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1. Motivation

v'Some B(D—P/VEv) have been well measured, but B(D—A¢fv) and B(D—VP{v)
have not been well measured.

B(D° — K (1270)e*v,) = (1.01 £0.18) x 10~° BESIII(2102.10850),PDG
B(DT — K, (1270)etv.) = (2.301949) x 1073 BESIII(1907.11370)
B(Dt — b9(1235)etv,, b9(1235) — wn?) < 1.75 x 1074 PDG

B(D° — by (1235)et v, by (1235) — wn™) < 1.12 x 1074 PDG

v'A large number of charmed hadrons are produced at the BESIII, LHCb and Belle-II.

v'Theoretical calculations of the form factors
<) D—>P/V{ty,
=) D—AL*v,,D—>VP{"v,

v Symmetries (for an example, SU(3) flavor symmetry) provide very important
information for particle physics.



1. Motivation

v'SU(3) flavor symmetry approach: @ @ @
@00

v’ Irreducible representation approach

v’ Topological diagram approach

v Advantage: Independent of the detailed dynamics.
(Don’t need calculate the form factors)

4 Disadvantage: it can not determine the sizes of the amplitudes by itself.



Meson decays with the SU(3) flavor symmetry
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Mensons
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2.1 Amplitudes of D—A{*vy,

G
Hepr(c— gl uy) Tg @ (1 —vs)c ey (1 — s)4,

Gr
+ — ey TTA
M(D — A/l I/g) = EVC{I mgn [s o) ikegingl v [l
LYY = eqa(m)zgy*(1 — 7s5)4, form factors

Hy, = Vegep(n)(A(pa,€)|lg7v’ (1 — v5)clD(pa)),
SU(3) flavor symmetry

H 2
X |Hp—al”™ 1pG 10, 105006(2019)

dBr(D — Alty) _ (1 B m?)z Vs G% |V:gq’2 TDq
dq? g° 384 w3 mi,,



2.1 Amplitudes of D—A{*y,

H(D—Al*v)=cMD;M " H/, M=A/B
AH(D—Al*v)=cMD, WM Hi+c,MD, M, Wa. HJ,
: non-perturbative coefficients

: CKM matrix elements
1 0 O

SU(3) flavor breaking coefficient matrix W= (W) =] 0 1 0
00 —2



2.1 Amplitudes of D—A{*vy,

TABLE II: The hadronic helicity amplitudes for the D — Af"v decays including both the SU(3) flavor symmetry and the

SU(3) flavor breaking contributions. A1 = ¢ +cf' — 2¢f', Aa = c§ —2¢f —2¢4, As=cf + e +¢f, As = c§ —2ci + 5.
By = m tper — Bey. Be = 0(1,3—26‘18—2@_{3, Bs = wf el 4, Be = 66 — 2ef 4. [A1 = Az = Az = As = c(‘?,]
[31 =B =.Bs = Bi= c{?] if neglecting the SU(3) flavor breaking ci', ¢5 and ¢F, ¢f terms. . .
- 0O - 0
Hadronic helicity amplitudes SU(3) flavor amplitudes H(D® = a7 (1260)£1 1) Az Vi
H(D® = K, (1270)¢T 1) (sinfr, A1 + cosl, B1) Vo H(D® — by (1235)0F ) B: V4,
H(D® - K (1400)¢ ) (cosBk, Ay — sinfx, Br) V2, H(D* — a2(1260)2* 1) — AV
H(DY - F?(l?ﬂ))frw) (stnfr, A1 + cosbg, B1) V% H(D" > b1(1235) ve) _% Bs Ve
H(D' » f?(MOO)E*w) (cosfx, A1 — sinfk, B1) V5, H(D" — f{(1285)¢*ve) (%00593P1 + %Si”a‘sPl) Az V5
0 . *
H(D} — f0(1285)¢% 1) (Jgcosbspy — /3sinfapy) As Vi, H(D™ — f(1420)f7we) (—J58infspy + Jscosbp1) As Vi
0 . *
H(DE = [7(1420)4 1) (= Jgsinbapr — /Feosbspn) As Ve, B < W] (Fgeosbips + Zsinfipr) Bs Vy
+ b0 + - A g i .
H(D} - hg(ll?())ﬁ"“w) (\%360391,01 — \/gsinglm) Bs V., H(D™ = h(1415)7v) ( \/Esmglpl T \/Ecosglpl) Bs Vea
+ 0 + ; *
H(DY = h{(1415)8%w,) (= Jgsinfip1 — \/Zcosbipr) B2 Vs H(D; - K{(1210)67ve) (sinfix, Ay +cosli, Ba) Vg
H(DF — K9(1400)¢% 1) (cosfx, Ay — sinfx, Ba) V3
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2.2 Numerical results of D—Ae*v,

CLFQM LCSR
Branching ratios Experimental data Predictions with 1o Predictions with 20 1707.02851 2102.12241
|B(D° — K; (1270)et v ) (x10~%) 1.0140.18 0.94+0.11 0.94 +0.29 |
B(D° — Ky (1400)etv.)(x107%) 0.03 £0.03 0.13+£0.13
B(DT — K1 (1270)et ) (x107%) 23070145 2.42 4 0.28 2.38 4 0.72 3.240.40
B(D* — K1 (1400)et ) (x1073) 0.08 + 0.08 0.32 +0.32 {0.005,0.02}
B(DF — fL(1285)etve)(x1072) 0.63 £ 0.55 0.95 =+ 0.95 {0.06,0.36}
B(D — fP(1420)etve)(x1072) 0.28 +0.28 0.48 £ 0.48 0.25 +0.05
B(DF — hY(1170)eTre)(x107%) 0.17 4+ 0.17 0.35 4 0.35 {0,0.197}
B(DF — h?(1415)eT v )(x1073) 0.33 4 0.20 0.36 4 0.28 0.64 & 0.07
B(D® — ay (1260)eTv,)(x107°) 3.84 £1.70 5.40 + 4.12 6.90
B(D® — by (1235)eTv.)(x107°) 2.47+1.36 2.84 +2.02 4.85
B(D* — a9(1260)e* v.)(x107%) 4.90 £2.17 6.87 + 5.22 9.38
B(DT — b(1235)etve)(x1077) 3.17+£1.75 3.60 £ 2.55 7.4 40.70 6.58
B(D* — f7(1285)eTve)(x107°) 212 +2.12 3.60 + 3.60 3.740.80
B(D* — f(1420)etve)(x107°) 1.1140.97 1.68 + 1.68 {0.02,0.14}
B(D* — h{(1170)etve)(x107°) 3.81 +2.32 412 +3.17 14 4+ 1.50
B(DT — h?(1415)et v )(x107°) 0.194+0.19 0.42 4 0.42 {0,0.02}
B(D} — K{(1270)etve)(x107°) 8.73 +1.05 8.64 =+ 2.82 17 +2.00
B(D} — K{(1400)etv.)(x107°) 0.34 £ 0.34 1.33 4+ 1.33 {0.05,0.14}
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2.2 Numerical results of D—Autv,

Branching ratios

Experimental data Predictions with 1o Predictions with 2o

1707.02851  2102.12241

B(D° — K (1270)p"v,)(x1072) 0.69 4 0.08 0.69 4+ 0.21

B(D° — K (1400)u™ ) (x107%) 0.02 4 0.02 0.08 4 0.08

B(D* — K1 (1270) 5t v,) (x107%) 1.78 £0.20 1.75 £ 0.54 2.6 +0.30

B(D* — K5 (1400) 17 1,) (x1072) 0.05 =+ 0.05 0.21 £ 0.21 {0.004,0.017}

B(DF — f(1285)u™v,)(x107%) 0.49 £ 0.43 0.74 £0.74 {0.052,0.306}

B(DF — f2(1420)utv,)(x1072) 0.19 £+ 0.19 0.33 +0.33 0.21 £ 0.05

B(DF — hY(1170) T v,) (x1073) 0.14 £0.14 0.29 £ 0.29 {0,0.174}

B(DF — h{(1415)uTv,)(x1073) 0.23 +£0.14 0.26 & 0.20 0.54 & 0.06

B(D° — ay (1260)u™ v, )(x1077) 2.89 4 1.34 4.18 +3.28 6.27
B(D° — by (1235)pTv,)(x107°) 1.85 4 1.02 2.13 £ 1.52 4.40
B(D* — af(1260)u"v,)(x107%) 3.70 £ 1.71 5.33 +4.16 8.52
B(DT — b9(1235) v, ) (x1077) 2.38 £1.31 2.71+£1.92 6.440.6 6.00
B(D* — f(1285)utv,)(x107°) 1.53 + 1.53 2.60 =+ 2.60 32406

B(DT — f0(1420)u™ ) (x1077%) 0.67 £ 0.58 1.01 + 1.01 {0.02,0.12}

B(DT — h{(1170) T v,) (x107°) 2.98 +1.81 3.21 +2.48 122+1.3

B(D* — n{(1415)utv,)(x107°) 0.12 4 0.12 0.26 4 0.26 {0,0.02}

B(D} — K?(1270)utv,)(x107°) 6.84 + 0.83 6.77 + 2.20 1542

B(Df — K7 (1400)u™v,)(x107°) 0.24 +0.24 0.95 +0.95 {0.05,0.12}
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Numerical results of DK, ety,

H(D® = Ky (1270)¢* vy)

H(D® — K (1400)¢* 1)

(sinfx, A1 + cosfx, B1) Vi

(cosbx, Ay — sinfx, B1) Vi

H(DY = Ry(1270)€ w)

H(D* = K\ (14006 ve)

Our results of

(sinfx, A1 + cosfx, Bi) Vi,

(cosbr, Ay — sinf, By) Ve

[51°,65°] within 1o errors
[24°,70°] within 26 errors

Previous ranges of

1

[35°,55°] PRD 56 1368(1997)
[35°,45°] arxiv: 1110.2249
[33°,57°] PRD 47 1252(1993)
[33°,57°] arxiv: 1311.2370
(34£13)° PRD 77 094023(2008)
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3.1 Amplitudes of A—VP
A(A—VP) =cMALMIN* ,  M=A/B

AAA—-VP)=cMAsW I M/ Nk +cMA Mo Wi, N +cMAL M N ¢ Wy,

PcA y
Iyovpe = Z\ a-vpl PRD 70, 094006 (2004)

1 1 1
I — — [ dM?,dM2,Im Im :
e =25 | dMaodMyo {M}m — M3 +iMaT 4 } {M@O — M2 +iMyTy }
- Tyvep(Mao, Ma0)O(Mao — Myo — Mp)
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3.1 Amplitudes of A—VP

The K1(1270)/K1(1400) — V P decay amplitudes. Fi = ¢f —cf'4cf, D1 = c§ —cP+cf. Fo = cf —ef —2¢8, Dy = ¢ —cP —2c8. The a1(1260) — V P decay amplitudes. Fs = cg' + 2ci* + cf', Fi = cg' + 2¢{* — 2¢4'.

Hadronic helicity amplitudes SU(3) flavor amplitudes Branching ratios SU(3) flavor amplitudes

A(Ky (1270) — K*~70) VIE(Flsinexl + DicosOx1) A@(1260) — pro) i
A(Ky (1270) — K*~n) (Fisinfk1 + chosé’;(l)(%%‘l - %%‘1) + (Fasinfgy — chosem)(—n?w\/_sg + —E’i\'}% )
! A(af (1260 —at —V2F:
A (1270) s K gy (Fysinfg1 + DycosOk1) (%E + %’%ﬂ) + (Fasinfg — D26039K1)(—£2"f}: . —2‘"’\% ) (@1(1260) — o™= ™) V2Es
A(Ky (1270) — p° K~ L (— Fisinfg1 + DicosOx1 A(a9(1260) — K*°K°) )
! vz
A(Ky (1270) —» wK ™) \%( — Fysinf, + DicosOr1) A(a9(1260) — K'°K°) L
A(Ky (1270) — K*Ox— Fisinfgy + D 0
( 1_( ) 7_71(; ) ( 1sm' K1 108051 A (1260) 3 7R +n
A(K7 (1270) = p~ K — Fysinfgq + DicosOky
1 . ]
v -
AT (Fysindics + Dacosticr) Aa§(1260) — K*K) e
A(K; (1400) — K*~70) 5 (Ficosfr1 — Disinfr) A(ay (1260) — p~=°) V3R,
A(Ky (1400) — K*7n) (FreosOr1 — Dysinfx) (%%5 - %) + (FacosOry + Dzsmem)(%& + %) Al (1260) - o) _vin
A(Ky (1400) — K*~7) (Ficosfx1 — Dysinfx1) (%‘gﬂ + %%L) + (Facostr1 + Dzsingm)(%& _ %a) ,
A(ay (1260) — K™K~ F
A(KT (1400) — p° K~ — 2= (Ficosbr1 + Disinfx (ar ( ) ) 4
! Vi
A(ay (1260) — K*~ K°) —Fy

A(K (1400) — wK ™)
A(KT (1400) — K"7)
A(KT (1400) — p~K°)
A(K; (1400) — ¢K )

— % (FicosOk1 + DisinOg1)
(F1L‘080K1 — DlsinG‘Kl)
—(F16089K1 + Dlsiné’Kl)

(Facos0ky — Dasinfi)

The b1(1235) — V P decay amplitudes.

D3 = cf +2cP +cf, Da=cf +2cf —2c8.

A(K)(1270) — K*~at)
A(K(1270) — p*K—)
A(KS(1270) —» K70)

(FlsinQ;(l + chosexl)
( — Fysinfiq + D16086K1)
- % (Fl sinfi1 + chosﬂkl)

Branching ratios

SU(3) flavor amplitudes

A(b(1235) — p%n)

A(B(1235) P

a2 )

2D, (250 4 cox0e)

A(Fg(1270) = ?*OT/) (Fysinfr1 + DycosOky) (%%P— — %‘%ﬂ) + (Fasinfgy — Dycos&a)(%‘z + %%E) A(b?(1235) — wn®) V2Ds
R iy (Fisinfc1 + DycosOy) (S8 + <2282) + (Fysinfxy — Dacost) (2500 — coste ) . )
— — h h A(b9 (1235 KK —-LD
AR (1270) — p'K° — L (= Fisinfx1 + DicosOx GileER) => ) 73 Ds
1 V2 —0
A(KY(1270) — wK) L (= Fusinxy + Dicosx1) A@®(1235) - KO K°) —Ds
A(KS(1270) — ¢K°) Fysinfx1 + DacosOiy o ST o
A (1235) — K*HK™) LD,
A(Ff(moo) — K*~nt) (Flcosgkl — Dlsinexl)
—0 . A(b9(1235) — K*~Kt) J5Da
A(K{(1400) — pt K ™) —(FycosOk1 + Dysinfgy)
A(K?(1400) — K*70) — 25 (Fieostiy — Dysinfi) A(by (1235) — p™n) 2D (2278 — #e)

A(fZ(MOO) — F:Zn) (FicosOk1 — Disinfiy) (%%E - %) + (FacosOry + DgsineKl)(%E + %) A 235 2D, (2n0e 4 cos0e)
A(fé(1400) — K_z') (FycosOk1 — Dysinfx1) (%%E + %%ﬂ) + (Facosfr1 + Dgsin@xl)(%a - %ﬂ) A(by (1235) — wr™) V2Ds
A(K(1400) — p°K ") \L@(Flcosgxl + Dy sinfr)

A(F?(1400) — wfo) Aﬁ(Flcusekl + D15i7L9K1) A(by (1235) — K"K ™) Da
A(fg(1400) — d)?o) (F2C050K1 — Dysinfx1) A(by (1235) - K™~ K°) Dy




3.1 Amplitude of A—VP

The h1(1170) — VP and h1(1400) — VP decay amplitudes. D3 = ¢ +2cF +¢f, Dy =c§ +2c¢F — 2cf, Ds = ¢ —def + &
, Do =ef —4cf — 28,

The f1(1285) — VP and f1(1420) — V P decay amplitudes. Branching ratios SU(3) flavor amplitudes

A(hS(1170) — p°7°) Z-Ds(V2cos01p1 + sinfip1)

Fy=cft +2ct —2¢8', Fs = cft — 4¢i' + 5.

A(RS(1170) — wn) Y2 D5 (V3coshipr + sinbip1) (cosfp — V2sinbp)
0 / \/_ :
Branching ratios SU(3) flavor amplitudes S0 ) — *5* Da(V2c0801p1 + sinbp1 ) (sinfp + v/2c0s0p)
p ; A(hY(1170) — ptr) ZDs(V2cosOip1 + sinfip1)
*+ pr— cosf3p _ sinfzp
A(f1(1285) — K"K ) V3 1 (F4 F5) + /6 L (F4 + 2F5) A(h?(1170) — p_7r+) %Dg(\/ﬁcosauu + 3in91p1)
A((1285) » K*"K*) — 2P (Fy — Fy) — S22 (Fy + 2F) A(R(1170) — K™ K7) “S(m+m>ﬂﬁwm—wa
— , A(h(1170) —» K*~ K + Ds) 4 £n9er (D, — 2D
A(f1(1285) N K*OKO) cosj_gpl (F4 _ Fs) + sm\(j%pl (F4 +2F5) (ha( ) - ) ( 4 5) /6 ( 4 5)
A(h§(1170) — K°K") APL (D4 + Ds) + 22021 (Dy — 2Ds)
%0 co. sin 7
A(f1(1285) = K K°) — 229881 (Fy — Fy) — *08P1 (F, 4 2F) AR (1170) — K°K°) C"Sjg’l (Da + Ds) + =921 (D, — 2Ds)
A(f1(1420) = K™ K™) _ sinfapy (F4 _ Fs) | costapy (F4 n 2F5) A(R3(1170) — ¢n) 2 D6 ( — costip1 + V2sind1p1 ) (V2cos0p + sinfp)
0\/5 9\/6 (it =) %DS( — cosfip1 + \/§Sin91p1) (\/isinep - cosGP)
*— 7+ sin sinbzpy _ __ cos p
A(f1(1420) - K*~K™) SnBPL (Fy — Fy) — <20PL(Fy 4+ 2F5) A(R(415) - 2°n°) 2Dy (— v 2sinbups + costiren)
A(f1(1420) K*o?O) —M%(E; _ Fs) + “59% (F4 + 2F5) A(hS(1415) — wn) %Ds( — V2sinb1p1 + cosbip1) (cosbp — v/2sinbp)
A(f:(1420) » KK SR (Fy — Fy) — 881 (Fy + 25) O 7 On VB + coss)(inte Vot
A(R9(1415) — pT7) 2-Ds( — V2sinfip1 + cosbip1)

A(h9(1415) — p~7t) %Dg( — V/2sinfp1 + cosbip1)

hS(1415) — K*TK ™) — S0P (Dy + Ds) + 201 (Dy — 2Ds

L

= )
h9(1415) - K"~ K1) “"" SOPL (Dy + D) + 0LPL (Dy — 2Ds)
8024 (D4 + D) + 25422 (D, — 2D5)
A(R(1415) — K°K°) : —%‘};ﬂ(m + Ds) + 20421 (D, — 2Dy

(h1
(h3(
F]=F2=F3=F4=F5=F=COA (?( x
— — — _ _ N A(h9(1415) — K™K ) “"9
D]—DZ_D3—D4—D5—D6—D_COB "
éA(h?(1415) — én) D¢ (siné‘lm + \/icos(hm) (\/fcosep + sinfp)

2
i 3
A — S —— 2De(sinfrp1 + \/560891}71) (ﬁsinep — cosOp) 18




TABLE X: Branching raitos of K1 — VP decays.

3.2 Numerical results of K,—VP

TABLE X: Branching raitos of K, — V P decays.

Branching ratios Experimental data Predictions with 1o Predictions with 20 Branching ratios Experimental data Predictions with 1o Predictions with 20
B(K7 (1270) — K*~7°)(x107?) 7.10£3.32 7.07£6.73 B(K; (1400) — K*~7°)(x1072) 30.49 4 0.93 29.69 4 2.19
B(K (1270) = K*"n)(x107?) 0.50 £0.15 0.69 £ 0.68 B(K; (1400) — K*~n)(x1072) 2.72+1.75 3.11 + 2.66

B(K (1270) = p°K~)(x107?) 16.84 +0.43 16.53 £ 5.32 B(K; (1400) — p°K~)(x1072) 0.85+ 0.85 1.50 + 1.50
B(K7 (1270) — wK ~)(x107?) 9.54 £0.23 9.25+£2.03 B(K; (1400) — wK ~)(x1072) 0.82 4+ 0.82 1.44 4 1.44
B(K; (1270) — K *77)(x1072) 13.95 + 6.51 13.86 + 13.20 B(K7 (1400) — K *n7)(x1072) 60.21 + 1.80 58.68 + 4.36
B(K; (1270) — p~ K')(x1072) 32.67 £+ 0.81 31.85 £ 10.01 B(K; (1400) = p~K")(x1072) 1.67 +1.67 2.95+2.95

B(K; (1270) = ¢K)(x10~°) 44.34 +44.34 B(K7 (1400) — ¢K ~)(x1072) 3.80 + 0.61 3.69 + 1.48

B(K1(1270) » K*~nt)(x1072) 14.12 + 6.60 14.05 4 13.38 B(K1(1400) — K*~7)(x1072) 60.77 + 1.84 59.18 +4.37
B(K$(1270) — p* K~)(x1072) 33.87+£0.85 33.13 £ 10.56 B(K(1400) — p+K )(x1072) 1.70 £ 1.70 3.01 £ 3.01
B(K:(1270) » K n°)(x1072) 7.02+3.28 6.98 + 6.65 B(K}(1400) — K "n°)(x1072) 30.21 £ 0.90 29.44 +2.19
B(K;(1270) > K 77)(><10 2) 0.42 +0.14 0.61 +0.61 B(K(1400) — K ) (x102) 2.58 + 1.66 2.96 + 2.53

B(K(1270) — p"K")(x1072) 16.24 4 0.40 15.91 + 5.06 B(K1(1400) — p"K°)(x1072) 0.84 4 0.84 1.47 +1.47
B(R(1270) — wK)(x1072) 8.88 +0.22 8.55 + 2.01 B(K(1400) — wK " )(x1072) 0.81 £ 0.81 142+ 1.42

B(K'(1270) — ¢K°)(x107°) 24.33 4 24.33 B(K1(1400) — ¢K")(x107%) 3.63 £ 0.59 3.53 +1.43

B(K1(1270) — K*m)(x1072) 21410 21.09 + 9.85 20.98 + 19.98 B(K:1(1400) — K*m)(x1072) 94+ 6 90.84 £ 2.73 88.53 % 6.53

B(K1(1270) — pK)(x1072) 38+13 49.77 £1.21 48.61 + 15.37 B(K1(1400) — pK)(x1072) 3+3 2.53 +2.53 447 +4.47

B(K1(1270) — wK)(x1072) 1142 9.22+0.22 8.96 + 1.96 B(K1(1400) — wK)(x1072) 141 0.81 4 0.81 1.43+1.43
B(K1(1270) — K*n)(x1072) 0.46 £ 0.15 0.65 = 0.65 B(K1(1400) — nK*)(x1072) 265+ 1.71 3.04 £ 2.60

B(K1(1270) — ¢K)(x10~°) 34.34 +34.34 B(K1(1400) — K¢)(x1072) seen 3.71 £ 0.60 3.61 +1.45
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Br(K, (1270) -K*m)(x10?2)

Br(K, (1270) >pK)(x102)

Br(K, (1270) »0K)(x10?2)
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o

3.2 Numerical results of K,(1270)—-VP
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Br within 2c
Br within lo
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( a; )
80
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8.8 1.0 1.2 14 1.6 1.8 2.0
F
(by)
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Br(K, (1270) -K*m)(x102)

20

Br(K, (1270) >pK)(x10?)
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N (=) (=3

el

Br(K, (1270) »oK)(x102)

50 -1.25 -1.00

D
(b,)

-0.75 -0.50

-i‘.SO -1.25 -1.00

D
(€°9)

-0.75 -0.50

Br(K, (1270) -K*m)(x102)

Br(K, (1270) —pK)(x10?)

Br(K, (1270) »0K)(x102)

D
(=]

40
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80

80
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%0 30 40 50 60 70 80
eK]
(b;)
20
16
12
8
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eK]
(¢3)

41 UL within 2o
31 UL within 1o

11 LL within lo
1 LL within 2o

64 UL within 20
51 UL within lo

25 LL within 1o
12 LL within 2o

15 UL within 2o
13 UL within 1o

9 LL within 1o
7 LL within 2o

Our results of

[51°,65°] within lo errors

[24°,70°] within 2o errors
1(1270) -

1(1270) -

Our results of F :
[1.43,1.68] within 1o errors
[0.91,1.79] within 2c errors

Our results of D:
[-1.22,-0.88] within 1o errors
[-1.32,-0.65] within 20 errors
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3.2 Numerical results of a,/b,—VP

TABLE XI: Branching raitos of a; /b1 — V P decays.

TABLE XI: Branching raitos of a1/b1 — VP decays.

Branching ratios Predictions with 1o Predictions with 20 Branching ratios Predictions with 1o Predictions with 20
B(af(1260) — pTn~)(x1072) 37.97 +9.17 30.31 4 17.82 B(b7(1235) — p°n)(x107?) 5.05£1.79 4.88 +3.25
B(af(1260) — p~nt)(x1072) 37.97 £9.17 30.31 £ 17.82 B(b9(1235) — wn®)(x1072) 37.97 £9.17 58.16 + 33.83

B(a9(1260) — K*°K )(x1072) 1.8140.56 1.54 +£1.17 B(b°(1235) — K*°K )(x1072) 0.39 +0.14 0.39 £ 0.28
B(a9(1260) — K °K°)(x1072) 1.8140.56 1.54 +£1.17 B(b9(1235) — K °K°)(x1072) 0.39 4+0.14 0.39 +£0.28
B(a?(1260) — K*TK~)(x1072) 1.88 £0.57 1.61 +1.20 B(b?(1235) — K*TK~)(x107?) 0.454+0.16 0.4540.31
B(a?(1260) — K*~ K1)(x1072) 1.88 £ 0.57 1.61 £1.20 B(9(1235) — K*~KT)(x1072) 0.4540.16 0.4540.31
B(ay (1260) — p~7°)(x1072) 38.15 £ 9.21 30.46 + 17.90 B(b; (1235) — p~n)(x1072) 5.11+1.83 4.88 4+ 3.24
B(ay (1260) — p°77)(x1072) 37.97 £9.18 30.36 + 17.90 B(by (1235) — wr™)(x1072) 64.04 + 20.80 57.90 + 33.68
B(a; (1260) — K*°K~)(x107?) 3.68 +1.13 3.14 +2.36 B(by (1235) — K*°K~)(x1072) 0.84 +0.30 0.83 +£0.58
B(a; (1260) — K*~K°)(x1072) 3.69+1.13 3.16 +£2.37 B(b; (1235) — K*~ K°)(x1072) 0.85 4 0.30 0.85 4 0.59
L 2 Brwithin 20 T s R
% 100} + Brwithin 1o % %100 X g
g “ £ s g 80 g
I 1 T 0 T
§ ° % 4 § ” £ 14
‘é 40 \E’j :} 20 }OJ
z = = =y
/M (975 1.00 1.25 1.50 1.75 2.00 (9.75 1.00 1.25 1.50 1.75 2.00 ] -?.50 -1.25 -1.00 -0.75 050 = i?.SO -1.25 -1.00 -0.75 -0.50
F F D D
(a;) (ay) (a3) (a;) 21



3.2 Numerical results of f,—VP

TABLE XII: Branching raitos of f{ — VP decays

§ 3.0 §30
(e} (e}
Branching ratios Predictions with 1o Predictions with 20 2 94 Z 24
= =
B(fP(1285) — K*TK~)(x107?) 0.54 £+ 0.19 0.54 £ 0.49 EN E
o 12 o 12
B(f2(1285) — K*~K)(x1072) 0.54 4 0.19 0.54 4 0.49 & &
Z 06 Z 06
B(£°(1285) — K*°K")(x1072) 0.13 +0.05 0.124+0.11 < 00 < 00
A 075 100 125 150 175 200 A 0 30 60 90 120 150
B(£°(1285) —» K "K°)(x1072) 0.13 £ 0.05 0.12£0.11 F O3p1
(by) (by)
B(f?(1285) — KK*)(x107?) 1.34 +0.47 1.29 + 1.16
f; 125 112125
B(fP(1420) - K*TK~)(x107?) 13.11 £13.11 13.25 £13.25 ; 100l ;wo
=] ==
B(f7(1420) — K*~ K*)(x107?) 13.11 +13.11 13.25 +13.25 7 B ? =
—0 S 50f > 50
B(f?(1420) — K*°K )(x107?) 11.73+11.73 11.84 4 11.84 g g
Z 25¢ Z 25
B(£°(1420) —» K" K°)(x1072) 11.73 +£11.73 11.84 + 11.84 T ol <o
B 075 100 125 150 175 200 AR 0 3 60 90 120 150
B(f2(1420) — KK*)(x107?) 49.68 4 49.68 50.00 =+ 50.00 F 03p
(b3) (by)

Our results of 3 1: [55°,125°] within 1o errors, [30°,145°] within 20 errors
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3.2 Numerical results of h,—VP

TABLE XIII: Branching raitos of h{ — V P decays.

Branching ratios

Predictions with 1o Predictions with 20

B(h9(1170) — p°7°)(x1072) 20.54 =+ 10.40 18.82 4+ 13.18
B(h(1170) — wn)(x1072) 1.92 +£0.94 2.08 + 1.66
B(hY(1170) — pT77)(x1072) 20.43 4+ 10.34 18.70 + 13.10
B(hY(1170) — p~ 7 t)(x1072) 20.43 4+ 10.34 18.70 + 13.10
B(h9(1170) — K*TK~)(x1072) 0.90 £ 0.80 1.04 4+ 1.04
B(hY(1170) — K*~ K+)(x1072) 0.90 £ 0.80 1.04 4+ 1.04
B(h9(1170) — K*°K")(x1072) 0.86 + 0.76 0.99 4+ 0.99
B(h9(1170) — K K°)(x1072) 0.86 + 0.76 0.99 + 0.99
B(hY(1170) — ¢n)(x1072) 0.09 4 0.09 0.1440.14
B(h{(1415) — p°7°)(x1072) 13.04 4 13.04 15.15 4+ 15.15
B(h9(1415) — wn)(x1072) 3.43 + 3.43 4.03 £+ 4.03
B(h9(1415) — ptn™)(x1072) 13.01 + 13.01 15.14 + 15.14
B(h9(1415) — p~ ™) (x1072) 13.01 + 13.01 15.14 + 15.14
B(h?(1415) — K*tK7)(x1072) 11.52 + 10.20 13.37 + 13.17
B(h9(1415) — K*~K1)(x1072) 11.52 #+ 10.20 13.37 + 13.17
B(h9(1415) — K*°K")(x1072) 10.03 + 8.88 11.59 + 11.45
B(h9(1415) — K K°)(x1072) 10.03 + 8.88 11.59 + 11.45
B(hY(1415) — ¢n)(x10~2) 1.06 + 0.69 1.32 £ 1.27

Our results of 1 4

[8°,58°] within o errors, [-10°,75°] within 2c errors
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B(D — AltTvy, A — VP)

4.2 Numerical results of D—A(A—VP)lv

TABLE XIV: Branching ratios of the D(y) — Kie"ve, K1 — VP decays.

= B(D — Al*vy) x B(A— VP)

TABLE XIV: Branching ratios of the D) — Kietve, K; — VP decays.

Branching ratios

Predictions with 1o

Predictions with 20

Branching ratios

Predictions with 1o Predictions with 2o

etue,

B(D® — K, (1270)
L (1270)e ve,
L (1270)e T ve,
D° — K, (1270)e* v,
L (1270)e v,
(

B(D° — K (1270)eT ve,
(1270)8*14,.,
K(1270)etve, K
K1(1270)e* ve,

Dt — K1(1270)e+ue,
K5 (1270)e v,

B(D" — K1(127O)e+1/€,

B(Dt — K5 (1270)e v, K

B(D} — K?(1270)e" v,

B(DY — K?(1270)e v,

B(D} — K?(1270)e v,

DI — K?(1270)e" v,

B(DY — K?(1270)e v,

B(DI — K (1270)e" v,

B(Df — K (1270)e v,

K*’

0)(x107°)
S K 7r

(1270) — )

(1270) “)(x107°)
(1270) — p°K)(x107?)
(1270) = p~ K )(x10~?)
(1270) “)(x1077)
(1270) — K* " n)(x107%)
(1270) — ¢K ~)(x10~9)
1270) — K* 7 t)(x10~%)
1(1270) — K °7%)(x10~%)
1270) — pT K 7)(x10™%)
1270) — p°K ) (x10~%)
1270) — wK ) (x1077)
1270) — K n)(x107?)
1270) — ¢K°)(x10~9)
1270) — K*~7t)(x107%)
1270) — K °7°)(x107°)
1270) — p" K 7)(x107°)
1270) — p"K)(x10~°)
K?(1270) — wK"))(x10~°)
K?(1270) — K ") (x10~7)
K9(1270) — ¢K°)(x10~1°)

i Ao I Il Il B I |

)
)
)
)

HO RO RO RO R

NNlNlNININﬁLNNNNNNN

= =
o ~o o ~o ~o FofiE

=

—~ o~~~ N~~~ A~~~

7.03 £ 3.76
13.79 & 7.36
15.99 4+ 2.08
31.01 £ 4.16
8.97 £ 1.18
4.82 4+ 1.92

3.58 4+ 1.92
1.78 & 0.95
8.25 4+ 1.10
3.96 4 0.51
21.45 £2.83
1.034+0.43

12.82 £ 6.79
6.37 & 3.37
29.77 £ 3.88
14.25 4+ 1.83
7.69 £ 1.02
0.37 £ 0.15

8.26 £ 8.02
16.23 & 15.77
16.61 +9.16
32.24 £+ 17.65
8.98 £ 4.21
7.76 £ 7.72
55.06 & 55.06
4.23 +4.11
2.10 £ 2.04
8.58 £ 4.74
4.09 4 2.25
21.28 £ 10.24
1.80 £ 1.80
67.45 + 67.45
15.24 4 14.80
7.58 £ 7.37
31.19 £ 17.12
14.87 £ 8.14
7.66 £ 3.81
0.66 + 0.66
24.98 & 24.98

B(D® — K (1400)e* ve,
B(D° — K, (1400)e* v,
B(D® — K, (1400)e* ve,
B(D® — K (1400)e* v,
B(D° — K (1400)e* v,
B(D® — K, (1400)e* ve,
B(D° — K (1400)e* v,
B(D* — K (1400)e v,
B(D* — K (1400)e v,
B(D* — K (1400)e " ve,
B(D* — K (1400)e* ve,
B(D* — K5 (1400)e* v,
B(D* — K (1400)e* v,
B(D* — K (1400)e " v,
B(DE — K{(1400)e" v,
B(Df — K{(1400)e* v,
B(Df — K{(1400)e" ve,
B(DF — K{(1400)e" ve,
B(Df — K{(1400)e" ve,
B(DI — K{(1400)e" ve,
B(Df — K{(1400)e* v,

= xx X

i R

I =1 =]

HO O RO RO RO R

R AANANANANANANS S

=

XX

=S HO HO HOo HOo =o o

=

9.58 £ 9.58
18.94 + 18.94
4.46 + 4.46
8.77 £8.77
4.30 £ 4.30
6.17+6.17
12.31 +£12.31
4.92+4.92
2.45£2.45
2.30 £+ 2.30
11.32+11.32
10.92 4 10.92
1.51 +1.51
3.03 £3.03
2.02 £ 2.02
10.03 + 10.03
9.32+£9.32
4.59 +4.59
4.43 £ 4.43
6.16 = 6.16
12.43+12.43

35.76 £ 35.76
70.64 £ 70.64
24.77 £ 24.77
48.59 £ 48.59
23.89 £ 23.89
61.09 £+ 61.09
44.26 £ 44.26
18.20 + 18.20
9.05 £ 9.05
12.63 + 12.63
62.15 £ 62.15
59.89 £ 59.89
14.84 + 14.84
10.83 £ 10.83
7.45£7.45
37.05 £+ 37.05
51.69 £ 51.69
25.44 £+ 25.44
24.52 £ 24.52
61.07 £ 61.07
44.33 +44.33
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4.2 Numerical results of D—A(A—VP)lv

B(DT — 59(1235)eTv,, 09(1235) — wn®) < 1.75 x 1074

TABLE XV: Branching ratios of the D(5) — a1/bietve, a1/bi — VP decays.

B(D° — b7 (1235)eT v, by (1235) — wr™) < 1.12 x 107*

Branching ratios Predictions with 1o Predictions with 20
TABLE XVI: Branchi tios of the Dy, Vetve, f = VPd ..

B(D° — a7 (1260)¢ e, a (1260) = p~7°)(x1075) 161+0.79 2.00+ 1.82 ranching ratios of the Dyy) = fie™ve, fi = VP decays
B(D" — a7 (1260)e™ve, a; (1260) — p'7~)(x107°) 1.61£0.78 2.08+1.81 Branching ratios Predictions with 1o Predictions with 2o
B(DO — al_(1260)e+1/e, ay (1260) K*OK_)(XIO_G) 1.48 £ 0.59 1.34 £ 1.07 B(D+ — fl (1285 €+Vg, fl (1285) K*+K—)(X10—ﬁ) 3.96 + 3.66 5.13+5.13

0 - + *— 770 -6
B(D° — a; (1260)etve, a7 (1260) — K*~K°)(x107°) 1.48 £ 0.59 1.34 4 1.07 BDY — [O(1285)¢ ve, [0(1285)  K*~ KH)(x10°°) 4601550 8180518
B(D"™ - a3(1260)e*ve, al(1260) — pT77)(x107°) 2.05+1.00 2.64 +2.29 B(DY = £9(1285)c v, £9(1285) - KK (x10-7) 045+ 875 82118

s — € Ve, — X . . K .
B(DT = a%(1260)e* ve, ad(1260) — p~7T)(x107° 2.05+1.00 2.64 +2.29 '
0 7
B(D" - ad(1260)e " ve, ad(1260) — K*°K")(x1077) 9.24 4+ 3.69 8.47 +6.76 BD} = fR(1285)e" e, fH(1285) - KK (x107) HAOEST Hez e
1 ey U1 . B . A

B(D" = ad(1260)¢ " ve, a%(1260) — K °K°)(x1077) 9.24+3.69 847+ 6.76 B(D¥ - f2(1285)e*ve, f(1285) » K*TK7)(x1077) 108108 R
B(D* — af(1260)¢ve, ad(1260) - K*TK7)(x107)  9.61+381 8.76 + 6.97 B(D¥ - f2(1285)e™ve, f(1285) » K*"K¥)(x107°) 108241082 15.95 4 15.95
B(D" = a?(1260)e*ve, a?(1260) = K*~K1)(x10™7) 9.61 +3.81 8.76 + 6.97 B(D* — f(1285)e* ve, f0(1285) — K*°K’)(x107%) 2294229 3.66 + 3.66
|B(D° — by (1235)e™ v, by (1235) — wr )(x107°) 16.53 £ 11.10 21.61 + 18.75 |1()-5 B(D* — f2(1285)¢ ve, f9(1285) - K K°)(x107°) 22.93 +22.93 36.57 + 36.57
B(D" — by (1235)e™ ve, by (1235) = pn)(x107") 12.18 £841 16.69 £ 14.74 B(Di — f(1420)e*ve, f0(1420) - K*TK~)(x107°) 7.16+£7.16 10.83 +10.83

0 = + — *0 7 — -7
B(D° — by (1235)e* v, by (1235) — K*°K~)(x1077) 210+ 1.4 2.78 £2.43 B(DY = fO(1420)e*ve, f1(1420) — K*~ K*)(x10-%) 7164716 10.83 £ 10.83

0 — + — *— 170 -7
B(D" — by (1235)e* v, by (1235) — K*~K°)(x1077) 2.13+1.46 2.82 +2.46 BDF = f(1420)c ve, f(1420)  KR*)(x10-%) 646 % 6,46 0,67 0.67
|B(D+ = bY(1235)etve, b9(1235) — wr®)(x107°) 21.21 +14.23 27.49 + 23.82 . . .

— — - — B(DF — f2(1420)eve, f1(1420) » K K°)(x107°) 6.46 + 6.46 9.67 +9.67
B(DT — bY(1235)e ™ ve, b3(1235) — p°n)(x107°) 1.53+1.05 2.14+1.89 , ;

— Dt 1420)e* ve, f1(142 K*TK™)(x10™ 24.63 + 24. .00 + 39.00

B(D* — K(1235)e* ve, 6(1235) — K*K°)(x10~%) 12.62 4+ 8.67 16.78 4 14.75 BDT = fi(1420)eTve, f1(1420) )(x107) 03+ 24.63 9.00£39.0
B(D* = B(1235)¢ v, 1(1235) — T°K)(x10°%) 19,69 4 B.6T 16.78 £ 14.75 B(D* — f2(1420)etve, f1(1420) » K*~K*1)(x1077)  24.63 + 24.63 39.00 + 39.00
B(D* - b0(1235)e* v, b0(1235) = K**K~)(x10~%) 14.50 + 9.90 19.20 + 16.79 B(D* = f0(1420)e*ve, f1(1420) » KK )(x1077) 22.17 +22.17 35.24 + 35.24
B(D™ - b)(1235)etve, b9(1235) — K*~KT)(x107%) 14.50 £ 9.90 19.20 £ 16.79 B(D* — f2(1420)e*ve, f1(1420) —» K 'K°)(x1077) 2217+ 22.17 35.24 +35.24
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4.1 Branching of D—-A(A—VP){lv

TABLE XVII: Branching ratios of the D5 — he + ve, h{ = VP decays. TABLE XVII: Branching ratios of the Ds) = hie + ve, hf = VP decays.
Branching ratios Predictions with 1o Predictions with 20 Branching ratios Predictions with 1o Predictions with 20
10-5 B(DI = hi(1170)e* ve, hY(1170) = p"n%)(x107°) 2.57+2.57 3.64 +3.64 B(DF — h{(1415)e*ve, hY(1415) — p"7°)(x107°) 4.40+4.40 6.42 + 6.42
B(DF — Wi (1170)e v, hI(1170) — pTn~)(x107°) 2.55 4 2.55 3.62 4 3.62 B(DF — h(1415)eTve, hY(1415) = pTn7)(x107°) 4.394+4.39 6.40 +6.40
B(DF — RY(1170)etve, hI(1170) — p~x™)(x107°) 2.55 4 2.55 3.62 £ 3.62 B(DF — hY(1415)eTve, h9(1415) = p~7T)(x107°) 4.3944.39 6.40 £ 6.40
B(DF = hY(1170)etve, hI(1170) = K*TK~)(x107%) 1.98+1.98 4.20 £ 4.20 B(DF — hY(1415)eTve, hd(1415) = K*TK™)(x107?) 5.27+5.08 6.62 £ 6.60
B(DF = BY(1170)etve, hI(1170) = K*~KT)(x1075) 1.98 +1.98 4.20 +4.20 B(DF — hY(1415)eTve, hY(1415) — K*~K*)(x107°) 5.27+5.08 6.62 £ 6.60
B(D; — K(1170)e T we, h9(1170) —» K*°K")(x107°) 1.88+£1.88 3.99 £3.99 B(DF — h2(1415)e v, h2(1415) - K*K")(x107°) 4.4044.24 5.83£5.82
B(DF — (1170)e we, h9(1170) — K °K°)(x10°) 1.88+1.88 3.99 £ 3.99 B(DYF — h9(1415)eTve, R(1415) = K °K°)(x107°) 4.40+4.24 5.83+5.82
B(DF = hY(1170)etve, hI(1170) = wn)(x107°) 2.49 £2.49 3.10£3.10 B(DF — h9(1415)eTve, hi(1415) — wn)(x107°) 11.20 + 11.20 15.18 £ 15.18
B(DT = RY(1170)etve, hI(1170) — p°7°)(x107°) 8.84+7.09 10.41 4 9.78 B(D* — hY(1415)eTve, hS(1415) = p"n%)(x1077) 3.98+3.98 11.79 £11.79
B(D* — hY(1170)etve, hI(1170) — p*7)(x107°) 8.79 4 7.04 10.35 4 9.72 B(D" — h{(1415)e*ve, hY(1415) — p*a~)(x1077) 3.9843.98 175+ 11.75
B(D™ = RY(1170)etve, hI(1170) — p~x™)(x107°) 8.79 + 7.04 10.35 4 9.72 B(D* — hY(1415)eTve, h(1415) = p~xT)(x1077) 3.98+3.98 1175 £ 11.75
B(D* = hY(1170)etve, hI(1170) = K*TK~)(x107") 3.84+3.63 5.29 4 5.29 B(D* — hY(1415)eTve, h(1415) — K*TK™)(x1077) 1.204+1.20 2.35+2.35
B(DT — hY(1170)e T ve, hY(1170) — K*~KT)(x1077) 3.8443.63 5.2945.29 B(D* = RY(1415)eTve, hI(1415) = K*~K7)(x107") 1.204+1.20 2.3542.35
B(DT — K)(1170)e T we, hY(1170) — K*°K")(x1077) 3.65+3.45 5.05 4+ 5.05 B(D* — h)(1415)eTve, h(1415) —» K*K")(x1077) 1.02 4 1.02 2.0142.01
B(Dt = h(1170)e v, h2(1170) — K K°)(x1077) 3.65+3.45 5.05 4 5.05 B(D* = h2(1415)e v, h2(1415) » K K°)(x107) 1.02 4 1.02 2.0142.01
B(Dt — hY(1170)eTwe, hY(1170) = wn)(x1077) 7.44 +5.99 11.86 4+ 11.38 B(DT — hY(1415)e™ v, hY(1415) = wn)(x1077) 1.01£1.01 2914291
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Conclusion

v Using SU(3) Flavor Symmetry approach to study
D—A(A—VP){*v, decays.

v" Predicted the not-yet-measured observables, and some of
them are obtained for the first time.

v Some predictions of D—A(A—VP){*v, could be tested at
BESIII, LHCb and Belle-I1.
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Thank you for your attention !



