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Motivation
e Observation (BESIII, PRL112001 (2019), arXiv:1903.04118 [hep-ex])
B(DF — 77O (qd™) 5)70H)p) = (1.46 + 0.15 + 0.23) x 1072,

ag = ao(980), claimed as the W-annihilation process.
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e Theoretical difficulties

The spectator quark § in D needs elimination.

The productions of ag*®, equal sizes. ¢ " gt

D a?
B(DF — 7 4°) = (2.0 + 1.2) x 10~ & ol o
: d )

B(DF — 7O (ad®) -5)r0H)p) = 146 x 1072 .

B(D} — ntn) = (1.70 £ 0.09) x 102
(DY

C ! ag(n)
B — 7T+f0(980)) ~ 0(10_2) Diy Dﬁ,@u 79(a?)

e Estimation

B(D* —>7r+(0)( 0(+) _ 0(+)77)

~ (£2) (.Vcs.) ms( )" x BDF — w0 )ny)
~1.2x 1073

disapproved by data: B(D+* — nt7%)) = (1.38 2 0.35) x 1073



Scalar mesons below 1 GeV

e Controversial identifications /O\\/K+
0,4
CL(_)'_, Qg f0(980) a, aN/fo, O a;

p-wave (ud), (v — dd)/\/2, s5
compact s5(ud), s5(ut — dd)/v/2, A 0
s§(ut + dd) /2 tetraquarks

o =udud £, = s5Ca +dd )/ 2O
a, =@uﬁ—dc?)/\/§, af =udss)  a =dﬂ@
K =u§@, K’ = a’E@, K= s@, K~ = sild

Since you have eliminated the impossible,
whatever remains, however improbable,
must be the truth.
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e not for ag

e constraint from D} — aje™ v,

® O — agY
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= B(D;— — 77,0+) = (8.9 T 0.8)%

e Is qg still a tetraquark?

(b)

(DF —np™)



(DS — np*)

Hes = SEVesVaalet' (ud)(s5c) + 5’7 (sd) (uc)]
A(DF = np*) = FEVesVaaar (p* | (ad) |0) (1] (5¢)| DY)
(n|(s¢)| D7) = (pp, + Pp)uF '+ (8) + quF-(¢)
(p™|(ud)|0) = my fpe,

Ft) = 1—a<t/m%f)(3)b<t2/m;as)

a; = 1.02 £+ 0.05 e B(DF = np*) = (8.9+0.8)%

Alao = 7)) = Gagyn
.A(,O — 7T+7TO) = Yprrn€ - (p7r+ - p'rro)



(b)

(a)

Aoy = ADf — 77 (ag =)7°n+ 7°(ag =)7tn) = Au + As,

1
+
A, = A(D — 7 (ag —)7°n) = ——— +Zma8Fa8
. d4CI3 -/Zla 2
i G =, 0 - @ = )
1

Ay = A(D} — 7°(ag —)mtn) = — )

y z/ d4(l3 Ay
(2m)* (g7 — m2; +i€) (g3 — m2 +i€) (g5 — mZy)

fla(b) = A(Ds+ — 77/0+) A(777l'0(+) N a8(+)) -Aa(b) ( p+ N () 7r0(+)) .A( a8(+) 5 777T0(+)) ,

Fowy(@3) = (m2oey — A?) /(g5 — A?),

A= (1.6+0.2) GeV
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B(DF — ad M7t @) = (1.7 £0.4) x 1072,
B(DF — 7@ (g0 5)70H)p) = (1.5 £ 0.3) x 1072,
B(DF — 7+ (gd™) 5)7%Hp) = (1.46 + 0.15 + 0.23) x 102

e DI — 7t (ad —)n°n and D} — 7%ag —)7 Ty

large interference with a relative phase of 180°

p*(qs) — 7°(g3)m (g4 — g3), pT(qu) — 7 (g3)7° (g4 — g3)
Ao(pt — 770 = —Ay(p™ — 77 )

30% cancellation to the total branching ratio.




Summary
e By explaining B(D} — 7" (ag —)7'n, 7°(ag —)7"n)
as large as 1072,

we have provided the evidence that ag is a tetraquark.

e Apart from ¢ — aq7, there rarely exists the decay
for ag in association with ss and gq both,

which makes the observation by BESIII important.
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