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VW' = VIV = I3 in the Standard Model
VWi £ VIV =£ |3 New Physics
|Viub|/|Vep| contributes to CPV measurement in B decays

CKM matrix elements are mainly measured via the charged current
processes, i.e, b— ul"7,c— slTv

Flavor changing neutral current precesses are sensitive to new physical
contributions, i.e, b — st I~
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e |V,p| tension

e |V| tension

|Vis| = (3.82 4 0.20) x 1073
1 ~ 2.50 tension between (4.13 £ 0.25) x 1072 and (3.70 4 0.16) x 103

measured via the B — X,/ v and B — 7/~ U processes, respectively.

|Vip| = (40.8 +1.4) x 1073
1 ~ 2.50 tension between (42.2 £ 0.8) x 1072 and (39.4 £ 0.8) x 1073

measured via the B — X/~ 7 and B — D(*) |~ processes, respectively.
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e LFU in b — cI” U processes Ry« = B(B=D") 1" )

)T B(B=DM) u— )
i Rp =0.407 £ 0.046, Rp~ = 0.306 & 0.015 Average with [Belle PRL124, 161803 (2020)]

1 2.10,3.00 derivations from the SM predictions of
Rp = 0.298 £+ 0.004, Rp~ = 0.254 £ 0.005 [HFLAV]

1 Rp =0.441 £ 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*pu™ ™~
1 3.60 derivation from SM of dB(B — K*uTu™)/dg* in ¢* € [1, 6] GeV?
1 1.90 derivation from SM of pi = S5/+/FL(1 — F.) in ¢ € [4,8] GeV?
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|Ves| issue | V| = 0.975 £ 0.006 [PDG 2022]

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

and Ds — ,u+uu processes ~ 30 — ~ 1.50

BRI EFERITE

| Vis| result from Belle collaboration with

Simultaneous Determination in excl. and incl. processes

3.78 &£ 0.23 4+ 0.16 % 0.14 and 3.88 + 0.20 + 0.31 = 0.09
[Belle PRL131, 211801 (2023)]

EEHERFRMEBLIN A E

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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b - 1 |Vub|fz in pure leptonic decay

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

s
<

-

| V| in baryon decay [Nature Physics 11, 743 (2015)]

I inclusive

[ V|2 B(A? — U
[ A, - puv (LHCE) | Ub|2 = (Ap T ) Rpp = 0.68 £ 0.07 |
[ Combined [ Vel B(Ag — Al pTD)
Vv, v, -
% = 0.083 + 0.06 YL, v, | = (3.27 +0.23) x 103
cb

* consistent with determinations in exclusive B — 7/ decay

confirms the existing incompatibility with the inclusive sample

i |Ve| in Bs = Dspi v
T |Vibl/|Ves| in B(Bs = K~ v)/B(Bs — Dy pTv)
1 dB(B— K'u"p™)/dg® and ph in baryon decay A§ — ApTp~
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|Vp| in the B — plv process

* p is reconstructed by the w7 invariant mass spectral, the underlying

consideration is B — [p" —] 7" 7’11 (Bu) [Faller 2014]

|Ves| in the Ds — [fy —] [nm]g v process

*

fo large uncertainty due to the width and complicate structure

|Vep| in the B — D*lv processes

B anomalies in B — K*IT |~ processes

*x How to calculate the width effect/nonresonant contribution ?
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DiPion R&ZELHES T iRIB

e Chiral-even LC expansion with gauge factor [x,0]  [Polyakov 1999, Diehl 1998]
(m°(kn)m® (k2) G(zn) 7.7 a5 (0)]0) = Kab ki / dx e 30 (4, ¢, K2)

1 Three independent kinematic variables

1 Normalization conditions / B0, ¢, k) = (2¢ — DFR (k)

[ a2z = 1090, ¢ ) = 20 c1 - OFENT ()
0

A Mg’r) is the momentum fraction carried by quarks in the pion associated to the usual quark distribution

e 27DAs is decomposed in terms of C‘,B,"KZ(‘sz 1) and Cé/Q(QC -1)

n+1
<I>/:1(z,c,k2,u):6z(1_z) Z Z Blel(kz,u)CS’()z 1)C1/2(2(71)
n=0,even |=1,odd
oo n+1
I R D YD Y T G GO

n=1,0dd /=0,even

o B (K, 1) have similar scale dependence as the a, of 7, p, fy mesons
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e Soft pion theorem relates the chirarlly even coefficients with aj
A\ relation between the a]f and the coefficients B,y

o 27DAs relate to the skewed parton distributions (SPDs) by crossing
X\ express the moments M, of SPDs in terms of Bp(k?) in the forward limit as k> = 0

e In the vicinity of the resonance, 2rDAs reduce to the DAs of p/f

A relation between the af and the coefficients B,y A\ f, relates to the imaginary part of B,,,(mlz))

o How to describe the evolution from 4m? to large invariant mass
K ~ O(m?2) ? furtherly to O(mpAgen)
1 Watson theorem of -7 scattering amplitudes

/\ implies an intuitive way to express the imaginary part of 2wrDAs

/\ leads to the Omnés solution of N-subtracted DR for the coefficients

N—-1
K2m  gm K2N /oo 55(5)
4

B!, (k*) = B,(0) Exp In B!, (0) + — ds

— m! dk2m ™ m2  sN(s— k2 —i0)

e 27DAs in a wide range of energies is given by ¢) and a few
subtraction constants
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e The subtraction constants of B (s) at low s (around the threshold)

S (nl L, (nl
oy | Bl Gl | BL0) " g nBk(0)
(o1) 1 0 1.46 — 1.80 1 0 0.68 — 0.60
(21) | -0.113 - 0218  -0.340 0.481 0113 0185  -0.538 0153
(23) | 0147 - 0038 0 0.368 0.113 - 0.185 0 0.153
(10) 055 - 0413 - - -
(12) 0.556 - 0413 - - -

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

A\ updated with the kinematical constraints and the new a7 , a5  [SC 2019, 2023]

2

e All discussions are at leading twist, subleading twist LCDAs are not

known yet

DiMeson LCDAs widely used in the three-body B decays

studied from pQCD and QCDF is the asymptotic formula

[J Chai, SC, A-J Ma 2109.00664]

normalized to unit as r{;‘m(m = 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
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, ) = @, (#)Tiz}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

meson by the decay by the
timelike form factor.

13
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B— [pt =] 7tr'l ®E (Bu idiE)

e By decays have rich observables, nontrivial tests of SM [Faller 2014]

e Different exclusive b — u processes in the |V,;| determination [Faller 2014]
[Gao, Lii, Shen, Wang, Wei 1902.11092]

_ +0.67 40.19 _3
|Vipl = (2340570_52 theo —0.20 Cxp) X 1077, fromB — plv

[VulpDG = (3.70 & 0.12]¢peo = 0.10[exp) X 1072 from B — nlv
e B — 7wl has already been measured, mainly its resonant part B — ply,
(1.58 £ 0.11) x 10~ [CLEO 2000, BABAR 2011, Belle 2013]

o We propose to measure the B — 777/~ decay with B — 7+ 0 form factor
calculation from B meson LCSRs [SC, Khodjamirian, Virto 1701,01633]

e First measurement of the branching fraction of Bt > xtr Ity
(2.3 4 0.4) x 10~ [Belle 2005.07766] More data (Belle I1) is on the way
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e Dynamics of By is governed by the B — mw form factors
e A big task for the practitioners of QCD-based methods

e First Lattice QCD study of the B — nw/v transition amplitude in the region of

large g% and 77 invariant mass near the p resonance [Leskovec et.al. 2212.08833[hep-lat]]

B — 7 form factors [Hambrock, Khodjamirian, 1511.0250]

K (k) (k) [y (1 — 45)BIB () = F 1 (02, K2, €) o ey ey 4% AP B
VK2 /X !
v 2 2 . 2V k-q
+Fe(a®, K, ) —= + Fo(a®, K, ¢) ky — —ay
‘ N s @)
1~ 4q- k(R 4K*(q - k)
+F (@ K20 —= (ko — ke + Y
| (a C)\/ﬁ( e P q)

T A= A(m3, k2, ¢°) is the K3llén function

tog-k=(m}—q*> —Kk?)/2and q- k= VABr(K?) cos O /2 = VX (2¢ — 1)

t Br(k?) = /1 —4m2 /K2, 6 is the angle between the 3-momenta of the neutral pion and the B-meson

in the dipion rest frame
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Starting with the correlation function

Fu(ki ka,q) = i/d4xei"'x(ﬂ+(k1)ﬂo(kz)IT{j,‘f*A(X),js(O)}\0>

o @ KKTFY 4 quF A9 4, FAR 4, FAR

Take F1(¢°, k*,¢) as an example

2
Fi(q2. K2 d _ s(w)+mg
1(q%, 70 —ud)ﬁ_(u,g,kz)e ]

mp /
VI As  V2fgmifE (2¢ —1) Juy u

6
t Partial wave expansion F| (k2,¢%,¢) = V241 F([)‘(k2 q )%

E

2

m nt1

DIERER VK2 Agmy =B 1,2 1,2 ,2 2 B
Fi)(k 9= \fL m2 em? Z Z lper Bogr (K75 )y (@™, k=, M7, s).
f; mpfg n=0,2,--- ¢/ =1,3

1 =S
Iogr o</ Vi = 2PV (2P0 (), I :/ dueM? 6(1 — u)C/2 (20 — 1).
vo

T lpgr =0 when € > ¢/, =1/v3,h3 = —1/v3,li5 = 4/(5v/3), ¢’ = 1, asymptotic DAs

17 /25



B — mm FoIREF

How large of P—wave contribution to B — 7w FFs ({ =1) 7

Ry = FZV (2,62 /F{=D (1, ¢?)

e How much p contained in P—wave B — 7w FFs ({ = 1,0/ =1) ?

Hadronic dispersion relation for the P-wave B — ww form factors

(7 (k) mO (k) @72, (1 — v5)bIBO (p)) = (m T (k1) (k2) |p) (plave (1 — 75)bIBY (p)) + - - -

VBRSD gomn GOl
Vik2/Xg  m2 — k2 —impTp(k2) mg+mp

A p — 27 strong coupling gprmr = 5.96 & 0.04 <= the energy dependent total width of p

B — p form factor obtained from leading twist p-LCDAs
Py (mg +mp)mp | (1 du () m2 /M2 (—q2atm?2uz)/ (uM?)

"Bﬁ”“:ﬁ»/u o (w &M LT

V(d®)

itpt (K)|@v (1 — v5)b|B° (p)) = i o gB iy
(ot (01 (1 = 280618 (9) = ieyas ™ a’ K7
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50 :
P-wave contribution F(fl <92‘7 -1m727) 3ofasy contribution F’fl (0.1,K2), (I = 1)
43D, F-wave contribution fz" (42, 4rr721,) sEnon-asy contribution Flf L(0.1, k%), (l’ =3,---)
4.0 _ A i
= L 20
;Q 35 ;
' p—— w15
30 T 10
I LO andl leading twist of 2 i
501 1SC. Khodjamirian, Virto 1709.0173] 7 [SC 1901.06071] ~™===men___:
: 2 4 6 8 10 %.U 02 04 06 08 10 12 14
P(Gev?) 1(Gev?)

e High partial waves give few percent contributions to B — 7x form factors

e o', p” and NR background contribute ~ 20% — 30% to P-wave

Model 1
Model 2
21 DAs (1511025

e 30% smaller than it obtained from B-meson
LCSRs [SC, Khodjamirian and Virto 1701.01663]

Mam?,q%)

t high twist contributions ?
t Uncertainty of B-meson LCDAs ?

¢ (Gev?)



Ds — [fy =] [r* 77 ]g e ve ®RE (Du i372)

BIRE T FH&

e 13(1370), fo(1500), ap(1450), K5(1430) form a SU(3) flavor nonet

qq replenished with some possible gluon content
ie., fp(1370) — 2p — 4m, |nn), fy(1500) — 4, 27, gluon content

e 13(500) /0, f5(980), a0(980), K5(700)/x form another nonet
compact tetraquark and KK bound state

e the spectral analysis g has one unit of orbital argular momentum which
increases the masses, but fy and ap are mass degeneracy

e in Bs decays qgq is dominated in the energetic f,(980)
G°G* is power suppressed, FSI is also weak [SC, -M Shen 1907.08401]

e in D decays how about the energetic g picture ,(980) ?

20/25



Ds — [fy =] [nTn7]g e ve BE (Du iT72)

® D¢ — Slv decays provide clean environment to study the scalar meson
A Dy — ageTw[BESIIN 18, 21], DY — fy /oeT v[BESIII 19], Ds — fo(— 7w~ )eTw[CLEO 09]
o D, — fo(— 7%7°, K.Ks)eTv [BEsin 221, Ds — fo(— 77w~ )eTv [BESII 23]
B(Ds — fo(— 779 etv) = (7.94+ 1.4 £0.3) x 1074
B(Ds — fo(— ntn")etv) = (1724 1.3+ 1.0) x 1074
£9(0)| Ves| = 0.504 £ 0.017 £ 0.035

e Theoretical consideration

dr(DF — foltv) G%\Vcs|2/\3/2(m%5,m?o,q2)‘f ()2
dg? 1927r3m%5 +

e Improvement with the width effect (7w invariant mass spectral)
I ( 2)| )‘S/Q(mQDS» S, q2) 8%5# (5)
T ImE = s+ i(e28x(9) + £38k(s)) 2

C{ZF(D:_ — [Wﬂ]s l+l’) _ G2F| Vcs‘ 57771'( ) >\Dsq2 ZQ‘F(Z 2 k2
dk2dq? 19273 m?bs 167

dr'(Df — [wrlg Fv) 1 G2 V|2

dsdq? m 19273 m3,

£=0
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Ds — [fy =] [r* 77 ]g e ve ®RE (Du i372)

Ds — fo form factors (x () svurselDf () = ~i[f4 (6 (o + p1),, + - ()]

0.8

Ds ~>‘f0 form factor

ntial decay width of D:r — [fq =] [77lg etue

— Narrow Approx
0.6

— Flatté

« BESIII
ss-nh mixing scenario of fo with & = 20° + 10°

0.2
— LCSRs ~ ==--- SSE  « BESII

09 12307.02309] | [2303,12927[hep-ex]|
'%,0 0.2 0.4 0.6 0.8 1.0

. .‘ ; .‘ ) 10
¢

o Twist-3 LCDAs give dominate contribution in Ds — fo, [r7]g transitions
t does not indicate a breakdown of the twist expansion

t the asymptotic term in the leading twist LCDAs is zero (ap = 0) due to
the charge conjugate invariance
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e QCD description in terms of 7w LCDAs

2 2
PT(DF — [rrlg Tv)  GE|Ve|? Brm(K)y/ADsq
dk2 dq? ©192m8md 167

iwg“(qz,k%ﬁ

£=0

o D; — [wr]g form factors (= (ki) (ka)ls [svu75¢lDF (b)) = —iFo(q%, s, QKD + - - -

0.8 - T T T 1.2

« BESIII

1.0 — Narrow Approx
Leading twist of fy LCDAs §

0.6 i
| — Flatté

NE 0.4 55 0.6 — dipion
< g
— LCSR  ----- SSE
0.2
1 1SC and Zhang 2307.02309] -
9.0 02 0.4 06 0.8 1.0 o 0
¢ 7

o further measurements would help us to understand DiPion system (f)
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Thank you for your patience.
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