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Motivation
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o CP violation in multibody decays provides more information
o Study with data-driven model-independent approach

- using “partial” factorization Kraenkl, Mannel, Virto [2015]

- first leading order study
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Dalitz distribution - Kinematics
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Naive-Factorization in three-body decays

Mannel, Virto, Klein, KKV [2017]

At leading order

(m w7 |(@b)v_ax(du)y_alB™) = (x|(du)v_al0) (w7 |(Tb)y_a|B™)

(mmr T |(db)v-ax(Gu)y—alB™) = (x7|(db)v_a|B™)(m 7 *|(du)v-l0)

New non-perturbative input — New strong phases!
e B — 7 form factor (isoscalar and isovector)
o 27 LCDA (isovector only)

- Normalized to time-like pion form factor F;

- Experimentally from ete™ — 7m(7y) data
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Time-like pion formfactor F,(s)

Hanhart, Kubis, Shekhovtsova, Roig, Was, Predzinski
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o No experimental data on the phase available
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Time-like pion formfactor F,(s)

Hanhart, Kubis, Shekhovtsova, Roig, Was, Predzinski
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o Isovector B — mm form factor studied with LCSR khodjamirian, Virto, Cheng

Phase F; = Phase FL=1

B—rnm

o Experimental information on isoscalar form factor?
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Isoscalar contribution

Daub, Hanhart, Kubis, Passemar, Cirigliano
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o F?2 scalar pion form factor (analogous to Fy)
- Dispersion theory, coupled Omnes-equations
- Data on F? only available up to 1.3 GeV
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Isoscalar contribution

Daub, Hanhart, Kubis, Passemar, Cirigliano
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o First study: Fit 5 and ¢ to experimental data
o Information on 3, ¢ from fit to Dalitz projections
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Dalitz and CP Distributions

Mannel, Klein, Virto, KKV [2017]
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Dalitz and CP Distributions
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o Our model only gives Vector-Scalar interferences
o Several extensions of our framework possible
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Outlook

o Study CPV in three-body decays in QCD factorization approach
- Improve description of the unknown (isoscalar) inputs
- Include O(«) corrections
- Include higher-partial waves
- Apply to B — Knm, B — Dnr

o Improved experimental data needed

- Dalitz distributions with background and efficiency correction

Data in different kinematic regions

- Connection with B — 7mfv or B — wwdl

Updated B — pm measurements
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Thank you for your attention
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Decay amplitude

At leading order, leading twist

GF Mx ow
A5£W<<1 = ﬁm% fﬂmilzg(/\U(al + af) + Aeaf) Fe(s12V, C)

+(/\u(32 — 32) — )\CQZ)(2C _ 1)F7T(Sii(:)w)fb(5:1|(:)w) ] ’

e a; as in two-body decay, contain perturbative strong phases O(as)
o Ay = |\|e’” weak phase

e Only 4 inputs that can be obtained from data
- B — 7 form factor f
- Single pion DA gives the pion decay constant f;
- B — 7w form factor F;
- 27 LCDA gives F
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Direct CP Violation

Ao e|Ay|e® + | Ac|e'

e 7 weak phase from CKM
o A, and A, from current-current and penguin operators with
(rmr|(bu)(@d)|B) and {wm|(bc)(ic)|B)

o CPV induced by non-perturbative phases in matrix elements
- B — 7w form factor (isoscalar and isovector)

- 27 LCDA (isovector only)

A — A2 — A2 2| A, || Ac| sin(Ag) sin Ay
PTIAR L AR~ [ALP + A + 2| Ay[|Ac| cos(Ad) cos Ay
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B — 7 Form factor: Isovector contributions

° nght—cone Sume Rule Khodjamirian, Virto, Cheng
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e Reduces to B — p form factor in p-dominace, zero-width
approximation

FIZIO( 26 —1 ABp BpnMp
t (26 = DA \ﬁ(mf) —s—im,lp)
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S-wave form factor model

(17 (ki)m " (ko)|@ul0) = (7~ (ko) (k2)|S®) BWs (S°|au|0)

<50\L7U|0> = fsms , <7T7(k1)7T+(k2)|50> = gSx—rt+Ms

FS( 2) _ 2rnu fsmggsﬂ—ﬂ
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Helicity Angle

k3 . (kl — k2) = lgz—w\/XCOSQ
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Discussion

o Difficult to generate rich structure in CP asymmetry

- QCDF framework and form factors only reliable close to the edges

- Simple scenarios to get qualitative picture

o Additional strong phases generated above charm threshold

o Scenario: Breit-Wigner shape
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Charm model scenario
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