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Motivation

@ Among the general coordinate transformations of the 4-dimensional Minkowski
space that conserve the interval ds? = g, (x)dx"dx"”, there are transformations
only change the scale of the metric g, (x") = w(x)guv(x) and, consequently,
preserve the angles and leave the light-cone invariant.

@ conformal transformation correspond to a genaralization of the usual Poincaré
group A\ the conformal algebra in four-dimension has 15 generators: translations P,,, Lorentz rotation M,,,,

dilatation D and special conformal translation K,,, /A 10-parameter Lie algebra of the Poincaré group: P, My,

'I' examples A dilatation (global scale transformation) x* — x’# = Ax* and inversion x* — x'H = xH /x?

A\ special conformal transformation (sequential inversion) x# — x'# = (x* + a*x?) /(1 + 2a - x + a°x?)
@ the generators act on a generic fundamental field ®(x) with an arbitrary spin
(S'g =i[P*, d(x)] = 0¥ d(x), i[MIY,d(x)] = (x"8” — x" " — =H")d(x),
iD, ®(x)] = (x - &+ Nd(x), i[KM, &(x)] = (2x"x- -0+ x2oM 4 2l — 2x, THY)d(x).
A\ THY is the generator of spin rotations: THY ¢ = 0, THV ) = 1/20HV ), THV AN = gV X AP — gt AV
A\ | is the scaling dimension which specifies the field transformation under the dilatations, A [ = [°®*™ in the free

theory (classical level) < the action of the theory is dimensionless, /A [ % [°®" in the quantum theory, called the

anomalous dimension)



Motivation

@ an ultra-relativistic particle (quark or gluon) propagates close to the light-cone
@ introduce the projections on the two independent light-like vectors n, fi,
AAy, Ap=Aunt, AL = Ayt A2 =2ALA- — AL, A ght =gt — nptAY — YAk
@ consider the special conformal transformation with a, = an,
A\ then x_ — x” = x_ /(1 + 2ax_), this transformation map the light-ray in the x_ direction into itself
/\ together with the translations and dilatations along the same direction, x_ — x_ + ¢, x_ — Ax_, form a

collinear subgroup (SL(2, R)) of the full conformal group

@ in the parton model, hadrons states are replaced by a bunch of collinear partons
(), only to consider the quantum field "living” on the light-ray ®(x) — ®(an)

@ conformal group is reduced to the collinear subgroup that generates projective
transformation on the line
, aa + b

a—a = , ad — bc =1; ®(a)—>¢/(a):(ca+d)72j®<
ca+d

aa + b) o I+s
catd)’T T2
/\ generated by the four generators P, M__, D, and K_, a collinear subalgebra of the conformal algebra

A introduce Ly = Ly & ilp = —iP(K_ /2), Lo(E) = i/2(D & M_ ) satisfying [Lo, L3] = FLx and
L_,Li]= -2

A obtain [, ®(a)] = —9a (0200 + 2ja)®(a) = Ly ®(a) and [Lo, ®(a)] = (ada + )®(a) = Le®(a)
satisfying [Lo, Lyr] = Ly and [L_,L{] =2Lp A the algebra of SL(2, R) ~ O(2,1)

@ another subgroup corresponding to trans. of the 2-dimensional transverse plane



Motivation-LCDA

@ the remaining generator E count the collinear twist of the field ¢
A [E, ®(a)] = (I — s5)/2®(cx), A commutes with all L;

@ hadrons are described by LCDAs at different (collinear) twist, PDA, PDF
A\ collinear twist: dimension - spin projection on the plus-direction /A geometric twist: dimension - spin
@ e, |m) = vq351qq) + Vae|qdg) + Yaqeslqdqq) + - -
Yo (xiy ki, \i) = (n, xi, ki, Mil)
1 large @ k. can been neglected/integrated 7 (x;, \;), separate out the spin to
obtain the LCDA ¢/ (xi, Q)

t corrections O(k3 /@%, m*/Q?, as), scale dependence, RGE with the general
solution in terms of Gegenbauer polynomials. ie.,

leading twist ¢ (x, 1) = 6x(1 — x) 3 a7 (1) C2/2(x)
n=0

twist three ¢f (x, u) =

mg (1) 1/2 1/2
o (143030 67200 = 3w /7]

i
twist three  ¢Z (x) = %

6x(1 — x) [1 + 573 cg/z}

A asymptotic behavior af = fr, A a;‘>2(u) and m{ (u) are obtained by non-pert. theory/lattice QCD

A\ fine structure of pion (hadron), A electromagnetic FFs, B — 7; radiative and semileptonic decays — NP



@ status of aj study s 1) = 6x(1 — %) g a7 (1) C3/ % (x)

n

in QCD an (1) = (wla(2)q(z) + 2,0,q(2)q(z) + - - |0)
LQCD: a3 (1 GeV) = 0.334 £ 0.129[rBC&UKQCD 2010] , 0.135 £ 0.032[rRQCD 19]

AN azr is not available <— the growing number of derivatives in qg operator

A\ new technique is being developed[RQCD 2017, 2018].

QCDSR: a3 = 0.19 = 0.06[Chernyak 1984], 0.26"% 2 [Khodjamirian 2004], 0.28 = 0.08(Ball 06,

A\ nonlocal vacuum condensate is introduced and modeled for a;r>2 [Bakulev 2001]

A\ QCD sum rules as an inverse problem[Li 2020, Yu 2022]

quark-hadron duality — Legendre expansion of spectral density

LCSRs: data-driven
A Fpor: ag =0.19+ 0.19[Ball 2005], 0.16[Khodjamirian 2011], large error from B meson

A Fryyet @3 = 0.14[Agaev 2010 BABAR+CLEO, 0.10[Agaev 2012] Belle+CLEO,

large uncertainty of an7">2, discrepancy at large Q2, BESII ?

A Fr: a3 = 0.24 + 0.17[Bebek 1978] Wilson Lab+NA7, 0.20 &+ 0.03[Agaev 2005] Wilson Lab+JLab,

. - . .
large uncertainty of aps.o. precise measurement in the small transfers



Motivation-LCDA-mg

@ status of m{ study 57 (x, ) oc mg (1)/PF

— =+ =+ —+

nQCD  ((a(0)(~i1s)d(0)[0) = Fomg (),  mE = 2 /(my + ma)
mg (1 GeV) = 1.892 GeV is obtained from XPT]Leutwyler, 1996]

o2 (m&) are not involved in FXCSR due to the chiral symmetry limit

give dominant contribution in FP2CP due to the chiral enhancement O(mg /Q?)
A usually chosen at a fixed value in the previous pQCD study

Table 1. Input of mfj in the previous pQCD calculations.

Physical quantity (Accuracy) mg Refs
Pion EM FF (NLO, 2p, twist-3) 174 [12-15]
Pion EM FF (NLO, 3p, twist-3) 174 [16]
Pion EM FF (NLO, 3p, twist-4) | 1.90(1GeV) (9]
B - = FF (LO, 3p) 14 (17)
B - n FF (twist-2 NLO, 2p) 1.74%9:57 [18]
B — n FF (twist-3 NLO, 2p) 1.4 [19]

A maybe the largest error source of pQCD predictions of Fi
A the corresponding large uncertainty is formerly disregarded



Motivation-LCDA-F;

@ data-driven extraction of a¥, m§ from F.(g*> < 0)

T FEO5Rs(4%) is applicable when g2 € [~10, —1] GeV2[Braun 1994, 2000, Bijnens 02]
FLOSRs(g2) _ FE2LO | pt2NLO | pt4LO | pt6.LO

T FEQCP(g?) is applicable when g2 < —10 GeV?2[Li 2001, Li 12, SC 14]

CD/ 2 +2,LO4+NLO t3,LO4+NLO t2Qt4,LO 3p,LO
FPRCP(¢*) = Fy + Fr + Fr + FP

T data is only available in the resonant region |¢?| < 2.5 GeV?
T the mismatch destroys the direct extracting programme from spacelike form factor
A\ large errors ap~p terms become important in the intermediate and large transfers in LCSRs/powerlessness
1 timelike form factor F,r(q2 > 0) provides another opportunity
A BABAR: efe™ — ntm(y), 4m2 < g% <9 GeV2[BABAR 2012]
A Belle: 7 — mrvr,  4m2 < g% < 3.125 GeV?[Belle 2008]
o BESII: efe= () — ntn—, 0.6 < @2 < 0.9CeV? with ISR[BESII 2016]

@ timelike measurement and spacelike predictions are related by dispersion relation
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Pion LCDAs from the form factors

30



Dispersion relation

@ dispersion relation is written in the integral over invariant mass [4m?2, o)
@ the standard dispersion relation
17 ImF
m S
Fr(q? <0) == /dsig( )
s s—qg°—ie
S0

f the measurement is |F,(s)|? rather than TmF,(s)

t model dependence in F22**(s) parameterization to reproduce |F32t2(s)|

T vector dominate model (VDM) to parameterize the data[BABAR 2012]

Feta g N BW(s) o, 14l BWES(s)
Z 7’ % — T 1ier
=0, .- +cl
m? + mplpd(m m?
BWGS(S) n nln ( n) , BWfs(s) _ w‘ )
2 — s+ f(s) — i/sTa(s) m2, —s—imyly,

A\ Gounaris-Sakuria and Kiihn-Santamaria representations[Gounaris 1968, Kiihn 1990]

A N =4& p — w interaction, the data is described by 18 parameters
t The application of F2%(s) at high energy tails is not physical
A resonances above N = 4 are not included, A F,’iat""(s — 00) = 1/s

10/30



Dispersion relation—modulus representation

@ the modulus representation of dispersion relation[sc, A. Khodjamirian and A. Rosov 2020]

InFr(q®) 1 ds In|Fr(s)|?
q2 so—qz_ 5\/5—50(5_‘-72)7
_ q° \/ so — g2 ds In|Fr(s)|?
II Fﬂ.(qz)fexp /S\/ﬁ s_ 2)

P <s

. P <s

T introduce an auxiliary function[Geshkenbein 1998]

g-(q%) =

In Fr
q*y/s0 — q?

C)

T implement Cauchy theorem and Schwartz reflection principle on g

1 the only assumption in the derivation: F,r(qZ) is free from zeros in the complex ¢°
plane, then In Fﬂ(q2) does not diverge[Leutnyer 2002, Ananthanarayan 2011]

A if F.,r(q2) has zeros in the complex q,2 plane, deserves a separate analysis [Dominguez 2001, Ananthanarayan 2004]

JAN Fﬂ-(qz) evaluated by the standard and modulus DR have a tiny difference

— the zeros of Fr (qz) are either absent or their influence is beyond our accuracy

11/30



Timelike FF from data and dual-resonance model

Fr(q®) = exp

o0
q*\/s0 — q? / ds In|Fr(s)|? P <%
27 svs—so(s—q?) |’

|Fr ()] = O(stmax — 8) [F ()| + ©(s — smax) [FL " (s)|

@ the dual-resonance models with N: = co limit of QCD[Dominguez 2002, Bruch 2004]

; —1)"r(B —1/2

Fltai) () — F(IQCD) () _ ch BW,(s), cn = (=1)"(8 —1/2) . BWa(s) = BWSS(s)
a'm2y/mT(n+1)I(B —1—n)

A m2 = m2 (1+42n), o = 1/2m Ih =~ mp, v = 0.193 is adjusted to the total width of p(770)

A Matching [F{%%) ()] = \FSJ‘*” (smax)| indicates 8 = 2.09 £ 0.13

A reproduce F(dQCD)(o) =1 and lims_, _ o FLAQCD)(5) ~ 17581

100 05

10 04

i@ 1 =03

‘3;; 0.1 < 02

0.01 0.1
O 0 s 20 25 30 007 3 3 1 14 17 20

Vs [GeV] s [GeV?] 12 /30



Spacelike FF from LCSRs

@ LCSRs prediction of Fr(q”) G, 1) = 6x(1 — %) Sy a7 (1) 2(x)
A\ energetic pion [Braun 1999, Bijnens 2002]

FUCSR) 02y _ () @2) 1 S an(po) fa( @, i, p10)

n=24,..

as)(QQ) tw2 as (QZ) + F (tw4, LO)(QQ) + F (tw6, fact) (Q2)

A fp is the integral of Gegenbauer polynomials with the Borel exponent
A soft dynamics dominated, one quark carries almost the whole momentum
A FECSBS(g?) in terms of LCDAs, Gegenbauer moments dependence

A leading asymptotic term reproduces the asymptotic pQCD behavior

[ Rt (disp) 2y _ \/0 2 g In\Fw(S \2
092 A Fr (%) = exp
031 F(0) s4/s—sp (s— q2

A significant gap between F(dISp) and F7(ras)

A the 2nd term  a, gives significant effect

0'(GeV?]
13/30



Result of a7 and F(q?

@  fit to reveal the more inner structures of pion meson

P 1 NMmax 5 (as) 5 (disp) 5 2
as is
272 Z an(10) fa(Q7 s o) + F¥(Q7) — Fr7°P(Q7)
i—1 97 |n=2,4,..
Model a2(1GeV) as(1GeV) ag(1 GeV) Xmm/ndf
{32} 0.302 £ 0.046
{a2,as} 0.279 4+ 0.047 0.189 £ 0.060 0.75
{ay, a4, a6} 0.270 £+ 0.047 0.179 £ 0.060 0.123 + 0.086 0.073
1.0 0.8 p
T oNA7 —— BABAR ¢*>0
0.8 1 Jefferson Lab F 0.6 BABAR, ¢°<0 (DR)
— P ) : i Jefferson Lab, ¢%<0
06 FLCSR) g2
IS =04
< 0.4
0.2
0.2
0.0 005 1.0 L5 20 25 3.0 35
0.0 0.5 1.0 1.5 2.0 2.5 . . . . . . )

0[GeV?] V14*|1Gev]

A |Fr(s)] ~ \FgrdiSP)(|q2|)| at |1v/q2| 2 3 GeV, manifests analyticity of the modulus representation

14 /30



Timelike FF from data and pQCD

7% < s

q\/ s0— q° ds In |Fr(s)|?
/ Vs’

IFr(5)] = ©(smax — 8) [FL 1) (5)] + (s — smax) [F2P)(s)]

,Inter

Fr(q®) = exp

@ interpolating the data with evenly distribution under the interval 0.01 GeV
A\ data sample densities are roughly 0.01 GeV, 0.002 GeV and 0.1 GeV in the near resonances, resonances located and

away resonances regions, respectively

@ pQCD prediction of high energy tail[sc 2019]
A\ An unique advantage of pQCD is that the high energy tail can be directly calculated by perturbative theorem

T pQCD calculation based on kr factorization theory (take spacelike FF for example)
_ ize [ do -
()" () = dardn Hﬂw(q,zn<w*(pz)‘{dw(zz)e[“f° MRl Py
0
<o‘ { (0) e[ 12 dovAv ()] d(;(zl)}

A\ Seperation: SD (propagator) and LD (Heisenberg operator) A\ Hard kernel and nonlocal MEs <= spin structures

e

7 (P1)),,

il

(Fierz trans.) A\ nonlocal MEs, defined in terms of LCDAs by twist A Truncated (factorizable) scale p¢

15/30



FFs from pQCD

1 hard kernel associated with the lowest Fock state
HI sz, 2) = (=1) ligevmlap TV [(ieq7)50(0 — 21)(igsvn)] 5 T [~iD0n(21 — 22)]

T the free propagators in the coordinate space
i 1 mn
LA oh= o E

S = =
0(2) ar Z2

T om A

T about the nonlocal MEs, different spin structures (LCDAs at different twists)

2 (459) 5oy (O[(z1) [21, 0] (v75) A7~ (p1)) .,

Sil
(0] (Far(an) b, 0 s 00y [~ o)., = 2 {

3

5 (7)) 0] (o) A0 (e, o |

1 high Fock states contribution, like three particle configuration qgg
t pQCD prediction can be arranged as
FEAP (%) = (m§)*Fi(a”) + mg Fa(q”) + Fa(q?)
+mg a3 Fa(q”) + a3 Fs(°) + (a3 )* Fo(a”)

A\ the function F3 collects the contributions from the asymptotic term and partial high twists terms

A power hiearachy between different terms, like (mg V2F > mg Fa(q?) > F3(q?) - -

16 /30



Result of m§, a" and F.(q?)

014
Rl = R
10t IFee? o012 = PR
FoR
100 010 — o
0.08
1071 \
X
0.06 \ )
1072 [ -
g ~ 0.041
10-3 T~
0.02
07 0.00
0 5 10 15 20 25 30 5 10 15 20 25 30
s(GeV?) Q?(GeV?)

A timelike (left) and spacelike (right) form factors
A the pQCD predictions are obtained by taking mg (1 GeV) = 1.6 4= 0.4 GeV and a7 (1 GeV) = 0.25 £ 0.25
A\ the effect from the scale evolutions are also taken in to account
cD . . . . . L. .
T (s) marries with the data at the intermediate regions within uncertainty

T, t2+13

pPQCD

T the chiral enhancement effect is significant A the large gap between FP2SP and FER

1 high energy tail gives large contribution to FX®(Q?), especially in the large g

A\ the logarithm expression of the timelike FF strengthens the role of high energy tail in the dispersion relation

T the fit of FP2C with FPR can not arrive at a good result of a§, but mg

A\ the uncertainty of F£R1 is larger than the leading twist pQCD prediction



Result of m§, a" and F.(q?)

@ )’ fit to reveal the more inner structures of pion meson

—_ =+ —+ —+ @

[FERZ(Q?) _ FﬁQCD(QIZ)]Z

11
=3
i=1

[s7DR2(Q2)]”

A iteration with the initial inputs mJ (1 GeV) = 1.6 + 0.4 GeV, aj (1 GeV) = 0.25 £ 0.25

Scenario I 11
my (GeV) | 1.377%% 13179750
aT 0.25 +0.25 0.23 4 0.25

A fitting results of m§ and aJ at the default scale 1 GeV

A\ Scenario | (I1) represents the fit with(out) considering the scale running of nonperturbative parameters

about the first gegenbauer coefficient a3

LQCD: 0.334 = 0.129[ukQcD 2010], 0.155 = 0.035[RQCD 2019], 0.25879.97 11 pc 2022

data-driven determination from pion from factor: 0.279 &+ 0.047 [SC 2020]

Fr~~* is theoretical clear, measurements are discrepant from BABAR and Belle

settle down with the foresee Belle-1l and BESIII measurements ?



Result of m§, a" and F.(q?)

T with the new result as inputsiian Chai. SC and Jun Hua 20221

.pQCD.
10 I 7R |
0.8! P [ ’-’:Jilﬁte
o8l d P2
10%F o4 P |Fdate]
0.2 I» . 6 }v"NA7
=25 -20 -15 -10 -05 0.0
A o
&
1071 ] \
/ _
1072 |
-30 =20 -10 0 10 20 30

q%(GeV?)

 power hiearachy (mg)?F1 > mi F2(q®) > F3(¢%) - -
T pQCD consists with BABAR data in the intermediate region much better

 a good agreement in the large recoiled region [—1,0] GeV? within uncertainties
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DiPion LCDAs and the phenomena
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Why dipion LCDAs 7

CKM matrix is a crucial criterion of the Standard Model{pbG 2022]

long standing | V| tension
[Vub| = (3.82 £ 0.20) x 10~3, mainly extracted from B — X, /v and B — 7lv decay
[Viblinel = (4.13 £0.25) x 1073, |Vyplexel = (3.70 £0.16) x 1073, ~ 1.7 — 2.7¢

enlarge the set of exclusive processes to determine |V,;|, a candidate is B — plv
A\ p is reconstructed by 77 invariant mass spectral, width effect/nonresonant contribution ?

A\ the underlying consideration is B — 7wrliy (Bjy) [S. Faller 2014]

Besides the unitarity triangles (orthogonality), the unitarity can also be tested by
the normalization conditions, the least precisely determinations is

[Vus? + |Ves|? + |Vis|?> = 1.004 £ 0.012,  |Vy|? + |Ves|? + |Vep|? = 1.001 + 0.012
[Vig|? + | Vas|? + | Vip|? = 0.9985 + 0.0007
|Ves| = 0.975 £ 0.006, mainly extracted from the (semi)leptonic Dy decays
|Ves| = 0.972 +0.007, |Ves| = 0.984 +0.012, ~ 1.50 tension
new channels like semileptonic Ds decays and are highly anticipated
A\ problems encountered, Ds — fylv has large uncertainty due to the width and complicate structure
we need to study dipion and dikaon LCDAs

21/30



Dipion DAs

@ Chiral-even and odd LC expansion with gauge factor [x, 0][Polyakov 1999, Diehl 1998]
(7 () ) () 071 0)10) = e b [ a0 @70 (2,42,

2i kiykoy — ko, kg g i R /
(72 (k1) P (k) |G (xm) 0 s a1 (0)]0) = gy s % / dx Um0 (5 ¢ 42,

A n? =0, A index f, f’ respects the (anti-)quark flavor, A a, b indicates the electric charge of each pion,
I\ coefficient Ky—/00 = land Kyg = V2, A k= ki + ko is the invariant mass of dipion state,
A 7 =1/2,73/2 corresponds to the isoscalar and isovector 27DAs,

A higher twist proportional to 1, 7,5 have not been discussed yet, 5 vanishes because of P-parity conservation

1 three independent kinematic variables
/\ momentum fraction z carried by anti-quark with respecting to the total momentum of dipion state, A\ longitudinal

momentum fraction carried by one of the pions { = k;r/kJr, 2q - I;(nx 2¢ —1) A the invariant mass squared K2
T the chirally odd constant f5= is defined by the local matrix element
k%ir_nw(ﬂ'a(kl)7rb(k2)\E(O)o‘uv7—3/2q(0)\0> =21 ™ /5 (ki kow — kopkiy)
1 normalization conditions
/ @ 10w, ¢, = ¢~ DED (), / dz (22 — D010z, ¢, k) = —2m{7¢(1 — OFEMT ().
AFM0) =1, A FLO)=1/f%, A FEMT(0) =1,

AN M;W) is the momentum fraction carried by quarks in the pion associated to the usual quark distribution
22/30



Dipion DAs

@ 27DAs is decomposed in terms of C2/(2z — 1) and C;/2(2§ -1)

oo n+1
o'z o KRy =621 —2) > > BINKE, )Pz - 1) P (2¢ — 1)

n=0,even /=1,odd

oo n+1
oz K =621 —2) S S Bk w22z - 16 2¢ — 1)

n=1,0dd /=0,even

@ B,(k?, 1) have similar scale dependence as the a, of , p, fo mesons
0)__(0)

On —7p "
as(p) :| 2Bp

as(po)

ntl g 1
S HID0 _ ge, Z* _3

2(n+1)(n+2)

2 2
Bre(k™, n) = Bne(k™, 1o) {

@ Watson theorem of m — 7 scattering amplitudes A implies an intuitive way to express the
imaginary part of 2rDAs, A\ leads to the Omnés solution of N—subtracted dispersion relation for the coefficients

—1,2m ym PRIV . s(s)
s el
w Jam2 sN(s — k2 — i0)

! ! !
B!, (k) = B!,(0) Exp LZ:I — InB,,(0) + —

/\ excellent description of pion form factor up to k% ~ 2.5 GeV?

A\ 27DAs in a wide range energies is given by 6£ and a few subtraction constants

23/30



Dipion DAs

T soft pion theorem relates the chirarlly even coefficients with a;
n+1 11 n+1 -0
>y @ =47, 380 =0
£=1 £=0

T 27DAs relate to the skewed parton distributions (SPDs) in the pion by crossing

A\ express the moments of SPDs in terms of B,(k) in the forward limit as

3N+1

N+1 Lo
5 N +1 Nfl,N(O)’ M;\;:even =

0
2N +1 =180

x
My-oda =

T in the vicinity of the resonance, 2wDAs reduce to the DAs of p/fo

A\ relation between the af and the coefficients By,

N—-1 m
1
p_ nl _2m (n1) _ —
al) = Bp1(0) Exp |:m§:1 Cm My :| sy = ol dk2m [In Bp1(0) — In Bp1(0)]
A\ f, relates to the imaginary part of B,,,(mi) by (m(ki)m(k2)p) = Bpmm (ki — k2)Yea

Il (2 12
Al _ V2T, ImBg; (m?) L V2T, my ImBgy (m?)
P

P L
gomn g iz
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Dipion DAs

T The subtraction constants of Bye(s)[sc 2019, 2023]

A\ firstly studied in the effective low-energy theory based on instanton vacuum A updated in 2019 and 2023

s(nl L (nl
(o) | 8l,0) o) 4 el | B(0) " 4B 0)
(01) 1 0 146 — 1.80 1 0 0.68 — 0.60
(21) | 0113 — 0218  -0.340 0.481 0113 — 0185  -0.538 -0.153
(23) | 0147 — -0.038 0 0.368 0.113 — 0.185 0 0.153
(10) | -0556 — -0.300 B 0413 — 0375 B - -
(12) | 0556 — 0.300 - 0.413 — 0.375 - - -

25 /30



Phenomena

@ B — mm transition matrix element is defined in terms of the form factors

_ 2 _
i (k)70 (k2) |3y (1 — 5)b1B°(p)) = F1 (4%, K2, €) oo ieyapy a KKV

y 2WE ke
R I, 0) S R KO T (e = =)
2 2 1o g K)(a-k) 42 (q - k)
A g (R = o e )

@ P-wave contribution to B — 7 form factors with /| = 1 dipion [SC, Khodjamirian, Vitor 2017]
@ P(S)-wave contributions to B — 7w form factors with | = 1(0) dipion [SC 2019]

o
%0 0z 04 05 o8 10 12 14 0o 2 4 s & 0 o 2« & & w w

5 (Gev?)

® Wt i e

o o
%0 o0z 04 06 08 10 12 14 00 o0z 04 08 08 10 12 14

5 (Gov?)

@ Bs — (ﬂ) %)KK form factors[SC and Jian-min Shen 2020]

26 /30



Phenomena

Semileptonic D(s) decays provide a clean environment to study scalar mesons
A Dy — ape v[BESIN 18, 21], DY — fy/o(— 7w~ )et w[BESIII 19], Ds — fo(— 7w~ )etw[CLEO 09]
A Dy — fo(— 770, KsKs)e v Branching ratio[BESIII 22], Dy — fo(— n¥ 7~ )eT v form factor[BESIII 23]

B(Ds — fo(— 7°n%)etv) = (7.9 +£ 1.4 £ 0.3) x 10

B(Ds — fo(— wtrx")etr) = (17.2 £ 1.3 +£ 1.0) x 10~

—4

A\ isospin symmetry expectation B(fy — wtw~)/B(fy — 7°x%) =2, possible p° — 77~ pollution

A f_fO(O)\VCS\ = 0.504 + 0.017 £ 0.035

2 243/2/,.2 2 2
dr(DF flty)  GRIVesPAY2(md m? q )If

i i i 2y(2
theoretical consideration e To2m3m 7 (q%)]
s

fo is observed in the 77 invariant mass spectral

improve the calculation by considering the width effect
 resonances model (fy — [n7]g) [BESII 23]

dr(Dy — [rrlgItv) 1 GE|Ves| PRENE N32(m2 s, 4%) g1Bx (5)
dsdq? ™ 1927r3m3D5 * \m% —s+i(g1Bx(s)) + &8k(s)) 2

t stable w7 state

d2r(D: - [7!'7!']5 I+’/) _ GEchs 2 B’”r(k ) >‘Dsq ZZlF )
dk2dq? B 19273 m3,_

Ds — fy ffs to Ds — [7r7r]s ffs [SC 2017,19,20, S. Descotes-Genon 19] in B(s) cases
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Phenomena

@ Ds — (fo —)[n7]g eve and D — [rw]get v at leading twist[SC 2023, to be appear]

10 1.2
8 — Narrow Approx — Narrow Approx
— Flatté — Flatté
v ° BESIII T ipi
k] ° 3 — dipion
c S
S Y
2
b
e —
L a2 I 0.
8.0 02 04 06 08 10 12 14 8.0

significant model dependence, require a model independent study

subleading twist contribution is indeed important A go further to study the twist three 27tDAs

significant difference in comparison to the result obtained from the resonant model

further measurements would help us to understand the dipion system much better
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Conclusion

@ modulus representation of DR, LCSRs calculation + BABAR data,
a2(1GeV) =(0.22 — 0.33), as(1GeV) = (0.12 — 0.25)

/\ Pion deviates from the purely asymptotic one A a;" is not enough, more inner structures

@ modulus representation of DR, pQCD calculation + BABAR data,
mf(1GeV) = 137792 |  a(1GeV) =0.25+0.25

@ with leading twist dipion LCDAs, B — 7w and Ds; — [n7]g form factors are
calculated, and compared to the result obtained from B meson LCSRs

@ twist three dipion LCDAs are highly anticipated to improve prediction power

@ Jefferson Lab 12 GeV upgrade program (9 GeV?)
to extract the nonperturbative paras (besides the lattice evaluation)

@ BEPCII, up to 5.4 GeV in 2023-2024
@ D,/D; events: BESIII O(10°), Belle Il O(10°), STCF O(10°), CEPC O(10")
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Thank you for your patience.
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