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Introduction

2-body D decay channels:

DT — PP,PV and D — SP,SV

e DY —» PP, PV

P(V'): Strangeless pesudoscalar (vector) meson
Possible decay channels: D — 7t7%, 7t p%, 7w
Short-distance W-boson annihilation (WA) process

D (c3) = W+ — ud




G parity analysis
'H.Y. Cheng and C.W. Chiang, PRD81, 074021 (2010)]
ud (odd), 7+7% (even), 77 p° (odd), 7w (even)

B(D}f — ntnY) < 3.4 x 1074 c—>

B(D+ — 7t p°) = (1.9 £ 1.2) x 10~ M
B(DF — mtw) = (1.94+03) x 1073 5_

SD WA for B ~ 1074

FSI as LD annililation process for B(D — ntw) ~ 1072
Fajfer, Prapotnik, Singer, Zupan, PRD68, 094012 (2003)]
H.Y. Cheng and C.W. Chiang, PRD81, 074021 (2010)]




e DI — SP,SV decays
S: strangeless scalar meson, ag = a¢(980)
Possible decay channels: DI — ag Pt © ¢ ) 04) g+,

G parity analysis for WA process:
[Achasov, Shestakov, PRD96, 036013 (2017)] DM@
ud (odd), agm (even), agp (odd), ajw (even) 5

BESIII presents that

B(DF — 7+ @) ¢ s 70 p) = (1.46 + 0.15 & 0.23) x 102
B.(Df —afp’,af — 7n)=(21+£0.8+0.5) x 1073

Bo(Df — agpt,a) - KTK~)=(0.7£02+0.1) x 1073

10-100 times larger than 104, unlikely from WA,
D} — agw not measured yet.

A careful study is needed.



M? ,n(Gevz/c“)

PHYSICAL REVIEW LETTERS 123, 112001 (2019)

Amplitude Analysis of D; — z* 7% and First Observation of the W-Annihilation
Dominant Decays D;” — a,(980)*z° and D; — a((980)°x+

BESIII, PRL123, 112001 (2019),

B(D}f — nt7%)) = (9.50 £0.28 +0.41) x 1072,

B(D;' — 77(,00 —))7T+7T0) = (7.44 + (.52 + 0.38)

x 1072,

B(D; — O (a) ") —)r0Hy) = (146 £ 0.15 + 0.23) x 102,
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DT — 7+0) (a8(+) —))7T0(+)77

claimed as the W -annihilation process.

n SR Cad B
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with the assumption that ag is a p-wave scalar meson.

Elimination of §in D7 .

. 0 .
Productions of a, ", equal sizes.



Scalar mesons below 1 GeV

e Controversial identifications

5(800) 5(800)
ag , ag, fo(980)
p-wave (ud), (u@t — dd)/v/2, s5 20(980) 80) 2(980)
compact s5(ud), ss(ut — dd)/V/2, ooy e
s5(uti + dd) /+/2 tetraquarks <(800) (800)

e tetraquark, promising
£0(600), udud; fo(980), usus;

lighter than 1 GeV
PRL110, 261601 (2013), Steven Weinberg



Theoretical difficulties

B(Df — ntp’)=(2.0+1.2) x 10~*

B(DF — 77O (0™ )70 ) = 1.46 x 102
B(D}F — ntn) = (1.70 £ 0.09) x 102

B(DF — « f,(980)) ~ O(107?)
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e (G-parity violation:

WA ¢5 — W+ — ud decay

the G-parities of ud and agm, odd and even, respectively.
Cheng, Chiang, PRD81, 074021 (2010),

Achasov, Shestakov, PRD96, 036013 (2017).

WA process for D — agm should be suppressed.




Estimation for Dt — 7 7'n

e B(n) =B(DT = ntxd . o ag (™)
= (inél) T O.ZE, 1.6 + 0.5) xn)lo_?’ [pdg]. D(SL(S) . CZ ™ (ag)

o B(n) = B,(n) + Bwa(n) “

e B,(n) = B(D* - n(p* -)r*a®) oy, )
B,(n) = (1.5 + 0.5) x 1073 i . ™)

0
Li, Lu, Qin, Yu, PRD89, 054006 (2014);
Cheng, Chiang, PRD100, 093002 (2019).
) = B(Dt = 7t (a8(+) —)m0H)n)
9

Y
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Since you have eliminated the impossible,

whatever remains, however improbable,
must be the truth.

Other short-distance effect?
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e fo — ap mixing Wei Wang, PLB759, 501 (2016)

e not for ag

[\
(=]

10-

Events/40 MeV/c?

e constraint from D} — age™ v,




Long-distance annihilation contribution?
Triangle rescattering as FSI

® O — agy

PHYSICAL REVIEW D 73, 054017 (2006)

Chiral approach to phi radiative decays

Deirdre Black,"* Masayasu Harada,”" and Joseph Schechter’*

(a) (b)



(a)

d .+
W Uu
D} 7(sS)
(DS —mnp™)
B(Df — p™n) = (7.4 +0.6)%




(D — np*)

Hess = T VesVudlcr(ad) (5¢) + co(3d) (uc)]
A(DF — np*) = ZEVesVuaar (p*|(@d) |0)(n|(5¢)| DY )
(n|(5¢)|DF) = (pp, + Pn)uF(t) + quF—(1)

(P |(ud)|0) = m, fre,,

_ F(0)
F(t) _ l—a(t/mQDs)+b(t2/m4bs)
a; = 0.93 =0.04

B(D+ — ptn) = (7.4 £ 0.6)%




(a)

Ag()b) = A(D — 7r+(0)(a8(+) —)7T

(b)

n _
Ta) =
A = GDspnggomrgpm
A, — GDspn’gaon’ﬂ'gaon'lrgp'/rvr
A(DF — n"p") - (pp, + )
G o = (Gr/V2)ViVaaarm, f,F (m?2)

i GDSPTI(,) 6*

A(ao — 777T) = YGaonm
A(p™ = mt1°) = gppr€ - (Pr+ — Pro)

0(+),,() = A7)
) n) = DOA T(b)a
| / d*q (2pp, — Qu(—9" + %) (q — 2P+
(27’(’)4 D1D2D3 ’
Dy =1z — Z [Rell??(m? ) — 127 ()],

D]_ — q2 — mp -+ ’meFp,
Dy = (Pw0(+) — Q)2 - m72r0(+> + de” ;

D3 = (q— Pn(r))2 — mf?(,) +ie",



(a) (b)

Dy =z —m?, = 3 [Rell3f (m?,) — 1137 ()] %0 = nm KK
op fo— mm, KK
L R R
. T — (Mgg)? + /T — (Myp)?
xpaﬂ(z—l— log[\\?w_ 24__\\?3;_( +Z)2D
_ paﬁ(l — — arctan [\/\/—xx_—I—(?(:zjV D Oz — (mgg)*] — Oz — (
(Map)? — 2 +4/(Mmgp)? — = .
" paﬁ% ‘o8 [\\?(m;})z — i é(mj;)z _ Je[(maﬂ) N x]} ’
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B(DF — o) 7t @) = (1.74+0.2

o DI — 7™ (
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B(D} — a0 (a8(+)

B(D;’ — 7T+(O)(a8(+) —))7T0(+)77) — (1.46 + 0.15 =
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+0.1) x 1072,

+0.1+0.1) x 1072 :
-0.23) x 1072

— )T

large interference with a relative phase of 180°

pT(qs) = m(q3)m " (qa — q3), pT(qa) = 7 (g3)7°(qs — g3)

Ao(pt — 770) = —A(pt — 707 ™)

30% cancellation to the total branching ratio.
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D —» 8V

Study of the Decay D} — wtwtw~n and Observation of the W-annihilation Decay
D} — ao(980)"p°

BESIII, PRD104, 071101 (2021)

Amplitude analysis and branching fraction measurement of D" — K~ K tatal

BESIII, PRD104, 032011 (2021)
B.(DF — aip®, af — ) = (2.1 £ 0.8+ 0.5) x 1073, ’ »
Bo(DF = adpt,a0 - KTK™) = (0.7+£0.2+0.1) x 1072, . :

D (c3) = WT — ud
SD WA for B~ 10~

Study D+ — p°Paf® and D — wad
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T C A
+ + Gr o :
M, (D] — n'n) = EVCSVM(\@A cosp — T'sin @),
M (Df — 7)) = %V;Vud(\/ﬁfl sin ¢ 4+ T cos ¢) ,
_ Gr
Mg(DF - KTK®) = —=V*V,4,(C + A),
k(D ) 3 es a(C + A)

(1T, |C|, |A]) = (0.363 £ 0.001, 0.323 £ 0.030, 0.064 £ 0.004) GeV? ,
(6c,04) = (—151.3£0.3,23.07,70)°,
H.Y. Cheng and C.W. Chiang, Phys. Rev. D 100, 093002 (2019)




2
diq,  MaMp) st Ma(—;(m EN— (92)

(2m)* (¢f — m2)[(q1 — p2)? — m2][(q1 — p1)? —m2]’
M, / diqy MMk k- ROM 30 gogero Fr(3)
(2m)* (¢f — mik)[(q1 — p2)? — m¥|[(q1 — p1)? — mi]
M. / d4q1 MKM 0(+) —y RO R0(+) M +(0)_)K0K+(0)FK(C]2)
mi)[(q1 — p2)? — mik|[(q1 — p1)? — mi]

M(DF = p"Dad®) = M, + M.+ My + M.,
M(DF — wal) = My + M.,
M(D; — pag) = M(DS — p*ay),
M(D}F = waf) =0,



Theoretical results

B(DF — p"Pag®) = (3.04+0.3+1.0) x 1072,
B(D} — wag) =0,

B(DI — p0(+)(a8r(0) )T ) = (1.6792 4+ 0.6) x 1073,
B(Df = pT(ad =)KTK~, K°K°%) = (0.972

B(D} — p°(af —)KTK°) = (1.51573 -

-0.4,0.7707 £ 0.3) x 107*,

CJO[\D — W N
II

4+ 0.6) x 1074,

Experimental data

B.(Df = alp’,af = 7tn)=(2.1£0.84+0.5) x 1072,
Bo(Df = agp™,ag - KTK™)=(0.7+£0.2+0.1) x 107,




The total branching fraction [Belle, PRD103, 052005 (2021)]
B(AT = Anpr™) = (184+0.2+0.9+0.9) x 107°,

B(A] — A*r™, A* = An) = (3.5+0.5) x 1072,

B(AF — ¥, ¥ — ArT) = (10.5 £ 1.2) x 1073,
with A* = A(1670) and ¥X* = 3(1385).
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A possible AT — Aag,af — nm™ process.
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Cabibbo-favored A — Aay(980)" decay

in the final state interaction

Yao Yul'* and Yu-Kuo Hsiao? T

B(AF — pfo) = (3.5 +2.3) x 1073

measured in 1990

B(AF — Aaf) = (1.7735+£0.3) x 1073




Summary

e We have studied the two-body D decay channels: D — aq(7, p,w).
e In the rescatterining mechanism, we have obtained

B(DF — 7tOgd™) g3 4 70H)p) = (1.4 +£ 0.1 +£0.1) x 1072,

Bl satp' a0 »ein) (1607106 <10

agreeing with the data; however,

B(D} — pT(ad =)K+K~) = (0979 +£0.4) x 10~*

1s 10 times smaller than the observation.
e We have predicted
B(D} — aw) ~ B(Df — n7n%) <34 x 1074

to be tested by future measurements.
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