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Introduction I

e D* — rtyt¢~ -the simplest decay with ¢ — uf* ¢~ transition
e FCNC in the charmed sector, enhanced in various BSM scenarios
e in SM the smallness of
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Ad

Vup Vc*b

~0.7x1073
Vud ng

and the CKM unitarity Ay + As + A\p = 0 yield A\g ~ — )y

e two different approximations: GIM limit, A\, = 0, A\g = — s

SUB)y limit, mg = my 4



e effective Hamiltonian

¢ — u transitions in Standard Model I
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OF = (U, DL) (Duy*er) , OF = (Uyut?DL) (Diy tier) , (D=d,s),

e the Wilson coefficients

at u = 1.3 GeV at NNLO:
Cy = 1.034, C, = —0.633,
gl < 0.09, Cg = —0.488, Cip =0

,,,,,

e Hamiltonian in the GIM limit:

High der Wilson ffici forc—u
in the standard model
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e the largest effect beyond GIM limit ~ A, Cg



Decay mechanism I

e Singly-Cabibbo-suppressed (SCS) weak transition
@ e.m. lepton pair emission

annihilation = e y °
(@
d s
d, s loops = <

e the decay amplitude:

167TaemGF) Up(q-)v"ve(a+) (D —nty")
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e hadronic matrix element — a “nonlocal form factor”
cf. B — K¢¢ with a different hierarchy of topologies

+4”r-"/¥ : iq- o =Y, =
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= [(0- au — @] AP (),
e we need this amplitude at 0 < ¢? < (mp — mx)?

e the two topologies:

AD* — ety = (



Employing the U-spin symmetry

|

e adopting, in addition to GIM, also the SU(3)y limit.
e the three Hamiltonians of CF, SCS, DCS form a U-friplet:
(Tryuse) (divter) 1, 41)
o™ = | 1/V2 (@) (A or) — (Bovust) Bovta)] | = ( - 11,0 ) :
(Uryudy) (Scvter)
e adding e.m. interaction does not alter the U-spin properties
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e new relations (two independent U-invariant amplitudes)
A(D+~>7r+'y*)(q2) — 7A(D;r~>K+'y*)(q2) — A(D;r%ﬂ'er*)(qZ) — A(D*%KJr'y*)(qZ)
A(Doﬂko’y*)(qZ) — A(DOHKoﬂ/*)(q2) — _1/2A(D0—>7r0'y*)(q2) + \/§/2A(D0~>n8’y*)(q2)
A(Doﬂnm*)(qZ) = _\/5,4(90H7r°”v*)(q?)7
AP =) () = 0,
e in this limit only the annihilation topology contributes
y pology

e measuring the CF modes, e.g. Ds — (¢~
will allow to disentangle this topology



Use of QCD factorization I

e the method suggested originally for B — K*¢* ¢~ decays
M. Beneke, T. Feldmann and D. Seidel, [arXiv:hep-ph/0106067 [hep-ph]].

e first used for D — pf*¢~ in
T. Feldmann, B. Miiller and D. Seidel, [arXiv:1705.05891 [hep-ph]].

® the loop topology diagram modified to include resonances

(Shifman model of loop-resonance duality)

e a similar method applied to D — w¢*¢~:
A. Bharucha, D. Boito and C. Meaux, [arXiv:2011.12856 [hep-ph]].

® annihilation at LO,

) ; ) = \/

included is only one of the four diagrams 10
(emission from the initiial d-quark) Ep \
® some NLO and nonfactorizable R
corrections to the loop topology ¢ [GsV']

® missing 1/m2 corrections
e.g., use of D-meson distribution
amplitude




What does experiment tell us? I

e Upper bounds from PDG :

Decay mode Cabibbo hierarchy | BR, exp. upper limit [10]

Dt - wtete SCs 1.1x105(=¢)
6.7x 1078(¢ = p)

Dt — Ktete DCS 8.5x 1077 (=€)
5.4 x 10°8(¢ = p)

DO — KOte- CF 24x1075(L=¢)
2.6 x 1074(£ = p)

DO — x0¢te- SCs 4x1075(t=¢)
1.8 x 10746 = p)

DO — nete- SCs 3x1075(t=e¢)
5.3 X 1074(£ = p)

D — y'ete- 8Cs -

DO — KOte- DCS -

D} — wtete CF 55x1076(¢=¢)
1.8 x 1077(¢ = p)

D} — Ktetes SCs 3.7x107%(¢=¢)
1.4 x 1077(€ = p)

Table 1. The D¢y — P¢*t¢~ decay modes and their currently measured upper limits of the branching
fractions.

e Most recent LHCb measurements: [2011.00217]
vetoing the region [525 MeV, 1250 MeV]



Can we isolate resonances ? I
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e The full amplitude represented via hadronic dispersion relation
(modulo subtraction)

. fy|Aps oty |€/PV oo pn(s)
ADT =79 (g2) = VIAptnty Jr/ ds .
(@) V:§J’¢ (mf, —q? —imyTP) ~ Jen 5= g2 —ie)

Ap+-+v - amplitude of nonleptonic D — =V decay , fy - decay constant

e Dispersion relation tells us:
vetoing a certain g2-region does not remove resonances from the amplitude

e the radial excitations of p,w, ¢ and the “tail” at s > (mp — m,)?

are indispensable (cf. pion e.m. formfactor)



The method: LCSR-supported dispersion relation I
e The idea: to calculate A®" ~7 7")(g?) at g2 < 0 from LCSRs
and match the result to dispersion relation
resembling partly the analysis of nonlocal effects in B — K*¢+¢~

AK, T. Mannel and Y. M. Wang [1211.0234], AK and A. V. Rusov [1703.04765],
N. Gubernari, M. Reboud, D. van Dyk and J. Virto, [2011.09813].

The correlation function depending on P2 = (p+ g — k)2, (p + 9)2, ¢°

Fu(p;q,K) = — /d"’x X [ gty e~iPra)y

x(mt (p = R T{jem(x) Hg =2 =) () }0)

finite m;, OPE with pion distribution amplitudes

introducing artifitial four-momentum in the weak vertex
used before in LCSR analysis of B — 27 and D — 27, KK
AK, [arXiv:hep-ph/0012271]

AK, T. Mannel, M. Melcher and B. Melic, [arXiv: hep-ph/0304179, hep-ph/0509049 ].
AK and A. A. Petrov, [arXiv:1706.07780].

e common input with LCSRs for D — = form factors
AK, C. Klein, T. Mannel and N. Offen,[arXiv:0907.2842 [hep-ph}].



the LO diagrams I

e annihilation diagram

(©

® |oop diagrams (factorizable into loop function and LCSR for D — = FF)




getting the LCSR I

e dispersion relation at g < 0 in D-meson channel

_ myipAP T () N /wdspno(s, q?, P2 = m2)
Sh s — (p+ q)2 '

1 /oodSImF(OPE)(s, ¢? P2 =md)
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e quark-hadron duality in D meson channel and Borel transform

e mb/M* 1 y .
/ dse=/MImF(OPE) (s, ?, m3), (2)

A(D+~>7r+'yx) 2y~ -
(q) m2 fD T

e using this result valid at g? < 0 we will fit the unknown parameters

of the hadronic dispersion relation,
using data on nonleptonic D — 7V amplitudes and f,

e going beyond GIM limit is straightforward:

%)(D* 5 wtete) = “j;”;ﬁbcg [06(q4 Yyaie(@)] P [£, ()] .osh



e Numerical analysis at LO in progress,

e what else can be done:

soft-gluon corrections to annihilation
CF modes, ms # 0 in the correlator, pion DA— kaon DA

varying resonance ansatz in the dispersion relation,
including n as well as p’,w’, ¢', employingShifmanmodel

beyond GIM limit: CP-asymmetry, inflating Cy (BSM) etc

e to test SMin these decays: need measurements of the differential
decay rates dI'/dg®(D(s) — P¢*¢~) in the whole g? region



