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Overview

I FERRIFRIZCNE) R

Il —EERFER
i |Vyp| from B— iy,
ii: Energy dependent structure of £,(980)/ [r7]q

l: SEFEREE
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BHEE KN THEE BHATER

. . . . Vua Vus Vb
e rotation between the weak interaction eigenstates v Vv v
: Vekm = cd cs cb
and the mass eigenstates N
DA FIEAE th VtS th

K, B+ FIRA&/FCNC

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

e CKM matrix elements are mainly determined via the oscillations

charged current processes, i.e, ’x

b— ul"7,b— cl 5,c— sltv u 1{
e Flavor changing neutral current precesses are

sensitive to new physical contributions, i.e, d=/ \b

b— s, b—dI~

loop processes
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RRICNEIRR: | Vop|, | Vi| %EME
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[Vesl(102] cb

o |V tension  |Vep| = (41.141.2) x 1073: 2.50 tension between (42.2 £+ 0.5) x 10~% and
(39.8 £0.6) x 10~? determined via the B — X/~ and B — D(*) |~ processes, respectively

o | V.| tension  |Vip| = (3.82 £ 0.20) x 107%: 2.50 tension between (4.13 4 0.25) x 10~% and
(3.67 £0.15) x 1073 determined via the B — X,/~# and B — w/~ i processes, respectively
[PDG 2024, 25 update]
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O REMR

=~ I T
B HELAY 68%CL contours
T Belle" BaBar

B(B—=D™) r— )
o LFU Rpn) = W. exceed the SM

predictions by 2.50 and 2.30 [HFCPV 2025]

e make the CKM determinations more complicated if
confirmed

e Anomalies in FCNC processes B — K* "1™ : 3.60 derivation from SM of dB(B — K*utp™)/dg? in
q* € [1,6] GeV2, 1.9 derivation from SM of pl = S5/+/F.(1 — F;) in g2 € [4,8] GeV?2

mm LCSR Lattice -e- Data L5

20 LHCb
_ Bk u'u 13 —+ Data 9 fo
> [] SM from DHMV
8 15 LHCb 05 ,¥ 77 SM from ASZB
i 0] T L]
2 104 + o0 T +
- -05
S 5]
] 4+ R - +
0 . : . - -5 T T T
0 5 10 15 20 0 5 10 15
¢*[GeVe'] 7*1GeVIe')

[Heavy Flavour Physics and CP Violation at LHCb: a Ten-Year Review, Front. Phys.18.44601(2023)]

5/24



BRIRFER  fmasdiesssl

[BESIII 2023,24, Fermi Lattice and MILC 23]

T T

o ERHINENBRITE

|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]

o BLEERENMEBSE _ o
B B _
| V| result from Belle collaboration with Simultaneous \ms;/ ) iA"‘:‘;('xu
Determination in excl. and incl. processes [Belle PRL131, 211801 (2023)] Fiadronic 1eg Signal Side
(3.78 £0.23 £ 0.16 - 0.14) x 10~2 and A
— e—‘ 4—e-
(3.88 £ 0.20 £ 0.31 £ 0.09) x 103 S + SESEED + BB — Xty .

= BB - X,fv)

aBR/dg?

o FEHLEH. FEHI QCD A

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

g =, (GeV]
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FRIRAER SRR

b T e |V, from pure leptonic decay (4.11 + 0.39) x 107:
B~ W |Viub|fe = 0.72 £ 0.09 MeV from Belle, 1.01 £ 0.14 MeV from BABAR,
. 3 0.77 £0.12 MeV average [FLAG, PRD 107. 052008 (2023)]
T
’ B e o |vub‘ from baryon decay see Xiao-kang's talk
7 [ B
[ A, > puv (LHCb) |Vub|2 B(Ag — pu D) .
‘ombine = Rpr = 0.68 4+ 0.07
‘ B Wol2 ~ B = Adu—p) Y
Wubl _ 079 + 0.006 2£Ly |v,,| = (3.97 + 0.26) x 10~
m—- . — | V| = (3. -26) X

consistent with the determinations in exclusive B — 7l decay
[LHCb, Nature Physics 11. 743-747 (2015)]

o |Vib|/|Veb||nigh = 0.098 £ 0.008 via B(Bs — K~ pTv)/B(Bs — Dy ptv) [LHCh, PRL 126. 081804 (2021)]
o V| = (42.3 4 1.7) x 1073 from Bs — DspT v [LHCb, PRD 101.072004 (2020)]
o |V, =3.58(9) x 1073 from Bs — Klv [PRD104. 114041 (2021)]

e dB(B— K*putp=)/dg? and pl in AY — Apt ™ [LHCb, JHEP 06 (2015) 115]
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B — mrly 1 |V

[SC, PRD 112 (2025) L111301]

&

Energy dependent structure of £,(980)/ [rr]q

[SC, L.Y. Dai, J.M. Shen and S.L. Zhang, PRD 113 (2026) L031901]
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|Vip| from B — nhv

° = ﬁ/%ﬁklu\*i%ﬁlj *EE‘m__“’X%E{ 5&:[?‘]5}”\”% the same b — u transition

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

3 B—plv +1 B—wlv 1.09
[Vup| X 107 ——— 3.057 1" 3o‘th _() 20‘dav — 2. 54+1 ()5|th _o 19|da

e simultaneous measurements of dli'/dq2 for B— 7 ITvyand B — p°Tu;  [Bellell, PRD 111.112000(2025)]

pilnu HFLAV - B'en ity 2
inclusive HFLAY - B'ptty 3 VislBosrev, = (3.93 £0.09£0.13 £0.19) x 10~°
rholnu (2104.05739v2) & Lacp[HFLAV 2023

B> n ¢ty [ ! i
total LQCD e + |Vab| Bosrtw, = (3.73 £ 0.07 £ 0.07 £ 0.16) x 10
total LQCD + LCSR ——— Lacp+LcsR [P. Bharucha, et.al., JHEP 08(2016)098]
electron LQCD ———————
Sem———— - Vbl Bosptv = (3.19 £ 0.12 £ 0,17 £ 0.26) x 1073
muon LQCD S———e—— LGSR
muon LQCD + LCSR Bt —>pD/ +y ——
total LCSR -
electron LCSR — « Leading systematic unc. are the modelling of
T~ SRR N continuum and non-resonant B — X, £v decays

« Overall the tical uncertainty dc
2.0 25 3.0 35 4.0 45
Cao Lu’s talk at Moriond EW 2024 |Vub| x 103
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|Vip| from B — nhv

° = ﬁ/%ﬁklu\*i%ﬁlj *EE‘m__“’X%E{ JETLE,QSJH\UE the same b — u transition

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

3 B—plv +1
[Vup| X 107 ——— 3.057 1" 3o‘th —0. 20‘dav

B wlv
—

0

1.09
2541102 10w 1015 lda

e simultaneous measurements of d3/dq” for B— n~ [Ty and B — p°Ity

pilnu HFLAV
inclusive HFLAV
rholnu [2104.05739v2]

- BOnity
- B'-p%y

muen LQCD + LCSR
total LCSR

electron LCSR

B > ¢ty
total LQCD B
total LQCD + LCSR ——
electron LQCD L e
electron LQCD + LCSR —_—
muon LQCD 0T —

Py
>

muon LCSR ——————
2.0 25 3.0 3.5 4.0 4.5
Cao Lu’s talk at Moriond EW 2024 |Vub| x 103

[Belle-1l, PRD 111.112009(2025)]

ViblB—smev, = (3.93 £ 0.09 +0.13 +0.19) x 10~*
Lacp[HFLAV 2023]

+ |Vis| Bty = (3.73 £ 0.07 £ 0.07 £ 0.16) x 10~*

Lacp+LcsR [P. Bharucha, et.al., JHEP 08(2016)098]

Vasl Bosptre = (3.19£0.12 £ 0.17 £ 0.26) x 1072

LCSR

+ Leading systematic unc. are the modelling of
continuum and non-resonant B — X, £v decays

* Overall the ti

| uncertainty dominatis J/

e different partial waves (P, D, S)
o different resonants in P-wave
e non-resonant QCD background
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|Vip| from B — nhv

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)

po mass . pO width

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 (27DAs) provide a most general description of 77 spectral

e opportunities for V| from B — D*lv, X.I7 and B — K*ITI~ anomalies

A

BB — X'0My) ~10.79%

>
>

D¢y,

2.31%

D*’¢y,

5.05%

D**ry,

2.38%

Othe

Gap
~ 1.05%

careful study of D, D and D spectral

...oris it even
bigger?

11/24



2mwDAs

e Chiral-even LC expansion with gauge factor [x, 0]
(m? (k1) (k2)[Gdzn)7u7qr (0)[0) = Kab K / dc 70 30 (11,1, ¢, k)

1 ) \) .
(Ola(7uv5d(—x) 1o (p)) = fpmp/ duél(2u=Dpx [m X (py ) — DL () }
0 p-x

e 27DAs is decomposed in terms of C,f“)(ZU — 1) and CE/Q(QC -1

oo n+1 B
o=l R =6ul—u) S S BN, WG 2w 1)/ (2 - 1)

n=0,even /=1,odd

oo n+1
=0 R =6ul - S S B, W P eu - 1)/ (2 - 1)

n=1,0dd I=0,even

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

N—1 ,2m m 2N 1
K oo 5h(s)

/ 2 / / 14
B, (k) =8B E > — InB + — e
ne (K7 ne (0) Bxp = ml dk2m ™ Bne (0) w Jam2 ss"’(sszfio)

27DAs in a wide range of energies is given by 62 and a few subtraction constants
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2mwDAs

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

L (nl L, (nl
o) | Bl om0 | B0 " & Bk (0)
(o1) 1 0 1.46 — 1.80 1 0 0.68 — 0.60
(1) | 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
(10) 0.556 . 0413 B B B
(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 ag, ag [SC 2019, 2023]

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

(k) a7 (0)10) = iy e [ a7 0 (0, 2)

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

ke K2 (K x
(m(k)m(ka)[a(0)a(x)|0) = / due’“k"#éﬁ”,
2m

kHT(l, — k,,f(u L= 2 kpxy — kuxp <I>(t)]
2¢—1 k- x I

(e (k) (k2)]G(0) ™ q(x)]0) = -,T' / e ™
27
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B — 7w form factors

e QCD dynamics of By, decays is incorporated in B — 7 form factors, -the- B——pffs—followed

by—p——mr-inthe-caseade-deeay [X-W. Kang, et.al, PRD 89. 053015 (2014), S. Faller, et.,al, PRD 89. 014015 (2014)]

i(mt (ki)™ (ka)|Ty (1 = 5)b|B°(p)) = F1(q% K*,¢) ievapy 4 KK

2
V2V s
a 2V/q* k-q
Ve e v )
1 4(q-K)(q- k) 4K*(q - k)
\/? <ku - A5 kv + A5 ql/>

+Fe(q?, K2,¢) + Fo(q?, K2,¢)

+F(q*, K, Q)

* A= )\(sz, k%, q?) is the K3llén function,

g k=(m%—q?>—k»)/2, q-k=VABr(k?)cosOr/2=VX(2(—1), Br(k?)=+/1—4m2 /K2

° 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 ® ¢x,
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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 ¢° 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 — Krr

[C. Hambrock and A. Khodjamirian, NPB 905. 379-390(2016)] 27wDAs LCSRS of F)| |

[SC, A. Khodjamirian and J. Virto, PRD(R) 96. 051901(2017)] timelike-helicity FF F; and F

[SC, PRD 99. 053005(2019)] 27DAs 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 (2025) L111301] first study of twist-three 27rDAs and | V| extraction this talk

[SC, Dai, Shen and Zhang, PRD 113 (2026) L031901] Ds — [xn]g ev tiny contribution from qg this talk
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B — 7w form factors

P, F-wave components FTLs (%, k)

DA IF(g2, )l

1.0
5 (Gev)

5
F(GeV?)

[SC, PRD 112. L111301(2025)]

NG N
PG A

SNV A1

1.0

: 1.0
s (GeV)

5 5
2, 23
G(GeV?) £GeV?)

P, F-wave componentslg'lt: ’3(q2, k%)

P, F-wave componenltos ngl’s(qz, k2)

P, F-wave components Fl”: L3 g2, k)

IR, )1

\1‘1':“(4"‘,\/;“’

1.0
V5 (GeV)

[ANC TGl

V5 (GeV)
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B — 7w form factors

S, D-wave components Fi:0’2(q2, k2)

. 2 (1=0) 2
o i) OGS
T,

1.0
s (Gev)

5
4 (GeV?)

S, D-wave components F6:0’2(q2, kz)

2 I=0) 2
N IF G NS
N IR @A)

1.0
s (Gev)

5
4 (GeV?)

e twist-three contributions vanish in F(Jf:Hl’g’m ) while persist in F<10:0'1"“ ), give a significant correction

~ 40% to leading twist result

t.

e p resonance is dominate in F(ll:”lio(qz, k?), F-wave contributions are negligible

e S-wave dominates in the small k? regions, D-wave is sizable in the large k2 and small ¢ regions
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|Vip| from B — nhv

e 2D partial differential decay width

2 Br \/Xq2
5 3
3 (4m)° mg

T

_ 2
Py GE | Vs

LR 2 +17671%) + 82 (1F712 + 1FD12) + -]

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

+ [Belle, PRD 103.%12 01(2021)”[

8

+ NG 9> AB' [Belle 2021]

(0.6,0.9] [0,4] | 2.14+0.23+041 21670757 £0.23

|
+T 1 (0.9,1.2] [0,4] | 0.72+0.08+0.13 0.707552 +0.20

ABF(B' x'x I v) AM,_[<10° GeV']
B 885823388
T
—
—+
ABF(B'- %% I v A ¢ [x 10
o —

T
L4
i

+

¥ 10 is
M., [GeV] ¢*[GeV?]

take the PDG value: | V| X 103 = 3.82 + 0.20 = a good consistent in p, fy regions

] [Vis| x 103 = 3.84 & 0.45|paa & 0.50|Lcsrs, 3.77 £ 0.45|pata =+ 0.49|1csRs

e simultaneous measurements [Belle Il PRD 111.112009 (2025)]

10%| Vip| B oy = 3.73 £ 0.10 + 0.16, 3.19 + 0.22 + 0.26.
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The controversy of £,(980) structure
e From the quantum theory, it is a superposition of all possible Fock states
|f0(980)>: | [ﬂ'ﬂ—]s> = ¢qa|q@> + wqag|q6g> + ‘-"aqqa‘qaq@ 4

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 B — fol"v decays

I

f .Irrlé * high Fock states’ contribution is doubly suppressed by
(B) @ ( M<O as and O(1/Q3), FSlis weak

o the mechanism fails in D; — fy/Tv; decays (the produced qg is nonrelativistic)

e while the energy-dependent partonic configurations is a QCD result, the cascade decay analyses
of Ds(— fo) — TTer under qg ansatz agrees with data [SC, Zhang, EPIC 84. 379(2024), Hu, et.al., PRD 112,

056023(2025)]
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The controversy of £,(980) structure

e cascade decay analyses of Ds(— fo) — TTeV under qq ansatz agrees with data

*

d(DF — [n7]g Tv)

_ 1 GHVel?

2

9 A3/2(md s, 4%) g1B(5)

dsdq?

7 19273 m

3
Ds

fr(a7)]

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 fy LCDAs under the single-meson assumption,
a model-independent study of the signal channel Ds — [r7]g

RT(DF — [rnlg ) GFlVesl® Brn(9)(/20s07

etv

dsdq?

calculate directly the Ds — [n7]g FFs

3(

47r)5m‘z’)s

a fine-tuned delicate interplay ?

o0
STIEO P, 9
£=0

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

under the gg approximation

Form Factors

Twist-2

Twist-3

Total

VR (0) = @ F'=V(0)

0.2073:92 — i0.247

0.02
0.02

—0417075 +0.51700%

0200 0T

VEFTR(0) = @ F'7P(0)

0277503 +140.217

0.3330 tru

0.01

ctive

—0.551 005 — 0417508

~0.2873%% — 0207352 )

F+(0) = fo(0)

0.205343

constry

ictive

041755

0.61557
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2rDAs  [n7]g
Ju[®, V5]

i M A

_5“ Vr@ew

Re[®,(u.5)]

i /

1

0 1.5

10
Vs (Gev)

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

N

w05
4 o
2
15 0
-2
10 —4.
Vs (Gev) 00

(K}

Re[®0(u.s5 )]

0 01 020304 0506070809 1 00 010203 040506070808 1
u u

asymmetric twist-3 2rDAs VS symmetric twist-3 fy LCDAs
the asymmetry encoded by PWE that the single-meson picture fails to capture

e vanished asymptotic terms in twist-2 [r7]g /fo LCDAs |

twist-3 (non-asymptotic twist-2) components dominates in charm (beauty) decays {f
energy-dependent picture from the color transparency mechanism
21/24




D — [rr|g etv decay

020.ISC, Dai, Shen and Zhang, PRD 113 (2026) LO31%81]

« BESII
0.15

— Flatté

Ds — [mmlgetve | Ds — [fo— wm]etv, [23] | Data [25]
0.8115-3% 18.87%3 17.24+ 1.6

Differential widths dI'/dq? is two-order in magnitude smaller than the data

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

e go further to multi-particle DiPion LCDAs in CHARM (qqg, 949q) = |Vsl;

different in B — fu /B — p
decays, (nonasymptotic) leading twist dominates

22/24



BEMEREE

o |Ves|, | Vis| BT Rpcr, b5, 5 EREBMBFBREMAMLOED, EREDERARIRE
RHKEN T R AEERIRAIRIIAR, EATENEERRNRIRRNERLSRREBEMRN
MFFHITERR

o MFRFRRE (Hu) BRBT—THAR AN FRIAIHEDTIRIE

o HEITE By TREHEN |Vis| BNIRERK (10%), EZBEAIMES

Belle-lIl RABERKAERLIAT 3ab 1, LIAERIFIZS 3 % LCSRs Ml LQCD MAPRE FHIBE DT A LUSIZIOIRE B/ —2%

o RRRTHREVNERITEHIRSIRNAEARANAHEY, BEETE Du IRRKE Ve M
EMERREREN—TEERIE 0~ ret
o Hy IEMIARETHANSBERE - rrvand 7y = 7r
Thank you for your patience.
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More opportunities/phenomena of 2rDAs

normalized to unit as T'f;}, (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
pion EMFF widely used in the three-body B decays pole can be safely neglected due to the large suppression
O(s/m?2) in contrast to the energetic dimeson system in B
studied from pQCD and QCDF is the asymptotic decay, 5o the relation B, (s, 1) — a,(#)Tz}y,(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)]

T 40 < 08 T 40F 0.5
T = sno) 07 & o.a
% 3% (a) LHCb & wo he % *F (b) LHCb s
= < 300) = 8
w30 2 04 = 30F
g e TR 0.2 B — Krm, KKK
25| 7 109 g-f w 25F 0.1
< o N N
20 ! o tevien o E 20F T e [ [PRL 111.101801(2013) LHCb]
1] 02 15F o1
0.3 e -0.2
10) 04 10p 03
-0.6 =
5 (07 5 -0.4
o 1 L 1 0.8 1 L L L 1 1 L L 1 1 0.5
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12 14 16 18 20 22
. [GeV'ict] Mo [GEVEIT]

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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