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e VW = VIV =5 in the Standard Model
o VWI £ VIV £ I3 New Physics
o |Vip|/|Veb| contributes to CPV measurement in B decays

o CKM matrix elements are mainly measured

via the charged current processes, i.e, N
oscillations

b— ulo,b— cl b,c—slTv u"* /
e Flavor changing neutral current precesses 4

are sensitive to new physical contributions, d. ] )]

e, b st b—dtI- 7 o

loop processes
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| V| EEHE (8]

o |V, tension  |V,p| = (3.8240.20) x 1073 [PDG 2024]
1 ~ 2.50 tension between (4.13 £ 0.25) x 107% and (3.70 £ 0.16) x 1073

measured via the B — X/~ and B — w/~ U processes, respectively.

o |V tension |V = (41.14£1.2) x 107%  [pDG 2029)
1 ~ 2.50 tension between (42.2 £ 0.5) x 1072 and (39.8 £ 0.6) x 1073

measured via the B — X/~ 7 and B — D(*) |~ processes, respectively.
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B A FHEREMRERAR

e LFU in b — cl~ 7 processes Rpy = B(B— D™ 7r~5)/B(B— D™ p~ o

1 Rp = 0.407 £ 0.046, Rpx = 0.306 = 0.015 Average with [Belle PRL124, 161803 (2020)]

i 2.10,3.00 derivations from the SM predictions of
Rp = 0.298 + 0.004, Rpx = 0.254 4 0.005 [HFLAV]

i Rp =0.441 4+ 0.089, Rp+ = 0.281 4 0.030 [LHCb PRL131,111802 (2023)]

1 would make the CKM measurements more complicated if confirmed

e Anomalies in FCNC processes B — K*u™t ™

1 3.60 derivation from SM of dB(B — K*utu=)/dg? in ¢ € [1,6] Gev?
i 1.90 derivation from SM of p. = S5//F.(1 — F,) in g2 € [4, 8] GeV?2

mm LCSR Lattice -e- Data 15
0 . LHCb
— B'—K y'u 1— ~+ Data 9 fb!
215 LHCb SM from DHMY
3 05 77 SM from ASZB
qu
T 10 + n &0
= ~0.54
) ++
0 T T T T -5
0 5 10 15 20 0
q*[GeV¥c'] ¢*[G cV Zall

[Heavy Flavour Physics and CP Violation at LHCb: a Ten-Year Review, Front. Phys.18,44601(2023)]
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|Ves| issue  |Ves| = 0.975 £ 0.006 [PDG 2022, 24]

0.972 + 0.007 and 0.984 + 0.012 measured via the D — Klv

and Ds — H+Vu processes ~ 30 — ~ 1.50

it 5XRB S HTRI R T ESE

EEEERFNYIBS A

| V| result from Belle collaboration with
Simultaneous Determination in excl. and incl. processes
[Belle PRL131, 211801 (2023)]

(3.78 4 0.23 £ 0.16 + 0.14) x 10~3 and

(3.88 4 0.20 £ 0.31 + 0.09) x 1073

FEULEHS. FER QCD MM

high order QCD corrections, more structures

[AK, TM, YMW, JHEP 02 (2013) 010]
[AK, TM, AAP, YMW, JHEP 09 (2010) 089]
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| V.| fe in pure leptonic decay

0.72 £ 0.09 MeV from Belle, 1.01 4 0.14 MeV from BABAR,
0.77 £ 0.12 MeV average [FLAG2021]

|Vis| in baryon decay
[LHCb Nature Physics 11, 743-747 (2015)]

Vi !? B(AY — pp~
| ”"|2 _ By pf ) Rpp = 0.68 £ 0.07 |
Vaol2 ~ B(AY —» Afu—2)
v, v, _
llv“b: = 0.083 £ 0.06 Y, v, = (3.72 £ 0.23) x 1073
cb

consistent with determinations in exclusive B — 7/ decay

confirms the existing incompatibility with the inclusive sample

T |Vibl/|Ves| in B(Bs = K~ utv)/B(Bs — Dy uv)  [Lhch PRL126, 081804 (2021)]

i |Ve| in Bs = Dspit o,

dB(B=K* utp)
dq?

and p5in A) — Aptp~
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‘ Vub| in the B — pll/ channel the same b — ulv transition as in the golden channel

simultaneous measurements of the 95 for B — 7 I*v, and B — p° [Ty,
[Belle-Il PRD 111. 112009(2025) [HFLAV 2023] [P Bharucha and et.al., JHEP 1608. 008]

[Vis|z rn = (3.73 £0.10 + 0.16|Lqep Lesrs) X 1072,
[Vis|z o = (3.19 £ 0.22 + 0.26|Lcsrs) X 1072
B — V FFs updated via B-meson LCSRs [Gao, et.al., PRD 101. 074035(2020)]
Vil o = (30571 55 theo 1020 data) x 1077,
|Vislz o = (2.5477 02 [theo 7016 ldata) x 1072

a notably smaller value is obtained in B — p transition

|Vib|e. s = 3.58(9) x 1072 is consistent with the "golden” channel
[PRD104. 114041 (2021)]

the uniformity of | V| determinations across different exclusive channels ?
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p is an unstable resonance that decays into 77 via the strong interaction

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

the w7 spectra in [0.554,0.996]GeV serves as the candidate region for p
[X.-W. Kang, B. Kubis, C. Hanhart, and U.-G. MeiBner, PRD 89. 053015 (2014)]
[S. Faller, T. Feldmann, A. Khodjamirian, T. Mannel and D. van. Dyk PRD 89. 014015 (2014)]

the QCD studies usually treat p as a stable single particle

mismatch between experimental measurements and theoretical
calculations, particularly in accounting for the finite width and
nonresonant backgrounds

how to address the finite width of the p mesons, nonresonant QCD
backgrounds, and the effects of different partial waves in the calculation
of B — mm form factor?

usually small (< 10%) in three-body D decays, while large or even dominate in the penguin dominated

three-body B decays (such as B — Kmm, KKK) [PRL 111.101801(2013) LHCb]

|Ves| in the B— D*lv processes, B anomalies in B — K It~ processes
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B — mm FoIREF

_ o5 < 2 B Ty
i<ﬂ-+(k1)7r_(k2)|'}711(1 - 75)b|BO(p)> = Fl(qzr kza() W iﬁuaﬁw qa k‘d kY
B
2 2 v 2 2 2\/‘772 - u
+Ft(q 7k,C)\/q»2+F0(q 7ka<) \/E (ku q2 u)
22 L (7 _4a k(K 4K*(q - k)
+FH (q 7k ) C) \/k—2 (ku >\B ku + >\B qy)

A= X(m}, k*, q°) is the Kallén function
Tt g k=(mi—q—K)/2and q- k= V2B-(K)cos0/2 = VA(2¢ —1)

T Bra(K) =+/1—4m2/k2, 0, is the angle between the 3-momenta of the
neutral pion and the B-meson in the dipion rest frame

12/26



B — mm FoIREF

e LQCD (Lattice QCD) in the p resonance region with a simple BW model
[L. Leskovec and 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 QCDF (QCD factorization) in the large dipion mass
[P. Béer, T. Feldmann and D. van Dyk, JHEP02, 133(2017)]
Tj o< Fgtor @ &7, Tjj < ¢ ® ¢n ® ¢

o LCSRs (Light-cone sum rules) in the small and intermediate ¢
[S. Cheng, A. Khodjamirian and J. Virto, JHEP 05, 157(2017)] B-meson LCSRs
[C. Hambrock and A. Khodjamirian, NPB 905(2016)379-390] 27DAs LCSRS of £y |
[S. Cheng, A. Khodjamirian and J. Virto, PRD(R) 96 (2017)051901] timelike-helicity FF F; and Fg
[S. Cheng, PRD 99 (2019) 053005] 2mDAs updates and B — [ 7]g p FFs
[S. Cheng and J.M Shen, EPJC(2020)6:554, S. Cheng and S.L Zhang, EPJC (2024)84:379] Pheno
[S. Cheng, arXiv: 2502.07333[hep-ph]] first study of twist-three 2wDAs and |V,;| extraction
[S. Cheng, L.Y. Dai, J.M. Shen and S.L. Zhang, to be appear] Ds — [7r7'r]s ev, minor contribution

from gg component
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e B — 7w form factors from the B-meson LCSRs
Funllq) =i [ dxe® (O[T {ju (0.2 AOYE (g + K)
= uped’ K Fe) (K, @) + iguu Fg) (KR, @) + iguku Fgr (K, %) + - -
e B — 7w form factors from the 2rDAs LCSRs
bk @) = 1 [ a3 () (0 [P0, 0)10)
= cuvpo @ KK FY + quF D+ ky FAW 4 Jyu FAR0
e Advantages of the 2rDAs LCSRs

* the QCD calculation does not rely on any resonant model, however, encounter a inverse problem in
B-meson LCSRs

2TmF, (k q) = / dron (O dypu|mFa ™)y (w T m ™ [y (1 — ~5)b|BO) + - - -

* provides a unifies framework to predict contributions from different partial-waves
* theoretical uncertainties are better controlled, higher-power corrections are suppressed by O (1/my,)

when 2 is not too large
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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
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27wDAs

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

s(nl L., (nl
o) | Bl o sl | B0 " g Bk (0)
(o1) 1 0 1.46 — 1.80 1 0 0.68 — 0.60
(21) -0.113 — 0.218 -0.340 0.481 0.113 — 0.185 -0.538 -0.153
(23) 0.147 — -0.038 0 0.368 0.113 — 0.185 0 0.153
(10) 0.556 B 0413 B B B
(12) 0.556 - 0.413 - - -

/\ 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 All the above discussions are at leading twist

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

2mDAs widely used in the three-body B
decays studied from pQCD and QCDF
are the asymptotic formula

[J. Chai, S. Cheng 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. 16 /26
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;Fl

P, F-wave components Flfl’S(qQ, k2) P, F-wave components Fl L 3(q k2)

1F0g NI~

[S Cheng, 2502.07333]
5
F(GeV?)

N N
|
N IF g Nl

5
F(GeV?)

P, F-wave component? F/tzl’a(q2 NS

1 I IFEDG NI GRCROE

10
Vs (GeV)

1.0
Vs (GeV)

5
F(GeV?)

wa””w Vs

r wa”Wq )l

5
$(GeV?)

P, F-wave componentls(J ng 1.3 (4%, k%)
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B — mm FoIREF

S, D-wave components Fizo’z (4%, k%)

(o —— P Il
IS

10
s (GeV)

5
(GeV?)

e twist-three contribution vanish in F(l:”l’s"

- 1=0,1,--
e persist in Fgo L)
)

e p resonance is dominate in F(Jf:Hl)tO(q2, k2), F-wave contributions are negligible

e S-wave component is dominate in the small k%, D-wave component is

S, D-wave components Fi)zo’z(q2, k)

[
RN - NPV @S

10
s (GeV)

)

, give a significant correction ~ 40% to leading twist result

comparable in the large k% and small g2
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| Vib| extraction from By decay
e 2D partial differential decay width

&1 2, 12 BxVAd® (512 , 1 ((P)2 2 (1P 2, HP)2
W=6F|Vub| m[(“:o [“ 4+ 1Fy |)+5w(|Fﬁ| [“+I1F 7 )+]

e Partial branching fractions AB' (in unit of 107°) in different bins

take the PDG average value of | V| = (3.82 £ 0.20) x 1073

bins NG 9> AB AB’ [Belle 2021]

[4m2,0.6] [0,8] | 0.27£0.03£0.06  0.847030 +0.18
2 (0.6,0.9]  [0,4] | 1.91+0.21 +0.38 2.3970-5% 1+ 0.32
3 (0.6,0.9]  (4,8] | 1.5440.17 +0.27 2.161047 £0.23
4 (0.9,1.2] [0,4] | 0.65+0.07+0.12 0.7079-32 +0.20
5 (0.9,1.2] (4,8 | 0.41£0.04£0.08 0647025 +0.11
6 (1.2,1.5]  [0,4] | 0.57+£0.05+0.10  0.917035 +0.12
7 (1.2,1.5]  (4,8] | 0.16 £0.02 + 0.02 0.6470%% + 0.08

e |V,p| extraction in the regions of p and fy resonances

‘ |Vub|3+4[p0_.],r+ﬂ-—/+,,l = (4.27 £ 0.49|paga + 0.55|LcsRs) X 1072

—tty, = (3.96 £ 0.47|pata + 0.52|LcsRs) X 1073

‘ |V”b|B+~>[f04>]1r+7r
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o |Vip| "NEME"T REMRYIEHRTAI— M0l ERE
o BAFHEFERT (Bu) RET—MHHIBRAR
o M FRELHESIRIE (2rDAs) B Bu AR H

o BRAEZHEKEMRT 2nDAs, KBTI Bu iTIZHHEX | Vis|
o BRTET B— plv FRRMEBRB/NGR

o LFTHYIRRIREMILWIREMILIRK, B EATUFHE—D RN
t Bellell RABEFREFHLAT 3ab~ |, REMEHEDLIRE 3 &

t LCSRs 7 LQCD MAREFHRANMT, ESTUHBISRERN—%

o Bu W |V MEMKMEREREFHREZRE

t B = 7 x0 BT — x0x0ry, iR E G — S B BB 27DAs

o By @TREMMAREEHNSHERK

Thank you for your patience.



Backup slides  D; — [n7]q ev

* in SL Bs decays

* tetraquark contribution is suppressed
doubly by strong coupling and power

* FSl is weak too

[16(980)) = v4qlqq) + Yazelqag) + Yeaqalqaqq) + - -
| [7T7r]s> = ¢q6|qa> + wq&g|qag> + wqﬁq?ﬂqaqa) +
¢% (xi, ki, Ai) = (n, xi, ki, Nilfo)

*

physical observables are usually written in a QCD convolution

— = Z/ dx; H (xi, Q) (xi, 1)

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

*

how about the energetic qq picture f)(980) in Ds decays ?
this talk focus on the contributions from lowest Fock state |qg)

*
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Ds — [fo, -+ —]mmev

o

o

Semileptonic Dys) decays provide a clean environment to study scalar mesons
Ds — foeT v [CLEO '09], D(5) — age™ v [BESINI 18, '21], DY — fy/oeT v[BESIII '19]
Ds — fo(— w970, KeKs)et v [BESII 22], 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 (0)|Ves| = 0.504 + 0.017 + 0.035

single particle (narrow width limit) Ds — fyetv

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

dq? 19273 m%s

fr(a®)|%, Ds — fo FF
improvement with the width effect by resonant model Ds — [fy —] mmetv

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

dr(Df — [rmlg ) 1 GE|Ves|? PREN

- BESIII
dsdq? ™ 192w3mgs

calculate directly the signal channel Ds — [rm]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 — fy form factor and D} — (fy, [r7]g)etve decay

o {M? 55} ={5.040.5,6.040.5}GeV? see Hai-bing Fu's talk for the LCSRs

this work | 3pSRs(07) | LFQM(09) | CLFD/DR(08) | LCSRs(10)
0632004 | 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
. ses
* * +—{— — Narrow Approx
o4 So4
3 T ;
e sse — Flatté
o3 --- SSE  « BESII 02
o « BESII
865z %G8 o8 10 800z o4 05 08 10 9
@ @ 5
[SC, Zhang 2307.02309] 4

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

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
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Ds — [rm]g form factor and Ds — [rr7|g e decay

o The LCSRs ¢’-wave Ds — [r7]g form factors (¢ =even & £/ < n+1)

1% me(me + m)Va2VAps X Bx(K) -
Va2 FS (2 ) = T 2 = @ M s0) B ()l
mDsts n=1,0dd 200 +1 ’

e 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

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

solutions with the phase shifts mplemented through subtracted dispersion relations

Preliminary

Ve IG5

Prelimin
¢ F{2@* V5

715

/10

s Vs (GeV) s Vs (GeV)

0

.- - 0.2
4*(GeV?) 03 -

0.0 4*(GeV?) 03
04 7 [SC, L.Y Dai, J.M Shen and S.L Zhang]

e S- and D-wave FFs: \/q2|F(()I=O)(\fs7 g?)| and \/q2|F(()I=2)(\fs7 2|
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Ds — [rm]g form factor and Ds — [rr7|g e decay

o The differential decay width on momentum transfers

0.20

0.15

0.05

0.00

Preliminary

0.0

0.2

0.4 0.6 0.8 1.0 12 1.4

dr/dg?

Preliminary

« BESIII

— Flatté

8o

0.2 0.4 0.6

' [SC, L.Y Dai, J.M Shen and S.L Zhang] ¢

0.8 1.0

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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