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dortmund Introduction

> Radiative decays are of particular interest for BSM searches in the electromagnetic dipole
operators.

» Theoretical studies mainly focused on resonant decays D — Vry
experimental data on D9 — p®/w/K" /@y

» In comparison to the resonant decays D — V', the three-body decays provide more
information due to its decay distributions and angular observables.
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> We covered 14 of 18 decay channels D — PP~ (P = 7, K) which are induced by
dimension 6 operators

CF: D° = a'K’y, D° 7t K—~, DY — 77K 'y, Dy — ntaly, Dy — K+K
SCS: DY s atav, DY 5 KtK—v, DY — ntaly,
Dt 5 K¥K’y, Dy — 7wt K%, Dy — K70,
DCS: DT —» 7t K% Dt - Kta%, D, —» KT K%
Also studied in [Fajfer et al.('02)] and [Fajfer et al.('02)]
» not covered so far
sCS: DO — 7079, DO — KOFO'Y
DCS: DY — x%K%% D° —» Ktn—n

» Dt — K+K% and Dy — ntK 7y are |As| = 2 processes and are not induced by
dimension 6 operators
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» The weak decays can be described by the effective Lagrangian

4 2 , 6 8
Left = % ST VEVL > G0l 13 0,4+ (Gioi+ oY) |
9,9’ €{d,s} i=1 =3 =7

The relevant operators are

’ !’
O\ T) — (wpy, Tq) (G Toe) , O ") = (wpyud)) (@t er)

€Me ,__ €M
O7 = urot’ cr) Fuv , o, = —=
7= Tonz (20" CR) Fuv T 16r2

> (4,2 obtain O(1) values

(ﬂRO'MVCL) FHV

> Cé'_)g can be neglected in the SM due to the GIM mechanism.

» model independent constraints from D — py and D — «lil: |C7(/)| < 0.3 [de Boer,
Hiller('18)] [Bause et al.('19)]

» For BSM scenarios with |C§/) (ANPY > |C’§/)(ANP)|, data on AAcp constraints
lIm(C{)] = Im(C{)| < 2-10~3 [Isodori, Kamenik('12)]
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> Double differential decay rate for D(P) — Pi(p1)P2(p2)v(k,€*) is given by
0 AP 4 A2
dsdt  128(2m)3m3,
s=(p+p2)?, t=(2+k?, u=(p+k)?

f(s,t,mp, m1, ma)

> parity odd (\A_) and parity even (AL ) contributions are defined by the general Lorentz
decomposition of the decay amplitude

A(D — P1P2y) = A_(s,t) [(p1 - k)(p2 - €) — (p2 - k)(p1 - €")]
+ Ay (s, )" P € prapaghky -
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1. Leading weak annihilation contribution with QCDF methods

A4 o Léfplpz(s)

=1

Py

> O —
Cy for D(J;)
7

O)
7
- {301 +%C’2 for D° Do C
J

|

» independent of ¢

> holds for small invariant masses s
2. Soft photon approximation / Low's Theorem

ALow _ CA(D?;) - Pl P2) Low __ 0
T kP kT

3. Heavy hadron chiral perturbation theory extended by light vector resonances
» we replace the model’s own bremsstrahlung by A™" to enforce the
fulfillment of the Low Theorem.
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» HHxPT Feynman diagrams contributing to the decay Dt — 770y within the SM.
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1. (Differential) branching ratios

2. Forward-backward asymmetry

1, t,
AFB(S) _ ft,:jn dsdt f e dtdsdt
ot 4t 42T L d2r
ft:l dsdt + f e dtdsdt

tmin <t<th <+ 0< COS(GQW) <1

3. CP-asymmetry

2 2T
Acp(s) :/dmcp(& t), Acp(st)= 1 (d r_d F) .

T+T \dsdt dsdt
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: - Single differential branching ratios in
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» Arg = 0 in QCDF due to the independence of ¢
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> About a factor of 1000 larger than the SM predictions

» Constraints from AAcp yield a suppression factor of 50 —»still 20 times larger than SM
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> CF SM-like decays are well-suited to test QCD frameworks with (differential) branching
ratios

> D — 19K’y (CF), Dy — nt 7% (CF) and DT — K+ 7% (DCS) are well-suited to test
QCD frameworks with Apg

> Best decay channels for testing the SM with Apg are D — 7~ v, Dt — 7t 70 and
Dy — 7T K0y

» CP-asymmetries are the most promissing observables to search for new physics.
Double differential CP-asymmetries are beneficial to avoid cancellations.

> With branching ratios of O(10™%) and O(107?) for the CF and SCS decays, ~ 10% and
~ 10 unreconstructed events can be expected at Belle Il (with 50 ab™1)
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