Charmed A baryon decays into light scalar mesons
in the topological SU(3); framework
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Introduction
Light scalar meson (.5)
e S with a mass below 1 GeV

fo/ f0(980), oo/ fo(500), ag/ag(980), xo/K3(700)

e Regarded as AN \K*
./ \\ ,'/ ‘\'.
— A, T ~.
a normal p-wave meson (qq), or F & \
(l“ (l“" ,:' ()4 O (l)
: 2 -2 \ A 7
an exotic tetraquark [compact ¢°g° bound state or \ / \ /
\ / \ /
\" ,"/ \'\ '/"‘,'
molecular M; M, bound state.) \/ N

(From Ying Li)



Introduction (motivation)

The total branching fraction [Belle, PRD103, 052005 (2021)|
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A possible AT — Aag,ag — nmt process.



Introduction (Motivation)

e Using factorization and pole model,

W.. and W, contributions are estimated:
B(AF — Aaf) = 1.9 x 107,

Sharma, Verma [J. Phys. G 36, 075005 (2009)

e By accounting for LD rescattering effects,

we obtain Bth(A;" g Aa(—;) — (17t%g = 0.3) o i

Y. Yu, Hsiao [PLB820, 136586 (2021)]

o B, ~ 1072 warrants a experimental examination.

e The first discovery is always important.
Only an old and less accurate
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'ACCMOR, Z. Phys. C 48, 29 (1990)]
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e Studies of AT — BS with LD effects:

1. “The a¢(980) and A(1670) in the AT — 7 nA decay,”

J.J. Xie and L.S. Geng [EPJC76, 496 (2016)].

2. “The scalar fy(500) and fy(980) resonances and vector mesons
in the single Cabibbo-suppressed decays A" — pK* K~ and pr™7—,”
Z. Wang, Y.Y. Wang, E. Wang, D.M. Li and J.J. Xie [EPJC80, 842 (2020)].
3. “Roles of a¢(980), A(1670), and ¥(1385) in the AT — nAn™ decay,”
G.Y. Wang, N.C. Wei, H.M. Yang, E. Wang, L.S. Geng and J.J. Xie
'PRD106, 056001 (2022)]

4. “The ag(980) in the single Cabibbo-suppressed process A — 7'np,”
X.C. Feng, L.L. Wei, M.Y. Duan, E. Wang and D.M. Li

[PLB846, 138185 (2023)]



e To our surprise, BESI

IT reported Be (AT — Aad) = (1.23 +0.21) x 1072,

far above the theoretical expectation [PRL134, 021901 (2025)].

e To interpret this discr

epancy, the SD W, and W, processes

may play a dominant role in A7 — B.S,

similar to those in AT — BM, but could have been underestimated.

e If this is the case, it is natural to expect B(A7 — BS) ~ B(AT — BM).

e Currently existing data show that

B (AT — pfo) = (3.5 £2.3) x 1073 [ACCMOR, ZPC(1990)],

LA s

)

+0.21) x 102 [BESIII, PRL(2025)

B..(AF — pk®) = (1.9 £ 0.6) x 10~3 [LHCb, PRD(2023)]

are comparable to B(A

C

— pn') = (4.940.9) x 1074,

B(Aj = A7T+) — (1.31 =
B (AT — pK?2) = (1.61

m 0.05) X 10_2, and

0.07) x 10~2, respectively.



Formalism

e The relation Be (A — BS) ~ B (A7 — BM) across the measured decay channels
supports the dominance of the Wgy and Wgx processes.

e This observation suggests that the SU(3)s-based topological-diagram approach (TDA),
successfully applied to AT — BM, can be consistently extended to A7 — BS.

e Topological diagrams for B, — BS
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e The effective Hamiltonian in the SU(3) representation:

L Hepr = G—\/%qu"/c’Z[Cl(TLQ')(CYC) + c2(Usq, ) (Gacs))-

2 H.=H.y/(Gr/v2) = HY.

3. The charm quark weak transitions ¢ — sdu, ssu, ddu, and dsu
correspond to the non-zero components of H"

H' =V Vg, H' =V*V,s, Hy' = ViV, and H3' = V5V,,, respectively.
e B. and B in the SU(3) s expression:

Be = _Aj . i 2. \/EA \/§Z

=+
—
Rd

C



e Light scalar mesons (S) in the SU(3), expression:
In the two-quark (¢q) and four-quark (¢%¢*) structures

fo = cos 07|ss) + sin 01\\/1/2(1“1 +dd)), fo = cos HII\M(UTL + dd)s3) + sin 0;7|uudd) ,
o9 = —sin 67|sS) + cos HI\M(U'H + dd)) 09 = — Sin 0”\\/1/—2(1“2 + dd)s3) + cos O;;|uudd) ,
A \M(uﬂ —dd)) ,ay = |du), PR L \M(uﬂ — dd)s5) ,a; = |duss),
R T T e P e kT = |uddd) , K’ = |dsun), K° = |sduti), k= = |studd) .

%(ag + cprog + sér fo) ag KT
Sqq = Qo _T;(ag — cprog — $¢1fo) K )

K~ K’ —8¢100 + cP1 fo

75 (ag + cdrrfo — sér100) ag KT

Sq2q2 = 2 _Té(ag — ¢orrfo + sPr100) ke

K™ k. sOrrfo + corroo



e TDA amplitudes
Mrpa(B, = BS) = TB.YH;'B,.S; + CB. H* By S; + C'B. " H "By S

+ EgB H; " ByapS, + EgB H;'Bjpa S,
+ EsB°H" By, Sy + EsB/ H "B,y Sk + E'B°H By, S: .

The identity B;;; = eileﬁc has been employed.
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TABLE 1. TDA amplitudes of A7 — Bfy, Bog in the fy — 09 mixing scheme.
Decay mode Mg M 272
AT = St fo| 2=(C' — Ep + E')spr + Eg”cor - (C' — Bg + E')cgrr + Eg” s
AL = Stoo| L(C' — B + E')ogr — E ) sé; —2=(C' - Eg + E')s¢r1 + E® corr
AT = pfo —%(2(1 —C' — Ey+ Eg — E')s¢1 + 2Ccoq]sc —%(20 — C' —Ey+ Eg — E')cprr + 2Csérr)se
AT — pog —%(2(1 —C' — Ely+ Eg — E')cpr — 2Cspr]sc [%(20 — C' — Ey+ Eg — E')s¢r1 +2Cchrr]sc
0r = (156.7 £ 0.7)°, Orr = (174.6133)°.

e Reduction of the number of parameters

1. The combination of (E’ — Eg) appears in the amplitudes,

allowing us to set Eg = 0.

2. Using the

equivalence relation Mrpa (B, — BS) = Mra(B. — BS),

we idnetify Ey = Eg = a4.

3. For the Factorizable W, terms, T' ~ C' < fg ~ 0.

4. Eg¢ exclusi

vely contributes to Z) — BS

and therefore is excluded in the this analysis.

5. The set of

independent parameters is reduced to |C'|, |E’|e’®, | Egle®®s.

TABLE II. TDA amplitudes of AT — Bag, Bk.

Decay mode

Mgg =M 252

AT — Aoa(_)"
AT — ang'
AT > >tad
A} — B0kt
AF — piO

AT — A0kt
AT = X0kt
AT = Btk0
AT - na(‘)l'
AT — pa8
AY — pk0

Ag‘ — nkT

~2(4T+C' — Ep - E)
@ By E)

—%(C’ + Eg — E')

E'(s)

2C — E/,

- (T + ' - ES) + E/9)s,
%(C” + E{)s,

(—ESY +C")se

(—2T — C' + E')s.

%(26‘ —C'—Eg — E,+ E')sc
(C!' —2C)s?

—(C' + 2T)s?




e For a global fit with five parameters,

the currently available three data points are not sufficient.

e Seeking additional inputs for a global fit

1. The following relation can be useful:

Br(B.—»BMM) ~By(B, - BMM) +Bg-(B. - M(B* -)BM)
+By(B. - B(V =) MM)+Bs(B, — B(S )M M).

2. Under the narrow-width approximation (NWA):

a) By =B(B, - BV,V - MM) ~BB.— BV) xB(V - MM),

b) Bg- = B(B, - B*M,B* — BM) ~ B(B. - B*M) x B(B* - BM),

c¢) Using By from the PDG, together with B(B. — BV), B(B., — B*M),
and By (B, - BM M) calculated within the SU(3); framework, we obtain
Box(res)(fo, 00) = B(AF = X [(fo + 00) =|n*7n™) = (11.0 £ 6.0) x 10~*,
Bexires) (fo, @) = B(AF — TH[(fo + ao) =] KT K~) = (10.8 £ 4.6) x 1074,
o S g e o e e I (e E e ) i B Vi

( (A = 2%kt =)K%7t) = (3.94+£1.9) x 1075,
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e Relating B(AT — B(S —-)M M) with B(A] — BS)

1. The resonant amplitude can be written as

M(AF - B(S =)MM) = M(S - MM)Dg' M(Af — BS),

where Dg' denotes the resonance propagator.

2. For fo — (7w, KK) and ay — (nm, KK), multiple coupled channels are involved.

In addition, the broad decay widths I',, ~ m,, and I'x ~ m,

invalidate both the conventional Breit—~Wigner form 1/[(p* — m?) + imI.

3. We therefore adopt the Flatte parameterization for fy and ag,

and energy-dependent-width Breit-Wigner form for oy and .

4. Accordingly, we obtain By, res)(fo, 00) = 0uBin (Al = X7 fo) + @B (A7 — L 0y),
Bin(res) (fo, @0) = @3B (AT = X7 fo) + @B (Al — X ag),

Boo e —aB iy 2ay Bigo)lk) —aBih -k

where the coefficients o; encode the resonant eftects of S — M M.

Specifically, (@1, @) correspond to (fy,00) = wtn~, (a3, a4) to (fo,a)) > KTK~,

as to aj — wtn, ag to kT — K7™,

Numerically, we obtain (o, as) = (0.17 =

- 0.09, 0.33 -

- 0.03),

(a3, aq) = (0.02 %+ 0.01,0.04 £ 0.01), (e5, ) = (0.59 = 0.06,0.26 & 0.03).



e The parameters are determined from a y? fit defined as

X2 = Zz( ‘gh _ ng)z
O ex

=

Oa,

(cr, ) = (0.17 £ 0.09, 0.33 + 0.03)

(a3, cq) = (0.02 +0.01,0.04 + 0.01),

(as, ) = (0.59 & 0.06,0.26 & 0.03) .

e We thus obtain
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Branching fraction | This work: (S1, S2) Data,
102B(Ad — A%} )| (1.1£0.4,1.110.6) 1.23 4 0.21 [36]
102B8(Af — 2%g)| (1.34+£0.8,1.2+1.0) Bex(res) (ag )
102B(Af —» =%ad)| (1.34+0.8,1.2+1.0) Bex(res) (f0, a0)
102B(A — 2% 1)| (1.4+0.8,1.5+0.8) Beox(res) (k1)

102B(Af — p&O)
102B(AY — =1 fo)
102B(AF — St oy)

(0.21 £ 0.06, 0.21 + 0.06)

(0.5 4+0.4,4.9 + 1.9)
(3.4+1.7,0.1 £0.2)

0.19 + 0.06 [31, 44]

Bex(res) (.an a'O)a Bex(res) (.an 00)

Bex(res) (f07 00)

103B(AS — A% )
103B(AF — X0k T)
103B(AF — Btk9)
103B(A; — nag')
103B(AS — pad)
103B(AF — pfo)
103B(AT — poo)

(1.2 £0.6,2.5 + 1.0)
(0.6 £0.5,1.4 +0.8)
(2.5 +1.2,4.7 + 2.0)
(3.2+1.5,3.1+1.9)
(0.7 £+ 0.6,0.7 £ 0.7)
(0.2 £0.1,3.6 + 1.4)

(2.0 & 0.9,0.05 £ 0.02)

3.4 + 2.3 [31, 32]

104B(A} — pk9)
104B(AF — nk™)

(1.24+0.7,2.6 £ 1.2)
(1.2 +0.7,2.6 + 1.2)

ex(res) f07 UO)
)

ex(res) an ao

ex(res) K,+) =

(
(

Bexres) (ag) = B(AT — ¥%(af —
(

(fo+00) =]mtm™) =
(fo+a) =+|KTK™) =

= B(AJ —» X7
=B(A - X7

e i Lo
B(Af — 2%kt —)K 7t

(7.1 = 0.7) X 10_3,
— (3.9 5 1.9) <0

e (Goodness of the fit

(51 592 1 di - (2606

with n.d.f.=2 in both cases.

Tetraquark scenario is slightly favored.

e The SD contributions dominate the branching fractions,
with non-factorizable W, ox terms playing a key role.

e Similar to AT — BM, the CA and SCS modes of A7 — BS
have branching fractions at the levels of 1072 and 1072,
respectively, making them accessible to experiments.

e In most decay channels: B,; >~ B 2z2, implying

limited sensitivity to the internal ¢g versus ¢?g? structures.

(11.0 £6.0) x 1073,
(10.8 £4.6) x 107*,



e The fy — 0y mixing in S1 and S2 exhibits notable sensitivity.
[0 = (156.7 £ 0.7)°, 0;r = (174.6333)°).

1. CA decay channels:

Beth 33 Jh o= A 04 80 F 0o i
Bagtht us ) B2 g = (1 1 G0 e 0 e il
Myg(AF = E* fo, Btag) ~ Epcor, -=(C' + E')cgr
Mpez(AF — XF fo, ¥t ag) ~ %(C’ + E"corr, Egcdyr.

(BB is relatively small.)
2. SCS decay channels:
By(AT — pfo, poo) = (0.
Beg (AL — pfo, poo) = (
Mq(AS — pfo, poo) =
Mgzg2 (AT — pfo, pog) =~

DO

+0.1,2.0 £ 0.9) x 1073,
6+1.4,0.05+0.02) x 1073,

=(C' + E')s¢r1, 5(C' + E')cgr
75(C' + E')egrr, 5(C'+ E')sérr.

3| S|"‘ o



Summary

e Using SU(3)s-based TDA, we demonstrate that

the SD W, ex Processes provide the dominant contributions to A7 — BS.
e The branching fractions of the CA and SCS decay modes

are predicted at the levels of 1072 and 1072, respectively,

making them accessible for experimental investigation.

e In the tetraquark scenario, we obtain

B(AF — X7 fy) = (49+1.9) x 1072,

LI A e B R

which are highly sensitive to the internal structure of light scalar mesons.
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