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Research Motivation
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1. Long distance contributions at charm scale K; g
D+
-z > — A A
A. Calculations of CPV w
K9 © > n

a = (232+61)x 107 afp =(1.7£57)x107*

sy

PRL 131, 091802 (2023) PRL 122, 211803 (2019)

H.Y. Cheng and C. W. Chiang, Phys.Rev.D109,n0.7,073008(2024)
H.n. Li,C. D. Lu and F. S. Yu, Phys.Rev.D86,036012(2012)

B. Charm meson mixing
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[HFLAV], Phys. Rev. D 107, 052008 (2023)

Large cancellation from GIM

Theory from short distance ~ 107°

0.5

(@ |}

0.3

0.2 -

0=

0.4

aa deep inelastic scattering
oe e'e” annihilation
¢ hadron collisions
mo heavy quarkonia

\
\
\
\
\
\
\
\
\
\
N
.
=
i
~

gw%‘ﬁ[ﬁm

QCD ¢s(M,) = 0.118 + 0.003
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Research Motivation

2. Experimental progress BGSHI % S T[: F

LHCb: B(B) — pp) < 107 X.N.Jin, C.W.Liu and C.Q.Geng, Phys.Rev.D 105 (2022) 5, 053005
B(B? — pp) < 5.1 x 1077 R. Aaij et al. [LHCb], Phys. Rev. D 108, no.1, 012007(2023)
Annihilation-diagram — suppression from m, 4 ¢
BO p . Gr % — —
S CA__Vuquszg(CZ +Cl/3)2mu(pp|uy5u|0)
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Hidden strangeness in meson weak decays to baryon pair

Both channels are expected to be proportional to m,, 4. ..

Chiral suppression does not hold in D;r ?

Data Theory
v/ B(B? ->pp) <51x107° - 10-10
B(D} — pn) (1.22 £0.11) x 1073 (0.4731) x 1070
CEIL‘}? pdg Phys. Lett. B 663, 326 (2008)
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Hidden strangeness in meson weak decays to baryon pair

+ —
DS —> pn C.H.Chen, H.Y.Cheng and Y.K.Hsiao, Phys. Lett. B 663, 326-329 (2008)

The only two-body baryonic decays in D mesons !
Tiny released energy, mp. —m, —m,, = m, /2

Short-distance QCD contributions are suppressed by light
quark mass

At this energy scale, the degree of freedom is hadrons instead
of gluons and quarks.
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Hidden strangeness in meson weak decays to baryon pair

y >
P+// p P - p
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g e = AB ——p - A B
N '
PO ~ n PO > » n

FIG. 2. The LD triangular diagrams for D — pn. The blob stands for the insertion of H. s

with the underlying SD transition at quark level. The considered intermediate hadrons are
(P, Pt) = (EU}K”L) or (n,7%), and B € (A, X%, p,n).
4
d*q —(q@ —p)'y, +m
4 2 2 2 2 2 2
(2m)" (@* —mDI(q —p1)* —mzll(q —p1—p2)* —m3]
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Hidden strangeness in meson weak decays to baryon pair

> weak d*q —(q —p)"y, +m
poprg DsPP 2m)* (q* —mD)[(q —p1)* —m35][(q —p1 —p2)* — mj]

Weak SD transitions;
PDG branching fractions

1 1

(wai% \évle;+) _ G050, = JK+ps0 = ﬁg}{-l—g—t-n = _EQFOZﬂD = 3.215 £ 0.163,
DIK K™
) 1
(0.180 £ 0.02, — 0.132 + 0.003) Gy GeV3 gm0y, = —Gr+pa = 9.228 £ 0.209 T§QW+pn — 12.897 + 0.047 .
\

B(D} — pn) = (1.3040.36)12) x 1073 CLEO
Phys. Rev. Lett. 100, 181802 (2008).

This work B(Df — pn) = (1.21+0.10 £ 0.05) x 10~3  BeslII
Phys. Rev. D 99, 031101 (2019).

B(D} — pn) = (1.434+0.10) x 1073,

Hangzhou Institute for Advanced Study, UCAS



Hidden strangeness in meson weak decays to baryon pair

CP symmetry leads to a selection rule in partial waves:

B(BYy > ATA) = 2Bp(BY > AYA.), B(BY, —» AFA.) = 2Bs(BY - AFA,).

Die” > YC+
B 4
o [ A Y
i _
D, ~ > Y.

The LD triangular diagram for BY — Y'Y with Y = A, X.

pQCD: Rui, Zhou and Zou, Zhi-Tian and Li, Ying, arXiv:2409.16113 [hep-ph]
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Hidden strangeness in meson weak decays to baryon pair

d*q —(q —p )ty +my
App =TV (gpry+r)?S y
BRDTD DYV om)* (g2 — mD)[(q —p1)? — m3l[(q — p1—pa)? — mi]

' < (gp+ A;rn)4 The coupling 1s poorly known
Iptarn = 10.7f2j§ A. Khodjamirian, C. Klein, T. Mannel and Y. M. Wang, JHEP 09, 106 (2011).
B(BY = AJA,) > 4.7x107>  this work

B(BY - AfA,) < 8x 1075 R. Aaij et al. [LHCD], Phys. Rev. Lett. 112, 202001 (2014)

= Mmpgo — 2mg_ = 0.34GeV

—1.4%  5.3% in the exact SU(3)!
[(BY - AYA.) - LA o the exact SUE) mgo — 2my = 0.76GeV

Hangzhou Institute for Advanced Study, UCAS



Hidden strangeness in meson weak decays to baryon pair

* At high energy, the picture of hadron scattering may not be valid.

L (A):f d4q —(q—pl)#yu+m2 A2
‘ (2m)4(q2—m3)[(q —p,)2—m3][(q —p,—Dp,)2—mi|A2—(q —Dp,)?

1

* A cut-off has been included to study the
_-—___-_-_-___-—__—_‘———-——
high energy dependence. L
- - = |E(By, )
*  The cut-off dependence of the integrals are i i
. . 0.25]
tiny! It shows that our numerical results are e
stable and provide an univocal prediction. 05 3 i 5
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Hidden strangeness in meson weak decays to baryon pair

TABLE I. Collections of the branching fractions compared to the data [22]. The prediction
of Bp(Df — pn) is taken from Ref. [7]. Here, Bg p stand for the branching S and P wave

parts of the branching fractions, respectively.

Channel Bg Bp Biot Bigt

D — pm (1.4340.10) x 1072 (0.4753) x 1075 (1.43+£0.10) x 1073 (1.2240.11) x 1073

BY 5 ATA, > 4.2 x 1079 (3.94+1.5) x 1076 > 4.7% 1078 <8x107°
B} > X%, <107° (3441.6) x 1076  (3.942.1) x 10~° _
B 5 EfE, >7x107° (1.3+£0.5) x 1077 >7x107° —
B0 — =itE <3x10°® (84+3)x 1078  (1.0+0.4) x 1077 =

We are working on CPV 1n these decays. To be appeared on arXiv soon.
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