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Semileptotic D(y) decays
play a crucial role in the precision era of particle physics

e fundamental parameters, like the CKM matrix

[ e
element |V = 0.975 & 0.006 [PDG 2022] oo
p—" [E B 6y
o the result measured via D — Klv and Ds — pvy, e
consist with each other (~ 1.50 derivation) —L
o ~ 30 tension three years ago [PDG 2020, 2021] RO
o the improvement mainly due to the high precision of D — K ::: :::::.:;x :::::::: . o
AR AN TR Y
form factor from lattice evaluation and the st from the BESIII 203 04 1“0"‘70) 0507 038

e new physical mechanism via the FCNC

o anomalous measured in B — K*M+u7, 3.60 derivation of di3/dq? in g € [1, 6] GeV2,
1.90 derivation of pf = S5/+/F (1 — F[) in [4, 8] GeV?

o a plausible effect in up-type FCNC process ¢ — ull [Bharucha 2011.12856]
SM B(D — wIT17) ~ O(10~?), current best-world limit O(10~8)

o LCSRs prediction B(D — mup) = 1.33F70 17 x 1078, at the same order of LHCb limit 6.7 x 108

[A. Bansal, A. Khodjamirian and T. Mannel 2505.21369[hep-ph]],

o first measurement of DO — 7T x~ete™ _ c m u o e u
[LHCb 2412.09414] (4.53 £+ 1.38) hX 10~ g d - o w-

in p/w and (3.84 +0.96) x 10~ " in ¢ B d isp B

3 i ¢
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New physics hunter D — 7t p~

e my flalk in the " BB IEBFITS"” at LZU, July 8th, 2024

e Experimentail potentials

Experiment Measurement Sensitivity

ular observables ~ 0.2%

LHCb ﬁ with 50fb~?,
[talk at Towards|the URtimate Precision in Flavour Physics, Durham U.K. (2019) ]l

~0.08% with 300fb™

LHCb Branching ratio ~107% with 50fb~!, ‘

[BABAR Collabdration  1107.4465]
Belle-I1

~ 3 x 107" with 300fb~!
Branching ratio ~ 1078 (rescaling BaBar)

Run 4 ~ 2030
Run 5 ~ 2038

N(DD) ~ 10%/ab=!  angular observables ~ 0.2%

DY 36 36%10°
D*D” 2.8 2.3 x10°

3.770 1 DD 79 % 10° Single Tag
DD 55x% 108 Single Tag

STCF M(DD) ~ 8 x 10° Branching ratio ~ 10~%

e STAQF is still competitive in hunting the NP via D — mut

st

e BESIII Collaboration in the electron channel [BESIII Collaboration 1802.09752]
B(D— ntm~eTe™) < 0.7 x 107° with N(cc) = 2 x 107 at 3.7 GeV
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Semileptotic D(y) decays

e a clean environment to study scalar mesons see En Wang and Chu-wen'’s talks

o fg(1370), f5(1500), ag(1450), K (1430) form a SU(3) flavor nonet
o fo(500) /0, f(980), ag (980), K(700)/x form another flavor nonet

compact tetraquark and KK bound state are favored from spectral analysises, s5 is dominated in Bs decay

o how about the energetic qg picture f(980) in Ds decays ?

e depends on the precise pertubative QCD calculation, more important is the
accurate nonperturbative description of the structure

o the signal channel is D) — [fo —] 77, KKl invariant mass

o dynamics of Hy is governed by H — 77 form factors, a big task of the QCD methods
[S. Faller, et.al., 1310.6660, X.W. Kang, et.al., 1312.1193]

e Dipion LCDAs are introduced in the LCSRs predictions of B, D — 77 transitions

[SC, A. Khodjamirian and J. Virto, 1701.01633[hep-ph]] B-meson LCSRs

[C. Hambrock and A. Khodjamirian, 1511.02509[hep-ph]] 2wDAs LCSRS of F)| |
[SC, A. Khodjamirian and J. Virto, 1709.00173[hep-ph]] timelike-helicity FF F; and Fq
[SC, 1901.06071[hep-ph]] 27DAs updates and B — [r7]g p FFs

[SC and J.M Shen, 1907.08401[hep-ph]],
[SC and S.L Zhang, 2307.02309[hep-ph]] Ds — [fy —] wmlv leading twist

[SC, 2502.07333[hep-ph]] first study of twist-three 2rDAs and |V,,;| extraction
[SC, L.Y Dai and S.L Zhang, to be appearing] Ds — [fy —] wmlv sub-leading twist
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Opportunities in SL D4 decays

(private opinions)

i Ds— [fy, - —]| ety
i D— pl'vand D — K*I'v



Ds — [fy, - —|rmeTv



* in SL Bs decays

* tetraquark contribution is suppressed
doubly by strong coupling and power

* FSl is weak too

[16(980)) = v44|qa) + Y qqel9G8) + Yaaqalqqqq) + - - -
o (Xi, ki Ai) = (n, x5, ki Nilfo)

* physical observables are usually written in a QCD convolution

_Z/ dx; H (i, Q) (xi, 1)

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

e how about the energetic qq picture f,(980) in Ds decays ?
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Ds — [fo, -+ —]mmev

e Semileptonic D(s) decays provide a clean environment to study scalar mesons
o Ds — fyet v [CLEO '09], Dy — aget v [BESII '18, 21], DT — fo/oeT v[BESII '19]
o Ds — fo(— w079, KoKo)et v [BESII22], Ds — fo(— n 7~ )eT v[BESII 23]

B(Ds — fo(— 7070 etv) = (7.9 £1.440.3) x 1074
B(Ds — fo(— ntn")etv) = 172+ 1.3+ 1.0) x 107*

f@ (0)|Ves| = 0.504 4 0.017 + 0.035

e Theoretical considerations: single particle (narrow width limit)

dr(DF — o) GRIVePAY/2(mp, m? , o?)
2 = 373
dq 1927 mp,

Iy (a*)|%, Ds — fy FF

e Improvement with the width effect by resonant model

dr(Df = [rrlg v) 1 GE|Vesl? 2 A2/ (md s, %) g16r (5)

dsdg? 7 19273 mp_ T Im2 = s+ i(g18x(9)) + £268k(s)) 2

BESIII

e Improvement with the width effect by 77 invariant mass spectral

RU(DF — [nrlg Hv)  GFIVesl® Brr (K2)y/Ap, 0
2 4g2 - 5m3
k2 def 3(4m)5mi

o0
STIEO (@, k)2, Ds — wr FF
£=0



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 factors
e Definition of Ds — [rm]g form factor

([ (k)7 (k2)]g |57 (1 — 75)c| DF (p)) = —iFekl, — iFo (P, s, Q) KO, — iFj Kl

s s

2v/q? k-q I 1 (- 4Kk 4K%(q- k)
k” = \/—27 m <ku - 724“,) ’kM = ﬁ Ky — N w+ X Cm
q v/ ADs q D, D,
e LCSRs calculations start with the correlation functions
T2 (q, ko) = 1 e (" (k) e (ko) | T (), 2 (0)}10)

e The chiral even two quark isoscalar 2wDAs
leading twist, twist-three LCDAs are available now [SC, arXiv: 2502.07333]

([7* ) w® (k2) | [50m)vu5(0)[0) = 25abkM/due’“X<k D@ P (1 G K

oo n+1
@ff[‘)ﬂls =6ul—u) > 3 BN, wG?u- e /?2¢c-1)
n=1,0dd I=0,o0dd

e Do the LCSRs QCD calculations and consider the partial-wave expansion

Fo(q®, K2, ¢) = Z V201 1R (6%, k)P (cos 0)
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Ds — [rm]g form factor and Ds — [rr7|g e decay

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

c c 'S 2 A e /Bﬂ'(k )
2K (2 2y _ Melme + ms) V4 \/Aps £ B=0 (12
Va*Fy (@ k) 2 o, n:;mﬂd N e (4 % 50) B ) (K Iggr

o 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
o For the resonant regions, Watson's theorem yields the k*-dependence via Omnés

solutions with the phase shifts mplemented through subtracted dispersion relations

Preliminary

Prelimin?g(
¢ IF{ "5l

15,
1.0} 1.5

Vo IFG )

1.0

10

o5 Vs@ew o o5 Ve@ev)
: , 0.2
q (GeVz) 03 0 /00 [SC, S.L Zhang and L.Y Dai] ¢*GeV?) 03 .,
04 O 0400

e S and D-wave FFs: \/q2|Fg/:0)(\fs, q%)| and \/q2|Fg/:2)(\fs, q%)|
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Ds — [rm]g form factor and Ds — [n7]g €T decay

e The g?>-dependence of FFs obtained by adopting the phase shifts from
7~ p — 7070n reaction (peak) and 7 scattering (dip)

Preliminary

Preliminary.

—— Ve R —e— )
15) 15l
--e-- V@ FEP@) --e-- @@ FEP@)

[SC, S.L Zhang and L.Y Dai]

00 02 04 06 08 1.0 N 0z o4 08 08 10

e Differential widths dT"/dq? is two-order in magnitude smaller than the data
o 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, qqqq)

e much different in B decays leading twist dominated  [SC, arXiv: 2502.07333]
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D — plv and D(S)%K*/_FV



D — pltv and D — K[t

e motived by the recent BESIII measurements

Decay Mode Collaboration Year Reference

DO — K**’uﬁ,“ BESIIT 2025 PRL 134(2025)1,011803

D - petu, BESII 2024 PRD 110(2024)11,112018
Dj — K*05+VE BESIIT 2019 PRL 122 (2019) 6, 061801
Dt — pletu, CLEO 2013 PRL 110(2013)13,131802
Dt — K*0uty, FOCUS 2006 PLB 637(2006)32-38

e state-of-the-art LCSRs calculation of D — V form factors with high twist
LCDAs

e to examine the width effects and the non-resonant QCD backgrounds in the Dy
decays (D(5) — V[— P1P2]lv)
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DY — p~ form factors from different twist (power) contributions

[W. Lin, X.E Huang, SC and D.L Yao, 2505.01329]

T2 —A,_—2pT2
15 —2pT3---2pT4 —2pT3---2pT4
2pT5—3p 075 2pT5—3p

e both the three-particle LCDAs and the power correction from the heavy quark expansion at O(1/mc)
contribute significantly to the form factors A; and As.

e The OPE expansion exhibits good convergence: while two-particle twist-three LCDAs contribute sizeably or

even dominantly in the axial-vector transition, the higher-twist effects remain well under control

16/
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D° — p~ form factors

— A, —QM —4, —
251 —LFQM  ===HChPT ——LFQM  ===HChPT
—LQCD ——LEChQM 10 —LQCD ——LEChQM

0.0 0.2 0.4 o() 6 0.8 1.0 0.0 0.2 0.4 20,6 0.8 1.0
¢2(GeV) ¢2(GeV)
—4, ——LCSR2006 —v ——LCSR2006
10 —aQM ---LFQM 200 f —LFQM  ---HChPT
—HChPT ~ —LQCD —LoCD  —LEChQM
——LEChQM

02
0.0 02 0.4 06 0.8 10
7*(GeV')

e LCSRs predictions in comparing to the results obtained from other approaches
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D — pltvand D — K*Iv

35 35
— D pe — D, K" v,
30 — D o, 30 oK
25 25
20 20
15 15
10 10y
! I
05 05
! f
0o lL 0oLl
0.00 025 050 0.75 1.00 0.00 025 050 075 1.00
2 2
7*(GeV") 2(GeV')
60 60
— DK et D oK,
50 — DK i, 50 — D 5K,
40 40
30 30
20 20
! 1
w0}/ 10}/
! !
oll oll
0.0 02 04 , 06 08 0.0 02 04 , 06 0.8
*(GeV') 2(GeV')

o Differential decay widths dI'/dg® of D — p/tv and Dy — K* It v decays

e the lepton mass effect is mostly prominent in the large-recoil region of the semileptonic charm to vector

meson decays
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D — pltv and D — K[t

e branching ratios of semileptonic charm decays (in unit of 1076)

Dt = p%ty, DF 5 K0ty D K0ty DT o K%ty

This work 2.301032 1.5579:30 17.67%4 452182
2.201038 1.487039 16.6°73 427451
LOSR2006 [21] 229107 2.331020 212409 53.713%
2207021 2.2413:27 20.1+0.9 51.0723
2.32 1.90 73.2
CLFQM [51] —
see Xian-wei Kang's talk 222 1.82 69.3
HCHPT [32] 2. 2.20 22.0 56.0
PDG 2] 1.90 £ 0.10 2.15+0.28 21.5+ 1.60 54.0 +1.00
2.40 +0.40 — 18.9 £ 2.40 52.7 £ 1.50

e 10%-20% discrepancy when confronting our LCSR predictions with experimental
measurements

e asizable SU(3) flavor-breaking effect is observed in D5 — K*lv decays

e the necessity to further implement the effects of vector meson widths and non-resonant QCD background
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Conclusions and Prospects

e The introduction of DiPion LCDAs provides an opportunity to study the
width effects and the structures of nonstable mesons in H;; processes

o a new booster on the accurate calculation in flavor physics

o improvement study in the CKM determinations and the flavor anomalies

e The studies of 2rDAs and H), decays are now at two-particle component

o universal phase shift in w7 scattering and heavy decay ?

e Go further to high twist LCDAs associated to multi-particle components

o B— nrly, B— [pp =] — 47, Ds — nrnly, D — Krpv, D — mretTe™ et al.

Thank you for your patience.
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