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Motivation-desirability

e as:a:Ge~0O(1): O(flﬂ) :0(107°)

@ very hard to measure weak decay from strong and e.m interactions
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Motivation-desirability

° as:a: Gr~O(1): O(3): O(1075)
@ very hard to measure weak decay from strong and e.m interactions
@ so the total widths of heavy-light vector mesons are still in lack

% Tper =843+18keV  — DOt D+r0 Dty

* [pxo < 2.1MeV FD;+ < 1.9MeV [PDG 2020]

— D70, DO~ — DSy, D% Dtete

S

* [+, g no measurement
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Motivation-desirability

® as:a: GF ~O(1): O(537) : O(1075)
@ very hard to measure weak decay from strong and e.m interactions
@ so the total widths of heavy-light vector mesons are still in lack
* [pe+ = 84.3£1.8keV — D7+, D70, Dty
* [pxo < 2.1MeV rD:+ < 1.9MeV [PDG 2020]
— D70 DO — Df~,Df 7% Dfete”

* I'g~,[gx no measurement

@ but they are very important
properties, structures, gpyp,~, non-perturbative approaches, et.al.,

@ impressive lattice QCD evaluation
rD:+ = 0.070(28) keV [HPQCD 2013]

@ encourage us to study the exclusive D} weak decay
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Motivation-significances

D — gprp.yetal  —  nonpert. approaches

fruitful significances in phenomenology

1 leptonic decays, helicity enhanced D — /v, decay constant

G2 m2 m2 B
Mor iy = <o | Ves | 3 mbs (1 - ) (1+ I | =244 x 1072 GeV . 1)

127 m m
D2, 02,

T semileptonic decays, DI — ¢lv, | V| and helicity form factors,
QCD-based approaches

T lepton flavour university (LFU) in vector charm sector

T hadronic decays, DI — ¢p, ¢, factorisation theorem or topological analysis

T inclusive decays, D; — Xs/v, HQET and reliability of power expansion
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D} — ¢ helicity form factors

heavy-to-light form factors (FFs) play the key role in weak decays

both pert. and nonpert. physics enter into the game

the measurement would reveal the inner structures of hadrons

QCD-based approaches to calculate FFs, LCSRs, PQCD, LQCD

implement of LCSRs in charm sector, D — 7, K,n(), ¢ et.al
[Khodjamirian 2000, Ball 2006, Offen 2013, Du 2003, Wu 2006]
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D} — ¢ helicity form factors

heavy-to-light form factors (FFs) play the key role in weak decays

both pert. and nonpert. physics enter into the game

the measurement would reveal the inner structures of hadrons

QCD-based approaches to calculate FFs, LCSRs, PQCD, LQCD

implement of LCSRs in charm sector, D — 7, K,n(), ¢ et.al
[Khodjamirian 2000, Ball 2006, Offen 2013, Du 2003, Wu 2006]

D} — ¢ FFs in this work

7 first LCSRs prediction of V — V' type FFs

1 helicity decomposition with four FFs, saying L, LT, TL, T

t LCSRs prediction is reliable in large recoiled region [0, 0.4] GeV?
T parameterisations to the full kinematical region [0, 1.2] GeV?

@ experiment potential of D} weak decays
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D} — ¢ helicity form factors

@ start with the correlation function
Funlproa) = i [ d'x e (6(pn, )] L (). 4 (0)}[0). (2)

@ heavy-light weak current JXV = 5v,(1 — 7s)c and vector current JY = Ey,s

@ modify the correlation function by multiplying €” to obtain the helicity correlator

& Fua(p1, @) = €1,(0) FS™T(a%, p1) + ef() FY (P, i) 3)
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D} — ¢ helicity form factors

@ start with the correlation function
Fuo(prq) = i / dx € (B(pa 5)| T{IY (x), 4 (0)}]0) 4)

@ heavy-light weak current J}' = 5v,(1 — 7s)c and vector current J) = &v,s

@ modify the correlation function by multiplying € to obtain the helicity correlator
& Fua(pr) = 1,(0) F{™H(q, p1) + cha() FSTT(d%, p1) (5)
@ Eq. (4) is considered in twofold ways

T at quark-gluon level in g < 0 by OPE, ~ 3. H;(u, ) ® ¢;(u)

T at hadron level in q2 >0& — m,2;,, sum over intermediate states
t QCD asymptotic behaviour, quark-hadron duality to equal, sg
 to improve the accuracy of duality, Borel transformation, M?

Shan Cheng (HNU) HFCPV2021@JNU November 12, 2021 10 / 23



D} — ¢ helicity form factors ~ OPE calculation

@ OPE is valid for the large energies of the final state meson E,; > Agcp,
0<% < szs* —2mpy Eg ~ m2 —2mex, X ~500MeV <= qg-x ~0,x>~0

@ |g?| €[0,0.4] GeV?, the lower part of 0 < |¢?| < (sz: —mg)? ~1.2GeV?

t |¢?| = O(m?), the virtuality of c-quark decreases to a soft scale, OPE fails

T 16°1, |(p2 + )?| < m?, the intermediate c-quark filed has large virtuality,

4 ) me
LO, S(6,0) = ~HOIT(e(), €O} 0) = [ 2 e :’;t g ®)
NLO,  Of(as) correction with gluon interactions - - -

@ only ¢ meson is on shell, p? = mﬁ,, dispersion intergral in (p2 + q)2

& Fuala ) = e, > FOPEO@ (5 + 9)?) )
. 1
FOPED (@, (g +a)Y) = 3 /0 duT P (u, 2, p2)6™ ()
OPE, (i), 2
1 1 ImF,
- ey s @
7o ¥ S Culps + a2 — a2 + uim?, + ml]r
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D} — ¢ helicity form factors  hadron interpolation

@ the hadron dispersion relation in p? > 0

o 4 1m FO)(q?, 5) oo ph (g% )
o F,La(q p / 1a . = m2 7 / p—— (9)
1 Ds* 1 1
21m & Fpua(a, p1) = & (3(p2, €3)|J} ()] DI (e1, p)YDZ (5, p1)|JY (0)[0) + - - - (10)

@ the matrix elements
(D;H (P, €])[5vacl0) = efumpy fx (1)
(@(p2, )59 clDS (er 1)) = (1 €3) [PruVi(a)) = popVa(a))] + -+ (12)
@ introduce the helicity form factors

]:(Disz*”¢(q2 > 0) = & (p(p2, e;)|JZV\D:(61VP1)> (13)

@ isolate the ground state contribution

ela( )mD* oz Fu Z‘H<>(q2 > 0) 0 b2 > 0, 5)

oo
et Fua(‘?: p1) = Z > +/ ds 1372 . (14)
i Mpx — 4 0 S— P
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D; — ¢ helicity form factors  duality

@ the same correlator in OPE calculation Eq.(7) and hadron interpolation Eq.(14)
@ QCD property, like Fx(q*) and Gx(s) have the similar asymptotic behaviour

@ semi-local duality s =s(q? u) = am}, + (mZ — iq°)/u

OPE,(i)(

1 [oo u?(s) e, ImFy 7, s)
™ /50 *126) 2

™ my = a2+ mZ] T un(s)[s — (p2 + 9)2]"

o ph) (2
) ) :/ dsw (15)
42, (py+q)2<0 s s—p?
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D; — ¢ helicity form factors  duality

@ the same correlator in OPE calculation Eq.(7) and hadron interpolation Eq.(14)
@ QCD property, like Fr(g*) and G, (s) have the similar asymptotic behaviour
@ semi-local duality s =s(q* u) = am}, + (mZ — 4q°)/u

OPE, (i)

1 oo w(s) e}, ImFa (% 5) oo pM(g,s)
hal d: = ds 10 16
w /so * [2(o)m2 — a? + ml] 2 e — (a7 4P a0 /50 gy (16)
1 Borel trans. to suppress the pollution introduced by duality
ol 1, Flu) L F() suy/m?
B A - 2
|:/uo du ~ :| /uo du ” e s (17)

’I‘ l"rz’ — m%* — mz = 1.662 GeV?, M2 ~ (’)(usz* +aQ? — uﬁmi) < sp < u%, so ~ (’"D; + X)2
s s

T compromise between the overwhelming ground state and the convergent OPE,

0 2 _
d(l/M2)1 Fprg(a’) =0 (18)
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D; — ¢ helicity form factors  duality

@ the same correlator in OPE calculation Eq.(7) and hadron interpolation Eq.(14)
@ QCD property, like Fr(g®) and G, (s) have the similar asymptotic behaviour
@ semi-local duality s =s(q% u) = am}, + (mZ — iq°)/u

OPE, (i)

1 foo u?(s) €5, ImFy (4%, s)
,-/50 ds (2(s) Z

w m =+ ml] S w)ls — (p + 0P

oo "0 s)
2 2.0 ds———5—
q°,(pa+q)% <0 50 s —p1

(19)

1 Borel trans. to suppress the pollution introduced by duality

R i GO Y N C) B 7 V2V
B[/“od A] N /“Od v © ’ 0

“I' u% = mZD* — mg = 1.662 GeV?, M2 ~ O(um2D* + EQ2 - uﬁmi) < sp < u%, sp R~ (’"D; + X)2
s s

T compromise between the overwhelming ground state and the convergent OPE,

4 mF ) (@) =0 (21)
d(1/m2) " bs—e

@ the sum rule with leading power approximation

OPE)(g2 < 0,u) o—s(u)/ M2

L[t MR fo FO) 22
;-/uo R B S )
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D} — ¢ helicity form factors  small recoiling

@ the helicity form factors with small recoiling ¢* € [0.4,~ 1.2GeV?]
@ consider two parameterisations

@ two-pole (BK) mode [Becirevic 1999]

(i) ( (i)
Cpx 1-— Qs >
FO > 0) - 22 - @3
(1_‘72/"’21 (1—°‘Ds*¢>‘72/’"12)1>
@ Zz-series expansion [Bourrely 2008]
; a_(iy () Vi — @2 — \Jty — ¢t
FO > 0= FOT {14 b ) [2(6?) — 200}, 2(e?) = YT — VT D (o
1—q?/mp, Vitr —q? +/ty — 1o
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D} — ¢ helicity form factors

@ 5p=6.8+0.5GeV? and M2 =2.0+0.2GeV?

@ power hierarchy of the form factors: O(1) : O(—%
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Exclusive D} weak decays

leptonic decays
s i = 2.44 x 1072 GeV (25)

@ semileptonic decays

r(o; — ¢lv) GHVesl® 12, » 2 20 2 (i)
= AV (mpy , my,a7) q Ifos*ﬁd,(q > 0)|

dq? N 1927r3mf)5*
2 +0 46 13
9 () e o (21019%) x 1078 qev, BK
Tpx i, = /0 Z dri’(Dg — olvy) = { (2.00 0 242 4 1071 Gev . SSE (26)
@ hadronic decays (naive factorisation)
*+ + Cr ll(+ 0)(
ADgT = dp") = \*@Vcs ay mpf, Z]: @
S (1.20%%1) x 1072 Gev, (28)
C 3 { (6.75247) x 1072 Gev, BK 29)
it —gpt T (6. 65*2 58 ) x 10713 GeV . SSE
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Experimental potential

T
T
.I.
°

2023, 400 fb~! data, reconstruct 2 x 10° data samples of D, and D; at Belle II
phase 3 running (2024-2027), 10ab™", 5 x 10° data sample of D;
clear background

with phase 3 running, the measurement ability of 'px down to
{12.2,1.05,0.65,3.38} x 107® GeV in the leptonic, semileptonic and hadronic
channels, respectively

lattice result 7 x 1078 GeV [HPQCD 2013] 50ab™! at Belle Il is hottest expected

LHCb ? [talk from Liang Sun]
BESIII ? [talks from Cong Geng and Bai-qian, Poster Presentation from Ziyi Wang]
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Experimental potential

t 2023, 400fb~! data, reconstruct 2 x 10° data samples of D; and D; at Belle Il
 phase 3 running (2024-2027), 10ab~!, 5 x 10° data sample of D}
1 clear background

@ with phase 3 running, the measurement ability of I'px down to
{12.2,1.05,0.65, 3.38} x 107% GeV in the leptonic, semileptonic and hadronic
channels, respectively

T lattice result 7 x 1078 GeV [HPQcD 2013] 50ab™! at Belle Il is hottest expected

'I' LHCb ? [talk from Liang Sun]
BESIII ? [talks from Cong Geng and Bai-qian, Poster Presentation from Ziyi Wang]

@ with the lattice evaluation of I'px = (0.70 +0.28) x 10° GeV

B(D; — Iv) = (3.48+1.39)x 107>, (30)
(2.2970:80 + 0.92) x 1076, BK

B(DY I = 0.43 31

(D = olv) { (2177975 +£0.87) x 107°, SSE 1)

B — ¢rt) = (274747 +1.10) x 107°, (32)
(6.98+238 +2.79) x 1079, BK

B(D*t + _ 1.43 33

(B = ¢07) { (6.91%23% +2.76) x 107 SSE (33)
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Conclusion

o we study the D} weak decay

@ we discuss the experiment potentials

T first direct measurement of weak decays of vector meson
T shine light on the study of I'ps and gp:p,~ - - -
T new playground to examine SM
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The End, Thanks.
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@ D! — ¢ transition form factors

(¢(p2,€5)|57u(1 — 5)c| D5 (e1, pr))
= (e ) [pua(@) = paa(a)] + LNE D o v(@) + ()]
DZ [
— (@ DEV5(@) + (2 e Vo(@) = ieuwpaces” [pf Au(@®) + p5 Aa(d)]

e[S ) A(e) — (e @) Au(e)] (34)

. b o
+  I€uvpeP1P2 —3
mps« —

D; b
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