P® rz] @ C @’ @

Seven TA, only three contribute to full FES
Only one (two) independent combinations for FES in scenario | (ll)
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TABLE XIX:

in scenario I.

B. — TT decay amplitudes with T =T,

cqlgg) In AS =0 and AS = —1 transitions

+# Mode A(B; — TT)
(2%,1%) B — TAT,, %(CTTJ + 207+ + 2A7r7)
(3%,27) B. =TT, —%(CTTJ +2Crr +2A77)
(6,5) B =TT, —3(Cry + 2077 + 2A77)
(3%,9) B: — TCOGTPS %(QCT = Cpry +2Crr + 2A77) 70
(6,7) By —TIT!” ~4(20r — Oy + 2017 + 2A77) -
(8,5) B =TT, %( Cr — Cppy + 2Crp + 2A77)
(9,1%) B: =TT, —%(QCT Crra + 207 + 2A77)
8,7) Br — T L(2Cr + 2 + Cpp + ACigs + 2077 + A7y + 2A,7) O O ne com b _
# Mode A(B; = TT)
(4%,5) B - TOT, 2 (Clpgy + 20+ 2407) T ++ O K
(5,17) B - T T, —J5(Chpy + 207 +2A77)
(6,2%) B —T°T,, $(Chypy +2C +2A0 1)
x = 0 7 1 / / ’
(4 17) B — TL:T;_ ﬁ(c CTT |20 +240) Bc 0~ 1 ® 8-8
(6,9) B =TT, 3207 = Chp ) + 2077 + 2407) — —
(8,2%) By - T/T,, 120} — Clpy + 20k + 247, TT~6Q6=27C€83D1
(7,17) B: = T/"T,, 75 (205 = Chpy + 2007 + 247.7)
(8,9) B - T/OT.~ 3205 +2C% + Chp | + 4Chy , + 2005 + 445, + 247.7) 3




TABLE XX: B, — TT decay amplitudes with 7' =

Togtqqry in AS = 0 transition.
# Mode A(B; = TT)
(5/*7 4/*) B — TcosTcs \/ECTTJ
(6/*7 5/*) B — Tcs Té.§ \/EOTT,I
(8/*’ ’7/*) B — Tc—:sTcss 2(CTT + AT'Z_")
(2,1™) B = TiT,, %(CTTJ =201 — 2Ar7)
(3,2"™) B =TT, T(CTT 1 — 20 — 2Ar7) N 2 CO' I I b .
(10™,9™) B =TT, \%(CTT 1 — Crp — Arpyp)
(11%,10) B =TT, 3(Crr1 — Crp — Apr) N AI I F ES
J— —0 "
(12%117) B - 1T/ T, —2:(Crr1 — Crp — Ary) | d
T «5 involve
(3™,15) B — TgsTcs %(CTT,l +2Cr7 + 2A77)
(13) By - TT. ~5v3(Crr1 +2Crr + 2477) B,.O~1®8=8
_ —10

(12,14 B - T, T, Z=(Crpy +2Cr7 +2477) IT ~ 15 ® 15
(13",9™) B =T, ddchudd T(CTT 1+2Cpp + 2Ar7) Py

10 B: — TT. L_(C 20 24 =64 @350 35
14", 1 - _
(14',10) e 7o dg f(TT1+ 7 + 2Ar7) @27@27
(15/,1/*> B T:;Téi ;{ﬂfl 1+ 260+ 247 I) EB 10 GD l_U

o

(14,13 B — T°T, L(13Cs7, + 2007 + 2A77) E8P8P1 3



TABLE XXI: B, — TT decay amplitudes with T' = Teqigqry iIn AS = —1 transition in scenario II.

_ e
Bc — Tc§ TESS

B - THT,,

55(Clhpy — 2005 — 2404

1
Wg(O%TJ - GO}T - 6A/T’_Z_“)

= 2 comb.

= All FES
Involved

# Mode A(B, — TT)
(2",7%) By = TiiTees Crra

(3,8™) By — T T, \/icé_“T,l

(10"*,1") By =TT, \/gc%m

(117%,2™) By =TT, %C%T,l

(12,3™) B: — Tc_Tgs ﬂC%T,l

(4™,9") By -+ TiT, 2(Cpp + Arg)
(5,10) By =TT, 2\/g (Crr + Arg)
(6,T1") By - T.Te 2(Cpp + Arr)
(5/*71_/ BS — TcosTé_ _ﬁg(?’c/TTJ - 2C/TT - QAL.FT)
(6", T4 By —+T;Ty — 05 (8Chy, — 207 — 2444)
(14/71_/ Bc— - TéOTé; T3(3C%T,1 B 20’}:? B 2A£.FT)
(

(

(

B — T°T,,

5v5 (Cppy — 607 — 6A7.7)
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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, — TT decays in AS = 0 and AS = —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.

0
’r{:

T}’\ / T+
)

Decays Tt Tt T O Tables
B — DT, AS = —1 v v X VII
B DT,AS=0 v v X v VII
B — DT, AS =—1 X X X v IX
B - DT,AS=0 X v v X IX
B—TP,AS=0 X v v v XII
B TP, AS=—1 X v v v XII
B—>TS, AS=0 X v v v XV
B—TS,AS=—1 X v v v XVI
B - TT,AS =0 v v v X XIX
B, - TT,AS = -1 (V) (V) X (V) XIX
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TABLE XXIII: Participation of flavor exotic states in scenario Il in B — DT, B - T, B — TP,
B — TS and B — TT decays in AS = 0 and AS = —1 transitions. These results and those in

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

Decays TEr Tk O Tk 70, T Tables
B — DT, AS = -1 v v v X X X VIII
B— DT,AS=0 v v X v v X VIII
B— DT, AS = -1 X X X v v v X
B—DT,AS=0 X v v X X X X
B—-TP,AS=0 X v v X v v X111
B—TP,AS=—1 X v v v v v X1V
B—-TS,AS=0 X v v X v v XVII
B—TS, AS=-1 X v v v v v XVIIT
B - TT,AS=0 v v v v v v XX
B =TT, AS=—1 v v v v v v XXI
Decays TEF TE T+ T+ T9 T Tables
B — DT, AS = -1 v X X X X VIII
B— DT,AS=0 X X v v v X VIII
B— DT, AS = -1 X X X X X X X
B—DT,AS=0 X v X v v v X
B—-TP,AS=0 X v X v v v X111
B—TP,AS=—1 X X X v v v X1V
B—TS, AS=0 X v X v v v XVII
B—TS,AS=—1 X X X v v v XVIIT
B - TT,AS=0 v v v v v v XX
Br - TT,AS = -1 v v v v v v XXI 39




S

Conclusion 1\

We study the decays of heavy mesons to charmed
tetraquark states using a topological amplitude
approach.

We consider two scenarios (anti-sym. & sym.)
|dentify 4+12 flavor exotic states (FES)

The T — DP and DS strong decay amplitudes are
decomposed into several topological amplitudes

Modes with FES are highly related
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Conclusion
Weak decay amplitudes of B— DT ,DTand B - TP,
TS decays are also decomposed topologically.

Modes with flavor exotic states are highly related.

Need to consider both AS = 0, —1 transitions to test
relations (FES in the same muiltiplet?)

B — TT decays are also discussed.

Many/All FES are involved in B —» TT decays
Modes with FES are highlighted.
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In both scenarios

7—‘(‘{8 T("S‘
0 I3
1! T
o (GRE
TS
Ts 7Y T
F DP
C
qj 7’
b
g’ffl

(B~ — D T°,T° - DYK™)=T(B~ — D T°,T° — D'K"),

Agree with a recent LHCb result (PRL134, 101901)



