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e fundamental parameters, like the CKM matrix proa e
element |V| = 0.975 £ 0.006 [PDG 2022] e s e somasnasn o

lctso prosacszes, 0 Ko ormoerons

s pro2.12008,0° e

o the result measured via D — Klv and Ds — uvy,
consist with each other (~ 1.5¢ derivation)

s pros.012002,0° e

oo 4 07%

WETTN )

06 07 0

e new physical mechanism via the FCNC

o anomalous measured in B — K*ut 1™, 3.60 derivation of dB/dq? in g% € [1, 6] Gev?2

o a plausible effect in up-type FCNC process ¢ — ull [Bharucha 2011.12856]
SM B(D — 7tIt17) ~ O(107?), current best-world limit O(1078)

o LCSRs prediction B(D — wup) = 1.33tg‘éz x 10~8, at the same order of LHCb limit 6.7 x 108
[A. Bansal, A. Khodjamirian and T. Mannel 2505.21369[hep-ph]],

w+
o first measurement of D° — 7t ete™ _ c ;j,\s{l’é u c u
[LHCb 2412.09414] (4.53 + 1.38) x 10~/ 1 ds b
in p/w and (3.84 4 0.96) X 10~ 7 in ¢ 4 w+ w-
o LD contribution from ¢, _ a d5b _
q q U c

Ds — m, p(¢ —)eTe™ ~ 1075 [BESIN
2404.05973]
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New physics hunter D — 7t p~

e my flalk in the " BB IEBFITS"” at LZU, July 8th, 2024

e Experimentail potentials

Experiment Measurement Sensitivity

ular observables ~ 0.2%

LHCb ﬁ with 50fb~?,
[talk at Towards|the URtimate Precision in Flavour Physics, Durham U.K. (2019) ]l

~0.08% with 300fb™

LHCb Branching ratio ~107% with 50fb~!, ‘

[BABAR Collabdration  1107.4465]
Belle-I1

~ 3 x 107" with 300fb~!
Branching ratio ~ 1078 (rescaling BaBar)

Run 4 ~ 2030
Run 5 ~ 2038

N(DD) ~ 10%/ab=!  angular observables ~ 0.2%

DY 36 36%10°
D*D” 2.8 2.3 x10°

3.770 1 DD 79 % 10° Single Tag
DD 55x% 108 Single Tag

STCF M(DD) ~ 8 x 10° Branching ratio ~ 10~%

e STAQF is still competitive in hunting the NP via D — mut

st

e BESIII Collaboration in the electron channel [BESIII Collaboration 1802.09752]
B(D— ntm~eTe™) < 0.7 x 107° with N(cc) = 2 x 107 at 3.7 GeV
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1(980)), | [7”7]5) = tqglqq) + ¢qc‘lg‘qag> + qaqq/9999) + - - -

* in semileptonic By decays

* tetraquark contribution is suppressed
doubly by strong coupling and power

* FSl is weak too

e how about the energetic qq picture f,(980) in Ds decays ?

T the produced qg is nonrelativistic, likely proceeds through the creation of additional g or dynamical qg
1 hadron spectroscopy analysis provides evidence of the ggqq states (compact tetraquarks or molecules)

T the cascade decay analyses of Ds — (fy — mm)er under g ansatz consists with data, with Ds — fy
FFs and Flatté model of f; resonant

* physical observables are usually written in a QCD convolution

7_2/ dxi 1 (xi, Qv (xi, )

* 1t is universal, however Ht is process dependent, hence different observables
might highlike the contributions from different components

SC-Ds2fo

5/16



ENTFHEFERERTHNTRE

i N FRES HIRIEE T
ii: Ds — [nm]g et ve F £y, [m7]g LEFHNER



LCDAs Ry BRI

xiﬂi%gﬂﬁm LCDAS *ﬁﬁaﬁ‘?’%m [Braun, Korchemsky, Miiller 2003]

A convenient tool to study DAs is provided by conformal expansion

the underlying idea of conformal expansion of LCDAs is similar to
partial-wave expansion of wave function in quantum mechanism

invariance of massless QCD under conformal trans. V'S rotation symmetry

longitudinal ® transversal dofs VS angular @ radial dofs for spherically symmetry

potential

the transversal-momentum dependence (scale dependence of the relevant operators) IS
governed by the RGE

the longitudinal-momentum dependence (orthogonal polynomials) is described in
terms of irreducible representations of the corresponding symmetry group
collinear subgroup of conformal group SL(2, R) = SU(1,1) = SO(2,1)
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27wDAs

e Chiral-even LC expansion with gauge factor [x,0]  [Polyakov 1999, Diehl 1998]
() a7 (0)10) = i [ e 82 (u . 1)
1 Three independent kinematic variables

e 27DAs is decomposed in terms of C,/*(2z — 1) and Ci/2(2< —1)

n+1

"= (z,¢, K2, 1) = 62(1 — 2) Z S BN KR, w22 — 1) 2 2¢ — 1)
n=0,even |=1,odd
o nt1 o
I R I YD S G IO

n=1,0dd /=0,even

e How to describe the evolution from 4m? to large invariant mass k* ?

1 Watson theorem of 7-7 scattering amplitudes

N=1 . 2m m 2NV oo 5h(s)

In Bl (0) + — /

/ 2 !
Bl (k) = B, (0) Ex s L7
e (K) = B (0) Exp im2 ® F— 2 — 1)

l dk2m

/\ 27DAs in a wide range of energies is given by (52 and a few subtraction constants

16



27wDAs

e The subtraction constants of B, (s) at low s (around the threshold)

Il Il (nl) Il 1L L. (nl) d i
(o) | 8, (0) cll-tn B, (0) | BL(0) e 2 In B (0)
(01) 1 0 1.46 — 1.80 1 0 0.68 — 0.60
(21) | -0.113 - 0218  -0.340 0.481 0113 — 0185  -0.538 20153
(23) | 0.147 — 0.038 0 0.368 0.113 — 0.185 0 0.153
{0) 0556 - 0.413 - - -
(12) 0.556 - 0413 - - -

/\ firstly studied in the effective low-energy theory based on instanton vacuum

[Polyakov 1999]

A\ updated with the kinematical constraints and the new ag‘ af_; [SC 2019, 2023]

e All the above discussions are at leading twist

e twist three 2rDAs are studied recently [S. Cheng, arXiv:2502.07333]

pion EMFF widely used in the
three-body B decays studied from
pQCD and QCDF are the asymptotic
formula of 2wDAs

[J. Chai, SC and A.J Ma PRD 105 (2022) 033003]

normalized to unit as Tz}, (0) = 1. When the invariant
mass of dimeson system is small, the higher O(s) terms in
the expansion of coefficient B,,(s, #) around the resonance
pole can be safely neglected due to the large suppression
O(s/m2) in contrast to the energetic dimeson system in B
decay, so the relation B, (s, #) = a,(4)Tjz ), (s) can be
obtained in the lowest partial wave approximation. This
argument induces the basic assumption in PQCD that the
energetic dimeson DAs can be deduced from the DAs of
resonant meson by replacing the decay constant by the
timelike form factor.

9
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2mwDAs

(D, (0. V5]

0 Y,
-2 /
—4 710

Vs

0.5\\\ s

e Leading twist and twist-three 2wrDAs for isospin scalar two-pion system
e asymmetry of the twist-three 2wDAs in the parton momentum fraction u

Re[®,(u.s)]

1.0
Vs (GeV)

0

e symmetric twist-three LCDAs of f; obtained under the narrow-width approximation

o where QCD sum rules dictate that the asymmetric component vanishes

SC-Ds2fo
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Ds — [fo, - =] mmetve SERMFARF R

e Semileptonic Dys) decays provide a clean environment to study scalar mesons
o Ds — fyeT v [CLEO '09], Dy — aget v [BESII '18, 21], DT — fo/oeT v[BESII '19]
o Ds — fo(— w970, KeKs)et v [BESII22], Ds — fo(— n+ ™ )et v[BESII 23]
B(Ds — fo(— 7°7%)eTv) = (7.9 £ 1.4+ 0.3) x 1074
B(Ds — fo(— T n " )etv) = (17.2+ 1.3+ 1.0) x 1072

f’f(o)\vcs\ = 0.504 + 0.017 £ 0.035

e single particle (narrow width limit) Ds — fyetv

ar(p} — fortv) G,%l|vcs\2x3/2<mgs,m?0,q2)l

dq? 19273 m%s

fL(a®)|?, Ds — fy FF
e improvement with the width effect by resonant models Ds — [fy —] mreTv

5 A2 (md 5, 9%) g18(s)
Im2 — s+ i (g1 (s)) + £28k(s)) |2

dr(Df — [rmlg ) 1 GE|Ves|? PREN

- BESIII
dsdq? I 192w3m~’55

e calculate directly the signal channel Ds — [r7]g etv

RT(DF — [nr)g Fv)  GFlVes|? B (K2)y /20,4
dk2 dq? N 3(4m)5m},

oo
STIFSO (6, k)2, Dy = wr B
£=0
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Ds — fo FEWREFH Ds — (fy —) mre’v T

o {M?,55} ={5.0+£0.5,6.0+0.5}GeV?

this work | 3pSRs(07) | LFQM(09) | CLFD/DR(08) | LCSRs(10)
063 £004 | 096 | 087 | 0.86/0.90 | 0.30£0.03

o the BESIII result in the 7+ 7~ system £y (0) = 0.518 4 0.018 =+ 0.036 [BESIII 23]

different input of the decay constant ~f,—O = 335 MeV, much larger than 180 MeV in LCSRs(10)
we add the first gegenbauer expansion terms in the LCDAs, up-to-date parameters

ss-nh mixing scenario of fy with 6 = 20° + 10°

D5 = T Torm factor] 10

— Narrow Approx

— Flatté

« BESII

0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0
@
{SC, S.L Zhang 2307.0230]

o Twist-3 LCDAs give dominate contribution in Ds — f{ transition

dr/dg?

o the uncertainty estimation is conservative
o without NLO correction

o we need a model independent calculation
o not only for the QCD understanding 7

o but also for the future partial-wave measurement Differential decay width of Dj — (fo, [7r7r]S)eJr Ve

12/16



Ds —
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e The LCSRs ¢’-wave Ds — [rn]g form factors (¢ =even & £/ < n+1)

\/qjl__éz’)<q27k2): me(me + ms)V/a% \/Aps i B (K%) Jo(

2
mr 2, 50) By (k) Iy

Mps D n=1,0dd

o Near threshold, B, can be determined from the low-energy effective theory of

pions interacting with massive "constituent” quarks, based on the instanton model of the QCD vacuum

For the resonant regions, Watson's theorem vyields the k?>-dependence via Omnés

solutions with the phase shifts mplemented through subtracted dispersion relations

Vo IFG )

e o6 Vo

/1.0

Vs (Gev)

10

0; Vs (GeV)

0.1 0.1

05
02~ 4 02
4*(GeV?) 03 W (GeV?)

/ 03 78
04 00 0.4

e S and D-wave FFs: \/q2|Fg/:0)(\fs, q%)| and \/q2|Fg/:2)(\fs, q%)|
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27wDAs

e Twist-2 and twist-3 contributions to the Ds — 7 (Ds — fy) form factors at g% = 0

Form Factors

Twist-2

Twist-3

Total

VEF{=0) = V@F = (0)

0.20153:05 — 90.2475:03

—0.41150% 4+ 10.515503

—0.21130% +140.2715:0%

Ve E T 0) = Ve R0

0.2770:03 +10.2170.02

0.01

—0.551003 — i0.4170:0%

—0.281003 — i0.2075:07

F+(0) = fo(0)

0204053

041555

0.61557

e The widths (in unit of 107%) of Ds — [r]g et v obtained from Ds — [rn]

and Ds — fy transitions, under the gg component assumption.

D, — [nn]seTve | Dy — [fo— nn]etve [23] | Data [25]
0.817534 18.875% 17.2+1.6
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Ds — [nmlg TEAREFH Ds — [nrlgetv BE

e The differential decay width on momentum transfers

« BESIII

—— =0
0.15 ]
--e-- 12042

— Flatté

dr/dg?

8.0 0.2 0.4 0.6 0.8 1.0

&
[SC, L.Y Dai, J.M Shen and S.L Zhang, 2509.15659] 7

o Differential widths dI"/dqg? is two-order in magnitude smaller than the data
e the FFs at the two-particle level are one-order lower than the required
e the conventional gq is not the dominate component in the charm decays

e we have to go further to multi-particle DiPion LCDAs in CHARM (qgg, 9qqq)

e much different in B decays leading twist dominated [SC, arXiv: 2502.07333]
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o 27DAs RIT nr FREIEH R —HHEIA
| RBEERRSRMEA— R ARLRSNER, | AUSE. ERHERRNELRS Y ROEH,
T BEFX|IFRIEREMR SPD/GPD

o 2rDAs RENFHAEFERE (Hu) HRIKXEHN

T A V| 588EF0 FCNC REBRIRME T HE0EE, + AEREFAHIRIBHOMRRE T HITRN

o BRE=HEKEMRT 2rDAs, KT 7 Bu TFEIHEL | Vis|

[SC, 2502.07333]

o BRENFREPHWRMIERENF (X) WIS FEBMSHFER

[SC, LY Da| J.M Shen and S.L Zhang 2509.15659]
o £ D— nrltlm FTHRANIEM FCNC TR R EIT A wishlists
I’ ete” JBR v = mny, vy — o IR H—HIBM 27DAs

Thank you for your patience.
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