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Introduction

@ D weak decays into three light mesons
= crucial to explore the strong and weak interaction effects Jr
Ellis, M.K. Gaillard, D.V. Nanopoulos, Nucl. Phys. B 100, 313 (1975); M. Matsuda, M. Nakagawa, K. Odaka,
S. Ogawa, M. Shin-Mura, Prog. Theor. Phys. 59, 1396 (1978); M. Nakagawa, Prog. Theor. Phys. 60, 1595
(1978)
= provide information the meson-meson interaction e aiala et al.
[E791 Collaboration], Phys. Rev. Lett. 86, 765 (2001); J.M. Link et al. [FOCUS], Phys. Lett. B 585, 200
(2004); E. Klempt, M. Matveev, A.V. Sarantsev, Eur. Phys. J. C 55, 39 (2008); J.A. Oller, Phys. Rev. D 71
054030 (2005);F. Niecknig, B. Kubis, Phys. Lett. B 780, 471 (2018); B. Aubert et al. [BaBar], Phys. Rev.
Lett. 99, 251801 (2007)

@ The nature of the low-lying light scalar resonances are still
problematic

@ Their nature is still discussed, either as qg, hybrids,
tetraquarks and meson-meson molecules.
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Introduction

@ Both ay(980) and f,(980) have a mass around the KK
threshold, and couple to KK
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(a) KK amplitude in / = 1; couples to ag(980), (b) KK amplitude in / = 0; couples to f(980)
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Introduction

@ CLEO Collaboration measured the branching ratio of
D+ — 7T+7TO’I7 (M. Artuso et al. [CLEO Collaboration], Phys. Rev. D 77, 092003(2008))

@ BESIII Collaboration : amplitude analysis of the decay
D — w+x% and the W-annihilation dominant decays
D — ap(980)* 70, D — ag(980)°7™ (. aviikim erar PRL 123, 112001 (2019))

@ BESIII Collaboration measured the absolute branching fractions
of the Dt — 7tnn and DY) — 7+ 7~y reactions . Avikim et
PRD 101, 052009 (2020))

® The Df — 779 decay and the nature of a0(980) (. wolina. Ju. xie,
WH. Liang, LS. Geng, E. Oset Phys. Lett. B803(2020)135279) ( R. Molina, Monday,P.S. A1, 17:45)

@ Role of scalar a0(980) in the single Cabibbo Suppressed
process Dt — w701 (v, buan, ov. Wang, GY. Wang, E. Wang, DM. Li, Eur. Phys.J. C 80,

1041 (2020))
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Formalism

@ Weak decay
@ Hadronization
@ The final state interactions
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Weak Decay

@ External emission: (a) Cabibbo suppressed Wus vertex, (b) Cabibbo suppressed Wed vertex.
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@ Hadronization = a gq pair SU(3) singlet Gu + dd + 8s
@ The hadronization of the us pair as:

us — Z ugiqgis = Z MiiMiz = (M?)13, (1)
i i

M is the q@ matrix = in terms of physical mesons

us + +
ath T K
M- P= ™ I+ % KO 2
— K0
K K -Z
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Hadronization: external emission
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Hadronization: external emission

@ (a)and (c) [(b)and (d)] = the same topology and the same
Cabibbo suppressing factor

1

Hy = 7t K°K? — i777r+7r0 + 2 nt + —=71°KTK?, ()

V6 RV
Ho = KTK~ 7t + KOKO7t — %WOROKJF (7)
+rtr Tt + 17r071'07rJr + 177777T+ — iﬂ'omrJr
2 3 NG '
H, = —LWOROK+ + 17]7]7r* — i7r07]7r+.
V2 3 V6

@ K KT+ KK =1=0and % = I=1= (K K" + K°)r*
cannot give rise to 70y *

o T + # = | = 0 and hence cannot give 7%

@ Conctibute to nnpn* production but nn is far away from the narrow
(980) resonance
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Hadronization: internal emission

0.0
(©): (M2)227r+:<7r_7r++7r2ﬂ- +%7%w°n+K°R0) =t (10)
dy: (MP WY (Rt kRO o 1
(d): (M)12 _7+% 7<%7]7r + ) _\/§+\/§ .
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Hadronization: internal emission

@ (a)and (c) [(b)and (d)] the same topology and the same Cabibbo
suppressing factor

> 2
H; = K- Ktrt +2K°Kon+ + gr]r]Tr+ +r rtrt (12)

1 0.0 _+ 2 0, +
‘=TT — —=mnm’,
2 V6
H; = —%WOT]WJF + K°KO7+ + §7)7)7r+,
! 2 0_+ 1 0 p+ 0
HZ_—%UTFTF _ﬁﬂ- K K (13)
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Final state interaction to produce 7%
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Final state interaction to produce =7y

Ha: 0
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Formalism: the amplitudes:

we give weights to the different terms;

Dt —»ntalp

D+ st nn

Hy — A8, Ho— A H, —B, H— By. (14)

s !/ i
(hﬂ+ﬂ0nA6 Ry 0, AN L o B+ h7r+7ronB'y)

1+ Cron Mo (7)) Lyt M (57 0) + Gy (M (7Om)) 0,0, (Min(7%m)) )

wVn,wVn
0 0
(P k0R0AB + M. 070B) Crck WMiny (7°m) b0z 0, (Mini ("))
h h +
(Mo r0AB + B os oA+ B o,s g0BY) Guck Wha (1)) by go v, (M (7 m))15)

I /
et AB + Pt A hﬂ*nnB)

2
7

(14 G M (7 0(0)) ) oty (M (7 (1))

Grey (M (7T 0(3) Lty oty (M (7 1(3))))

(16)
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The scattering matrices and the differential width

@ The Bethe-Salpeter equation

T=[1-VvGa~'v

@ The chiral unitary approach with the coupled channels, KTK—,
KOKO, 71'077

@ The differential width:

2T _ 1 Ma(12)Mn(23) o -
M, (12)dMine (23) ~ (27)3 83,
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M. Artuso et al. [CLEO Collaboration], Phys. Rev. D 77, 092003 (2008)

B(D* — 7 7%) = (1.38 £ 0.35) x 1073, (18)

M. Ablikim et al. [BESIIICollaboration], Phys. Rev.D101, 052009 (2020)

B(D" — wtnn) = (2.96+0.24 +£0.10) x 1073, (19)
B(Dt - 7nt7%) = (2.234+0.15+0.10) x 1075, (20)

@ A B,B,v: A=1or —1 and find a set of three parameters g3, B,
~ that provide a ratio of

R=B(D" — ntmm)/B(D" — n77%) =1.33+0.16,  (21)
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® A=1;, Be[0.1,06]; Be[-1,30; ~e[0.31.5
@ A=1,5=1,B=1v=1
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@ Differential cross sections for Dt — 7 7% (solid lines) and
Dt — 7 nn (dashed lines)
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Results
@ Differential cross sections for Dt — 7 7% (solid lines) and

Dt — 7 nn (dashed lines)
0.00025 ; ; ; e Eﬁ; —
e
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Results for Dt — 7 7% with and wit

ut the cut My, (7 7°)

Ay,

@ to remove the p™r contribution (Fig. (b) ) = a cut
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@ Mass distributions with and without 5 term.
@ A=-1,B=-0.68. vy = —1.5 for which R = 1.35
@ A=-1,3=148 B=06, v=150, R=135
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Summary and Conclusion

We have studied the Dt — 7ntnn and Dt — 7+ 7% reactions
Both reactions are single Cabibbo suppressed

Both the internal and external emission mechanisms are
possible

In all cases the a,(980) signal was visible in the =7 invariant
mass distributions

More neat in the Dt — 7« nn reaction
There are still uncertainties in the theory

When the actual mass distributions are measured

= provide information on the reaction mechanism

= more assertive conclusions on the role played by the a;(980)
resonance in these reactions
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