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. . . . Vud Vus Vub
e rotation between the weak interaction eigenstates — v Vv v
. VCKM = cd cs ch
and the mass eigenstates N
DAFIHEE th VtS th

K, BA-FIRA/FCNC

e VWi = VIV = in the Standard Model
o VW £ VIV £ I3 New Physics
o |Vip|/|Vep| contributes to CPV measurement in B decays

e CKM matrix elements are mainly determined via the

. tr oscillations
charged current processes, i.e,
b— ul"o,b—cl v,c— slTv u t
e Flavor changing neutral current precesses are L t
sensitive to new physical contributions, i.e, d< b
b—s st b— dIf I~ 7

loop processes
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Measurements

- 68% region

= 95% region
Full it

=1 68% region
95% region

e |V| tension

e | V| tension

[PDG 2024, 25 update]
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|Vep| = (41.1 4 1.2) x 1073: 2.50 tension between (42.2 £+ 0.5) x 10~% and
(39.8 £ 0.6) x 1072 determined via the B — X/~ and B — D(*) |~ processes, respectively

|Vis| = (3.82 £0.20) x 1073: 2.50 tension between (4.13 & 0.25) x 10~% and
(3.67 £0.15) x 10~ determined via the B — X,/~7 and B — m/~ i processes, respectively
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BB )" exceed the SM predictions by o o0 >
2.50 and 2.30  [HFCPV 2025 sk )

e make the CKM determinations more complicated if confirmed oaf

T
68% CL contours

£
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e Anomalies in FCNC processes B — K*uu" 1™ : 3.60 derivation from SM of dB(B — K*ptp~)/dg? in
G* € [1,6] GeV2, 1.90 derivation from SM of pf = S5/+/Fi(1 — F) in ¢° € [4, 8] GeV?

mm CSR  Lattice -e- Data 15
20 LHCb
— B—K uu 14 ~+ Data 9 fb!
= LHCb ' ] SM from DHMV
3 15 ’ 057 7 SM from AS7B
'\;
"“9 10 4 + N a0
o -0.59
g
3 4+ o]
0 T T T T 15
0 5 10 15 20 0
q*[GeV¥c?] 7 [GeV e

[Heavy Flavour Physics and CP Violation at LHCb: a Ten-Year Review, Front. Phys.18.44601(2023)], see Xing-bo's talk for the updates
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[BESIII 2023,24, Fermi Lattice and MILC 23]

. et

L4 E*’&ﬁﬁﬁ‘]ﬂﬂ%*ﬂﬁﬁl‘l‘% see Zhao-feng and Bai-gian’s talks

|Ves| = 0.975 £ 0.006: 0.972 £ 0.007 and 0.984 & 0.012 measured via
the D — Klv and Ds — ptv, processes
~ 1.50 [PDG 2024, 25 update] <— 30 in [PDG 2021]

04
0

° Eéﬁﬁ%éﬁﬁ@%ﬂﬁ*ﬁﬁiﬁ see Jun-hao's talk - /_,v"
B B
| V| result from Belle collaboration with Simultaneous \y(4s;/ i\—";/xu
. . . . Hadronic Tag Signal Side
Determination in excl. and incl. processes [Belle PRL131, 211801 (2023)]
(3.78 £0.23 £ 0.16 + 0.14) x 10~3 and R )
(3.88 4 0.20 £ 0.31 + 0.09) x 103 & R + B ST + BE — X et

= BB - X L)

dBR/dg>

o IR, FER QCD N
high order QCD corrections, more structures
[AK, TM, YMW, JHEP 02 (2013) 010, AK, TM, AAP, YMW, JHEP 09 (2010) 089]

q*=mj, 1GeV?)
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b T~ e |V,,| from pure leptonic decay (4.11 £ 0.39) x 10~3:
B W |Vib|fg = 0.72 & 0.09 MeV from Belle, 1.01 £ 0.14 MeV from BABAR,
- . 0.77 £0.12 MeV average [FLAG, PRD 107. 052008 (2023)]
u V‘r
¢ — e | V.| from baryon decay see Xiao-kang's talk
| RS 2 0 —
[ A, > puv (LHC) | Vbl B(Ay — pu~ o) .
- Rpp = 0.68 + 0.07
6 [0 Combined |Vcb‘2 B(Ag N A?—M_D) FF J}

| Vs IVep| -~ X -3
V" 0.079 £ 0.006 —%5 |V, = (3.97 + 0.26) x 10
cb

consistent with the determinations in exclusive B — w/v decay
[LHCb, Nature Physics 11. 743-747 (2015)]

o [Vip|/|Veb|nigh = 0.098 £ 0.008 via B(Bs — K~ utv)/B(Bs — D7 ptv) [LHCb, PRL 126. 081804 (2021)]
o |V = (42.34£1.7) x 1073 from Bs — Dsputv [LHCb, PRD 101.072004 (2020)]

o |V,p| =3.58(9) x 1073 from Bs — Klv [PRD104. 114041 (2021)]

o dB3(B— K*utp=)/dg? and pl in AY — Apt = [LHCb, JHEP 06 (2015) 115]
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| apologize for not covering many of the latest developments, such as the baryonic
decays and the outstanding performance of lattice QCD.



‘Vcb| from B — Xy

e my > Aqcp = pp= mpv+ k, expand in k~ iD |}
heavy quark expansion (HQE)

e Optical Theorem = operator product expansion (OPE)

[picture from Matteo Fael (CERN)]

dr;
v dr; = ZCW B0 |B)
i non-perturbative matrix elements string of (lD)k

perturbative Wilson coefficients 4

2 2 2 2
parameters uo, uc and pp, prs

e the inclusive semi-decay decay rate (SM)

mC7#“ # PE)Pst)

— 2 9 m5
T'(B— X~ 7)) = | V| GF]_

2 3 3 A4
_ AP LO,x Mx LO,G 1 NLO,D PD NLO,LS PLs QCD
f= P74 PO + PSS ¢ ARIOD TS + AT v O )
b b b b B
e extract | V.| provided we know the parameters 2, g and ph, pis
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‘ Vcb| from B — Xy

e the inclusive decay spectrum depends on 3 kinematical variables
T
dE dg?dm%

o o my dRmy,me, 12 12 p ples )
= Ve GE— 2 2
167 dE,dg*dmy,

e define the spectral moment to confront the experimental data
a3

R ;
M = / dEidq® dm [E) D [¢2] 9 [m3] ¥ JEdan
X

o extract HQE parameters 2, iz and pp, pis by global fitting of the normalized moments

My . . ;
Mije = Molé)ko in (Ej, q2,m§() with | V| dropps out

e ie., g° moments are measured at several low cuts

2 2
5 q 5 [ o7n dT R [YNC)
Ma(a2ge) = [ 7% dd” |7 —, (%) = et
2 2 2
a2 dq Mo (2,¢)

e define central moments to reduce correlations
Quad,) = (a%),  @ady) = (2 —(@)*),  @sladu) = (¢ — (@)

e measurements only available at Belle (2021) and Belle 1l (2022)
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|Vcb| from B — Xy

2 2 . . .
dEZ de dq ]_" . take_klﬂe_matlcal scheme to av_0|d renormalc_m
5 5 SENEW 3 ambiguities and badly converging perturbative
QU Melnikov 2008] OV (0% (e% . _ (4) _
1 ?Pak, Comei 2008]8 [Fael, Herren 2024 | [t “vhm;\;zlz]_ Series (Mk =1 GeV, as (mb) - 0'2185)
2 Qg i Qg Qg Qg oS _ k)n
l/mb [Alberti, Exwerth, Gambino, Nandi 2012, 2013] Mp [1 +0.029a5 +0.027,, }
\ o 2\ kin 3\ kin
1/mg b}eed m}elovementl Pt R Qs (‘u’f) ’ (pD) ’
[Gremm apustin 1997 T )
= OS = me(2GeV) [1 +0.184, + 0.14a2]
1/my :
b =
1/(mgm?) |C

e fit to (E;, g°, m%) moments [2501.00090, 2310.20324]

state-of-the-art calculation [picture from Gael Finauri (TUM)]

m m(2GeV) il 4 ph  pls  BRu | 10V
4.572 1.090 0.430 0.282 0.161 —0.091 10.61 41.83 1.1% precision
0.012 0.010 0.040 0.048 0.018 0.089 0.15 0.47

[screenshot from Gael Finauri, "Challenges in Semileptonic B decays” 2024, Vienna]

o | (42.2+£0.5) x 107° | and (39.8 £ 0.6) x 1073 from B — X/~ 7 and B— D[ i
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‘ Vcb| from B — Xy

summary of inclusive |V,,| determination

Incl. E;, mx Moments Py
Phys.Lett.B 822 (2021) 136679

Incl. g2 Moments

—_—
JHEP 10 (2022) 068
Incl. £, mx and Incl. g* [ —
Our Average

19

[Fael, Prim and Keri Vos, Eur. Phys. J. Spec. Top. (2024) 233:325-346]

39 40 41 42 43
Vel % 10°

e open source Python package (kolya) for inclusive |V.,| determination [Fael, Milutin and Keri Vos, 2409.15007]

e recent advances in inclusive charm decay [see Qin Qin's talk at "HFCPV 2025", PKU]
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|Vip| from B — whv

o BREMASHFRIITZMATLURMEMIIAIIE the same b -  wransiion

e B — V transitions updated via B-meson LCSRs [Gao, et.al., PRD 101.074035(2020)]

B—pl B—wl
Vol x 103 Z2205 5 05+ 1 34(1)‘th +0.19 rwly

+1.0 +0.18
1.3 To20ldas 2.5417

9
05|th 70.19|da

e simultaneous measurements of dB/dq2 for B— 7 ITvyand B— p°ITu)  [Bellell, PRD 111.112000(2025)]

pilnu HFLAV . B'ntty g
inclusive HFLAY - Bepty 2 Vil Bosmew, = (3.93 %0.09 +0.13 +0.19) x 103
rholnu [2104.05739v2) BY o -ty Lacb[HFLAV 2023] 5
total LQCD + |Vas| B rtwe = (3.73 £0.07 + 0.07 £ 0.16) x 10~3
total LQCD + LCSR —_— Laco+LcsR [P. Bharucha, et.al., JHEP 08(2016)098]
electron LQCD
Semi———— | B Vit Bsptve = (3.19 % 0.12 + 0.17 + 0.26) x 10~
muon LQCD S ——— LGSR
muon LQCD + LCSR Bt > /JD/ +y e
total LCSR -
electron LCSR —c———— . Leading systematic unc. are the modelling of
I -1 == continuum and non-resonant B — X, £v decays
) . . ) ) A - Overall theoretical uncertainty dominating

2.0 2.5 3.0 3.5 4.0 4.5

Cao Lu’s talk at Moriond EW 2024 [ V| x 103

13/
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|Vip| from B — whv

o BREMASHFRIITZMATLURMEMIIAIIE the same b -  wransiion

e B — V transitions updated via B-meson LCSRs [Gao, et.al., PRD 101.074035(2020)]

B— pl B—wl
IVusl x 107 —25 305713814, 10730 R

+1.0 +0.18
1.3 To20ldas 2.5417

9
05|th 70.19|da

e simultaneous measurements of dB/dq2 for B— 7 ITvyand B— p°ITu)  [Bellell, PRD 111.112000(2025)]

pilnu HFLAV - Bantty g

inclusive HELAV - Bieplttn 2 Vbl 5-srev, = (3.93+0.00 4013 +0.19) x 10~

rholnu (2104.05739v2] B° o -ty Lacb[HFLAV 2023] )

total LacD + Vao|Bsmtve = (3.3 0.07 £ 0.07 £ 0.16) x 10-3

total LQCD + LCSR —_— Laco+LcsR [P. Bharucha, et.al., JHEP 08(2016)098]

electron LQCD

Semi———— T Vit Bsptve = (3.19 % 0.12 + 0.17 + 0.26) x 10~

muon LQCD S ——— LGSR

muon LQCD + LCSR Bt > /JD/ =

total LCSR -

aloctron LCSR jome - Leading systematic unc. are the modelling of

muon LCSR B continuum and non-resonant B — X, £v decays ‘

) ) ; ) ‘ | - Overall theoretical uncertainty dominating \l/

2.0 25 3.0 35 4.0 4'53 o different partial waves (P, D, S)

Cao Lu’s talk at Moriond EW 2024 |Vub| x 10 e different resonants in P-wave

e non-resonant QCD background

14 /28



|Vip| from B — whv

po width

e the 7 spectra in [0.554,0.996]GeV serves as the
candidate region for p

e p is usually treated as a stable single particle in the
QCD studies of B — p transitions (LQCD, LCSRs)

e the signal channel in a B — plv-type decay is B — wrlv (Bu)

e How to accurately describe the width effects of unstable intermediate particles, the contributions
and interference effects of different partial waves, and the QCD backgrounds from
non-resonant states

e Dipion LCDAs (2wrDAs) provide a most general description of 77 spectral

e opportunities for |Vep| from B — D*lv, Xlz and B — K*ITI~ anomalies

B(B* — X'rty) ~10.79%

>
< >

5 ful dy of D7, Dz and D |
Dn[vl/‘ D*%¢*y, D**0¢ty, Othe Gap careful study of D7, D7 an Tt spectra

2.31% 5.05% 2.38% ~1.05% ---°éi‘:;e'f!“e"

15/28



2mDAs
e Chiral-even LC expansion with gauge factor [x, 0]
(72 (k1) (k) |G 20) 77 (0)[0) = Ko Ky / e 70m) B3 (11, 1, ¢, K2)

(o1 = 6% (0 0)) + ]

HOSIN

_ . T i(2u—1)px
Ola) 775810~ (0)) = fm, [ due P

D,

e 27DAs is decomposed in terms of C',?""“(‘Zu — 1) and C}/Q(QC -1

o nt+1
=, ¢, K ) =6u(l—w) > STOBINR, W P (2u - )6 P 2¢ - 1)
n=0,even I=1,0dd
ad ! : 3/ 1/2
e 0w ¢ R =6ul—u) Y S B, w P 2u - )2 - 1)

n=1,0dd I=0,even

o Evolution from 4m? to large k* via the Watson theorem of 77 scattering amplitudes

B,k =8 ,0)E NS inB!,(0) + e %)
= XP — ——1n —_— _
nt nt = mlodkem n Jam2  N(s— k2 — i0)

27DAs in a wide range of energies is given by 62 and a few subtraction constants

16 /28



2mwDAs

e The subtraction constants of B,¢(k®) at low k* (around the threshold)

I I g gl L L) g gl
(nl) [ 8l,(0) l 4 In B, (0) [ B4 (0) o 2 In B (0)
(01) 1 0 1.46 — 1.80 1 0 0.68 — 0.60

-0. — -0. . . — -0. -0.
21) | 0113 0218  -0.340 0.481 0113 — 0185  -0.538 0.153
. — - . . — .

23) | 0.147 — -0.038 0 0.368 0.113 — 0.185 0 0.153
(1) 0.556 - 0413 - - -
(12) 0.556 : 0.413 - : -

A firstly studied in the effective low-energy theory based on instanton vacuum  [Polyakov 1999]

A\ updated with the kinematical constraints and the new a3, a5  [SC 2019, 2023]

e 27DAs were introduced at leading twist  [Polyakov 1999, Diehl 1998]

(7 ) (k) [z v T )10 = ap ki [ a4 030 (u, ¢, 1)

e improved to twist-three level recently [sc, PRD 112. L111301(2025)]

ko 62 (k- X
O e e
_ v _ 77" itk-x kMI(V 7/(”7(# B o kuxy — kuxp ()
(k) (ke) A(0)™ a()10) = — o [ [HT ey B (0],

17/28



B — 7w form factors

e QCD dynamics of By decays is incorporated in B — 7 form factors, -the B—p-ffsfeHowed
by—p——Frinthe-cascadedecay [X-W. Kang, et.al, PRD 89. 053015 (2014), S. Faller, et.,al, PRD 89. 014015 (2014)]

I-<7T+(k]_)ﬂ'_(k2)|fl’y,,(1 - '75)b|BO(p)> = FJ_(q27 k27 C) iEVaB'y qa kﬂ K

2
Vi2/Xg

qu 2+/q* k-q
+Ft(q2,k2,C)ﬁ+Fo(q2,k2,C) oy (ky_?qu)
q

A Ch k)(q - k) K+ 4K*(q- k) qy)

1
2
+FH(q 7k27§)\/?< )\B )\B

* )\ = )\(mQB, k2, g?) is the Kallén function,

g k=(m%—q>—k»)/2, q-k=VABr(K?)cosOr/2=vVX(2¢(—1), Br(K*)=+/1—4m2 /K>
° with the intermediate resonance
- [R.M. Wang, Y.G. Xu, J.H. Sheng, X.D. Cheng, et.al., 2301.00090, PRD 112, 033002 (2025)]

e QCDF (QCD factorization) in the large two-pion mass
+ [P. Béer, T. Feldmann and D. van Dyk, JHEP02, 133(2017)] T o Fg_yr ® ¢éx,

18 /28



B — 7w form factors

e LQCD (Lattice QCD) in the p resonance region with a simple BW model

[L. Leskovec, et.al, PRL 134.161901 (2025), Editors’ Suggestion]

e HChPT (Heavy-meson Chiral Perturbative Theory) in the large g by taking dispersive methods
in terms of Omnés functions
[X.-W. Kang, B. Kubis, C. Hanhart, and U.-G. MeiBner, PRD 89. 053015 (2014)]
in the full phase-space by a novel parameterization with unitarity
[F. Herren, B. Kubis and R. van Tonder, PRD 112, 014037 (2025), Editors’ Suggestion]

e LCSRs (Light-cone sum rules) in the small and intermediate g°
[SC, A. Khodjamirian and J. Virto, JHEP 05(2017)157] B-meson LCSRs ,  [S. Descotes-Genon, A. Khodjamirian, J. Virto and K.K.
Vos, JHEP 12(2019)083, 06(2023)034] B — K
[C. Hambrock and A. Khodjamirian, NPB 905. 379-390(2016)] 27DAs LCSRS of F)| |
[SC, A. Khodjamirian and J. Virto, PRD(R) 96. 051901(2017)] timelike-helicity FF F; and Fg
[SC, PRD 99. 053005(2019)] 2mDAs updates and B — [n7]g p FFs
[SC and J.M Shen, EPJC 6:554(2020), SC and S.L Zhang, EPJC 84:379(2024)] Pheno
[SC, PRD 112. L111301(2025)] twist-three 2wDAs and |V/,;| extraction
[SC, L.Y. Dai, J.M. Shen and S.L. Zhang, arXiv:2509.15659] Ds — [7r7r]s ev, minor gg contribution

19/28



B — 7w form factors

P, F-wave components ﬂfl’s(qQ, K2)

DG 1P NI

1.0
s (GeV)

N 5
¢ (GeV?)

[SC, PRD 112. L111301(2025)]

G AR
NP @A)

1.0

V5 (GeV)
2, 2, 5 5

7(GeV?) ¢*(GeV?)

P, F-wave componentslﬁzl’:s(qz, k%)

NG N
r NP A

P, F-wave components Fl”: L3 g2, k)

IFEYGE A IF= P 51—

1.0
s (GeV)

5
7(GeV?)

s (GeV)

P, F-wave componen‘tos ngl’s(qz, k2)

20/28



B — 7w form factors

S, D-wave components FiZO’Q(qZ, k)

VAR @5

5
F(GeV?)

e twist-three contributions vanish in Fi’zul’s"" ), while persist in F§)10=0,1,--- ), give a significant correction

~ 40% to leading twist result

— @ I

1.0
Vs (Gev)

S, D-wave components Fi):0’2(q2, K?)

R L Rl
IR N5l |

1.0
s (GeV)

5
F(GeV?)

e p resonance is dominate in Fﬁf:”l)to(qQ, k2), F-wave contributions are negligible

e S-wave dominates in the small k? regions, D-wave is sizable in the large k? and small g2 regions

21/28



|Vip| from B — whv

e 2D partial differential decay width

&’r

dq? dk? 3 (4m)® md

e 2D measurement of AB’ (107°) in different bins

[Belle, PRD 103.112001(2021)]

= RV BrVAq® I:(lF(()S)‘2+‘F§)P)I2)+B72r (lFf|P)\2+\F(f)|2)+"']

£ wf c Bins /s 7 AB AB' [20]
é 3
E i + 2 + 1L [4m},06] [0,8] 027+0.03+0.06 0.84793+0.18
oo %
o + K 2 (06,09] [0,4] 1.91+021+0.38 239+0%3 4032
e ; : s + + ‘[» 3 0.6,09] (4, 8] 1.54+0.17+027 2.16150:47 +£0.23
Ea E o Jr + :
iYL +T o b s H’ + + + @ ©9,12] [0,4 0.65+007+0.12 0707032 +0.20
iy iy 5 —— 5 0.9,12] (4, 8] 041+0.04+0.08 0.647028 +0.11
I B L e -
M. [Gev] o [ev) 6 (12, 1.5] [0,4] 057+0.05+0.10 091593 £0.12
take the PDG value: | V| x 10% = 3.82 4 0.20 = 7 (2151 & 8] 0160024002 0647535 +008

a good consistent in p, fy regions

[V X 103 = 4.27 £ 0.49|pata = 0.55|LcsRs, 3-96 & 0.47|pata = 0.52|LcSRs

in p, fo regions

of By decays

22/28



The controversy of £,(980) structure

e From the quantum theory, it is a superposition of all possible Fock states
1©0(980)), | [77lg) = ¥qal9a) + Vazelaqe) + Vaaaal 999G) + - --

e Hadron spectroscopy provides clear evidence for the complex config

e The underlying partonic dynamics can be extracted directly from Semileptonic B, D decays in
terms of scale-dependent LCDAs

e color transparency mechanism in By — fo/Tv; decays

* high Fock states’ contribution is doubly suppressed by
as and O(1/Q?), FSlis weak

e the mechanism fails in D, — /Ty, decays (the produced qg is nonrelativistic)

e while the energy-dependent partonic configurations is a QCD result, the cascade decay analyses
of Ds(— fy) — Tmer under qq ansatz agrees with data [SC, Zhang, EPJC 84. 379(2024), Hu, et.al., PRD 112.
056023(2025)]

23/28



The controversy of £,(980) structure

e cascade decay analyses of Ds(— fy) — Tmer under qg ansatz agrees with data

*

dr(Df — [nmlg Tv) 1 G|Ves|?

2

222 (mp s, %) g1 Br (5)

dsdq?

|f-

3m3
w 1927 mp,

(g9)1

Imd — s+ i(g18x(s)) + g28k(s)) |2

Ds — fy FFs have revealed the scale dependence, the seemingly agreement arises from the Flatté

parameterization with unsound use of f5 LCDAs under the single-meson assumption,

4+

a model-independent study of the signal channel Ds — [n7]q e" v

PT(DF = [nnlg tr)  GFlVesl® Brr(9)\/Asa”

dsdq?

calculate directly the Ds — [n7]g FFs

3(47r)5m?bs

a fine-tuned delicate interplay ?

o0
STIEO P, 9
£=0

Twist-2 and twist-3 contributions to D; — 7, fy FFs at ¢°> =0

under the gg approximation

Form Factors

Twist-2

Twist-3

Total

V@R "(0) = V@R (0)

0.2075:52 — 30.24

+0.02
—0.02

—04170705 +i0.51705%

021705 +i0.27750 )

VEFT(0) = /@ F'7P(0)

0.2779:93 1 §0.21

tru
+0.
—0.01

ctive

—0.55756% — 041758

~0.2873%2 — 020732 )

J+(0) = fo(0)

020755

constry

ictive

0.41750

0.617502
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2rDAs  [n7]g

15

[0 Vs Ro[00(u.Vs )
(@S] Re[0,u V)] \ QR Al
5 \ ‘v
- . / ‘ s 2
15 1
o

10 =4 10
10 -2 10 00 Vicey 0 V5 (Gev)
Vs (Gev) 0.0 V5 (Gev) 05 bs 05 05
os 05 05 0s v v

15

[Ld, et.al., PRD 75. 056001(2007)]
[Han, et.al., EPJA (2013) 49: 78]

0 01 020304 0506070809 1 00 010203 040506070808 1
u u

asymmetric twist-3 2rDAs VS symmetric twist-3 f; LCDAs

the asymmetry encoded by PWE that the single-meson picture fails to capture
vanished asymptotic terms in twist-2 [77]g /fo LCDAs |

twist-3 (non-asymptotic twist-2) components dominates in charm (beauty) decays
energy-dependent picture from the color transparency mechanism
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5C, Dai, Shen and Zhang, 2509.15659]

8.0 0.2 0.4 0.6 0.8 1.0

Ds — [nwlgetve | Ds = [fo— nm]etre [23] | Data [25)]
0.8110 5% 18.873% 172416

o Differential widths dl'/dqg? is two-order in magnitude smaller than the data

qq Fock state is not the dominate component of [n7]g /fy in charm decays, consists with the assessment
of color transparency mechanism

e go further to multi-particle DiPion LCDAs in CHARM (qqg, q949q) = |Vsl;

different in B — fy/B — p
decays, (nonasymptotic) leading twist dominates
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o H/4 ﬁ*imﬁﬁﬁEEi&)\%ﬂ%gﬁq{ﬁ Y > wry and vy —

Thank you for your patience.



More opportunities/phenomena of 2rDAs

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, u) around the resonance
pion EMFF widely used in the three-body B decays pole can be safely neglected due to the large suppression

O(s/m3) in contrast to the energetic dimeson system in B
studied from pQCD and QCDF is the asymptotic decay, so the relation B, (s. 4) = a, ()Tl (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.

term of 2rDAs  [Chai, SC and Ma, PRD 105. 033003 (2022)]
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Non-resonant contributions are small (< 10%) in three-body D decays, large/dominate in the penguin dominated three-body B decays, the

theoretically unresolved problem
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