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INTRODUCTION
Motivations
Quasi-two body factorization

Hadonic three-body heavy-meson decays interesting

@ Belle and BABAR comprehensive Dalitz plot analysis

— Partial wave analysis of decay amplitudes

— Hadronic physics: constraints on final state meson-meson
interactions
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Belle and BABAR comprehensive Dalitz plot analysis

Partial wave analysis of decay amplitudes

Hadronic physics: constraints on final state meson-meson

interactions

@ Weak - strong phase difference = matter-antimatter CP
asymmetry: e. g. direct Agp[p°K*] = 0.30 4 0.14 Belle &
BABAR Collaborations

@ W-boson exchange + my, large — systematic perturbative
calculation: QCD factorization (QCDF) - but final state
strong interaction important source of uncertainties

= B — M;M, decays well described by QCDF based on an

expansion in ag(Q?) and Agcp/mMp

[cf. e.g. M. Beneke, Nucl. Phys. B (Proc. Suppl.) 170, 57 (2007)]
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Belle and BABAR comprehensive Dalitz plot analysis
Partial wave analysis of decay amplitudes
Hadronic physics: constraints on final state meson-meson
interactions
@ Weak - strong phase difference = matter-antimatter CP
asymmetry: e. g. direct Agp[p°K*] = 0.30 4 0.14 Belle &
BABAR Collaborations
@ W-boson exchange + my, large — systematic perturbative
calculation: QCD factorization (QCDF) - but final state
strong interaction important source of uncertainties
= B — M;M, decays well described by QCDF based on an
expansion in ag(Q?) and Agcp/mMp
[cf. e.g. M. Beneke, Nucl. Phys. B (Proc. Suppl.) 170, 57 (2007)]
@ Such studies could allow to test Standard Model and QCD
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INTRODUCTION
Motivations
Quasi-two body factorization

QCD factorization for B — M; M,

— Systematic approach : Factorization and perturbative expansion within QCD in
terms of small parameters Agcp/mp and as:

(M e Hen|B) = Vo 3 C10) (s Me O, 1) )

Vexm: quark mixing couplings, Gr = 1.166 x 10~% GeV—2: Fermi coupling
Ci(n) Wilson coefficient (W exchange); renormalization scale: © ~ my et /mpAgcp
O; left-handed quark current-current operators; Large W mass + OPE

| Factorisation : (MyMp|O;(12)|B) = (My]41]0) (a5 B) [rna + O(Agan/ms)] |
Radiative corrections:

\
At the weak vertex — JM 43&?/7

Hard gluon exchange 7\534

with the spectator quark
—

nnnk
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INTRODUCTION
Motivations
Quasi-two body factorization

QCD factorization for B — M;M>Ms

@ No derivation for B — M; M. Ms, but in B rest frame:
My, Mz, M5 ~ aligned: M; M. ~ same direction if my,m, < 2 GeV
= quasi two-body B — [M;Mz]Ms with [M; M:] from qq pair
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INTRODUCTION
Motivations
Quasi-two body factorization

QCD factorization for B — M;M>Ms

@ No derivation for B — M; M. Ms, but in B rest frame:
My, Mz, M5 ~ aligned: M; M. ~ same direction if my,m, < 2 GeV
= quasi two-body B — [M;Mz]Ms with [M; M:] from qq pair

@ B [r"n7]K: B— £(980)K, B — p(770)°K
[B. El-Bennich, A. Furman, R.Kaminski, L. Leéniak, B. L., Phys. Rev. D 74:114009, 2006]
B — [KnF|nT: B — K;(1430)7, B — K*(892)m
[B. El-Bennich, A. Furman, R. Kaminski, L. Le$niak, B. L., B. Moussallam Phys. Rev. D 79:094005, 2009]
— short distance physics: perturbative QCD - leading order (LO) +
next-to-leading order (NLO) vertex and penguin corrections + four
complex free parameters fitted to B — K™ (892)7 branching ratio and
CP asymmetries (Belle and BABAR Collaboration)
— long distance physics: non-perturbative QCD K* — K, described,
as a consequence of QCDF, by K= scalar and vector form factors
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1 F
B — [Kn™]n ™ decays B — [Knt]x— amplitudes

Scalar and vector K form factors

Effective Weak Hamiltonian

@ The decay amplitude of the B — [K7*] =T processes are
given by
<7TJF[K7‘i”Heff‘B>
where Hgy is a sum of local operators O; multiplied by the

product of the short range Wilson coefficients C;(.) and
the CKM matrix elements:

10
G . %
Herr = 7\fg Vi Viis(C1 (1) Off + Ca(11)O8) — Vin Vi > Ci(11) O;
i—3
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Os; and Oy in QCD factorization

@ Factorization:

(m (K~ 7")|C303+Cy Os|B™) = aa(m [dy" (1 —7°)b|B™ ) (K~ 7" [y, (1 —~°)d]|0)

1
ay = Ca(p) + WCS(M) .
(o]
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Os; and Oy in QCD factorization

@ Factorization:

(m (K~ 7")|C303+Cy Os|B™) = aa(m [dy" (1 —7°)b|B™ ) (K~ 7" [y, (1 —~°)d]|0)

1
ay = Ca(p) + WCS(M) .
(o]

@ Bto 7 transition:

(17 (Pr-)ldv* (1 — 75)bIB™ (Pg-))

Mg — m2 M2 —m2
= [(ps P ) = =g | PTG+ =g R ()

q=Pg— = Pr— = Pxk— + P+

{ FB—=7(q?) : Bm scalar (transition) form factor

FB~7(g?) : Bm vector (transition) form factor

B. Loiseau 4 - llhaBela - Sao Paulo, August 31, 2015 - 7



1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Quark current product

@ K transition to vacuum:

(K™ (=) (P4 )8 (1 — 5)d|0)

me — m? — o+ me — m? — .+
K K 2 K K 2
= [(pKf TPrtde T 5 Tau|fi T (@) + T’“qufo B CoN
e () : Ku strange scalar form factor
f((7 wt (qz) : K strange vector form factor
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Quark current product

@ K transition to vacuum:

(K™ (=) (P4 )8 (1 — 5)d|0)

m — m? — ot m — m? -t
K K 2 K K 2
= |:(PK— —P,\.+)u - Tﬂ-q” fi (%) + Tﬂfmfo (g .
e () : Ku strange scalar form factor
f((7 wt (qz) : K strange vector form factor

@ Product of the bilinear quark currents:

(7 1dy" (1 = v5)bIBT (K™ 7t Sy, (1 — 45)d]0)

2
B, 2\ K™ xt 2 2 o M —m
=R T (g )(n/lE,—m,,)iK‘72 =
2 2
B—m, 2\ K mt, 2 2 2 2 2, Mg —m
+Fr @ TG (M —m *(’\/75*"7”)7‘72 =1,
2 — m?
" 2 2 2 2\ Mg —
with m_ _ —m", _ — (Mg —m) % =4p+ P~ =4lp+|Ip, —|cosb,
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Complete weak effective Lagrangian

@ Amplitude for K= S-wave:

o _ GF . > > My — me.
Mg = (r" [K™ 7" ]g|Hey|B™) = E(MB - ’"W)KT
- -4 (S o (S
x FE =7 (@) (qz){)\u (a:(S) - —a“’z( ) +c§) 4 e (aﬁ(S) - —a“’z( ) +c§> -
2q2 u ag(s) u c ag(s) c
_ (mib g — [Au <as(S) B + 05> + Ae (aG(S) - + ¢ } s
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Complete weak effective Lagrangian

@ Amplitude for K= S-wave:

o _ GF . > > My — me.
Mg = (r" [K™ 7" ]g|Hey|B™) = E(MB - ’"W)KT
- -4 (S o (S
x FE =7 (@) (qz){)\u (a:(S) - —a“’z( ) +c§) 4 e (aﬁ(S) - —a“’z( ) +c§> -
2q2 u ag(s) u c ag(s) c
_ (mib g — [Au <as(S) B + 05> + Ae (aG(S) - + ¢ } s

@ Amplitude for K= P-wave:

Mp P Pos = (nm (K w'1p|Hoy|B™) = 2V2Gep__ P+

- _ _ u C
x FY 7T (@) ”(qz){xu (aﬁ(P) - a“’T(P) + cX) +Ac (aﬁ(P) - a“’T(P) +c§) +
Ve i o B, oo B,
+2m7bﬁ [/\u (ae(P)— T+cs + e | ag(P) — 5 +cg }
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1 F
B— [Kn¥]rT decays g 1kt 1n— amplitudes

Scalar and vector K form factors

Complete amplitude

o Effective coefficients &7(S), a’(P): QCD O(as) vertex and
penguins corrections.

@ ¢, cf, ¢g, c¢§: phenomenological penguin parameters.
@ Complete amplitude : M~ = Mg+ Mp pr— - Prt -
@ By amplitude: tree diagram a; contribution.

@ B*, By amplitudes: from B~, By with Vo — Vi, -
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1 F
B — [Kn™]n ™ decays B — [Knt]x— amplitudes

Scalar and vector K form factors

Scalar F2~7(g?) and vector FB~7(g?)

Contains non-perturbative physics from hadronization of quarks currents

@ Light-cone sum rules: A. Khodjamirian, T. Mannel, N. Offen, PRD75: 054013,2007.
@ Light front: c-D. Lu, W. Wang, Z-T. Wei, Phys. Rev. D76:014013, 2007.
@ Lattice-regularized QCD: k.c. Bowler et al., UKQCD Coll. Nucl. Phys. B619:507-537, 2001.

@ Quarks models:
@ non-relativistic: C. Albertus et al., Phys. Rev. D72:094022, 2005.
@ relativistic: D. Ebert, R.N. Faustov, V.O. Galkin, Phys. Rev. D75:074008, 2007.

@ Double dispersion relation: b. Melikhov EPJ direct C2:1, 2002.
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ES
B — [Kn™]n™ decays B — [K7xt]x~ amplitudes
Scalar and vector 7K form factors

Fo(mk:(1430)) and F(mk-(892))

Form Factor
IV
T
&)
—
—_
Q Q
N
I

B-m form factors

1l

0 1 2

q* (GeV?®)

Schwinger-Dyson equation in QCD: M. A. lvanov et al., Phys. Rev. D76:034018, 2007.
Here we use FO(mKO* (1430)) = 0.266, F1(mk~=(892)) = 0.25.

B. Loiseau llhaBela - Sdo Paulo, August 31, 2015 - 12




0 F
B — [Kn™]n ™ decays B — [Knt]x— amplitudes

Scalar and vector K form factors

Strange scalar and vector K= form factor

@ Appear also in semi-leptonic decays: 7 — Knv,, K — wtve - - -
@ Accurate information on 7K scattering available:

= K p— K 7©n@1aevi) D. Aston et al., LASS Coll., NPB296:493,1988.
= Ktp— Ktrtn, KEr~ AT (13Gevic) P Estabrooks et al., NPB133:490,1978.

@ Analyticity + unitarity + Kn scattering + dispersion relation: fo’ff”(qZ) .

@ Constraints: chiral perturbation calculations + QCD asymptotic counting
rules.
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0 F
B — [Kn™]n ™ decays B — [Knt]x— amplitudes

Scalar and vector K form factors

Scalar form factor: two-channel (K=, Kn’) Mukhelishvili-Omnés equation system

@ Witht = (pK — pﬂ/)z = q2
- +,'/ +,'/
(K* [Ty sln’) = 157 (0)(Pk + Py ) + 17 (1)(Pk = Py )"
= Coupled channel involves:

Fi(t) = V2 ity = 1 (),

> i
3| m —m2 m2 —m2

m2 - m2/ + 7 + .7
Fat) = 1/ 2 [K O e a—
K K

@ Dispersion relations (t; = (mk + mx)2, & = (mk + m;)?):

e m F(t)dt!
Filh =7 /(,,,ﬁ,,,K)z t—t =12

im Fy(0) = ot~ 1) 2220 73,0 i )+ 00 - 022D T )

Im Fo(t) = O(t — t1)2q'\(/’%(t) Tio(t) Fr(t) + 0(t — tg)zc”{i\"f;(t) Tao (1) Fa(t)
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B — [KnE]xT decays

B — [K7xt]x~ amplitudes
Scalar and vector 7K form factors

Strange scalar form factor £ ™' = Fi(t) = |F1(t)| expigq(t)

35 250
5 fr/fr=1203 = === )
fi/fr=1.193 S )
frc/fr = 1183 ~neeeen AV 200
25 \ —
£ 150
g 2 R
= =
oW s 100
1
......... 50
st R\
0 . 0
0 0.5 1 15 2 2.5 0.5 1 15 5 25
Vi (GeV) VI ( GeV)

@ Variation with input at Cheng-Dashen point,
Fi(Axr = mz — m2) = fx/f —3.1 x 1075,

@ Agreement with M. Jamin, J.A. Oller, A. Pich, Nucl. Phys. B622:341,1990 and
M. Jamin, A. Pich, J.Portoles, Phys. Lett. B640:176-181,2006.
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B — [Kn™]n™ decays B — [K7xt]x~ amplitudes
Scalar and vector 7K form factors

Strange vector form factor £~ 2 Hi(t) = |Hi(t)| expigi(t)

0 0.5 1 15 2 2.5 0.5
Vi (GeV) Vi (GeV)

@ Three-channel, Km(H;(t)), K*n(Hz(t)), Kp(Hs(t)) Mukhelishvili-Omnés
equation system.

@ Variations with the flavor symmetry breaking parameter a,
Hp(0) = (1.41 + 0.09 — 65.48) GeV ', H3(0) = (—1.34 + 0.07 — 654a) GeV .

@ Used with success in 7 —+ Knvr and 7 — Knwy,, B. Moussallam, E.P.J.C. C53:401,
2008.
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ES
B — [Kn™]n™ decays B — [K7xt]x~ amplitudes
Scalar and vector 7K form factors

m., distributions in B¥ — KErtxF

L R B B B 200
B* » K* n7 7*
150 - =
%\ %150 r B
<] &)
<
100 | -
= S100 4
Z e
n >
a L -

250 - 5 [ i ]
8L 800 I} ]
. Vg SN

A N S e e W 0 el ) e e g
0.6 08 1.0 1.2 14 16 0.6 0.8 1.0 1.2 14 1.6
m, - (GeV) my, - (GeV)

Belle data PRL96:251803, 2006 = BABAR data PRD78:012004, 2008

— — S — wave of our model

------ P — wave of our model
Histogram sum of S and P waves
@ Dominance of K*(892), K*(1430) - x(800) visible
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0 F
B — [Kn™]n™ decays B — [Knt]x— amplitudes

Scalar and vector K form factors

Parametrization of B~ — [K~ 7]~ amplitude

@ To constrain Dalitz-plot analyses, we suggest the parametrization, with
rk= = fx/fx), and ¢y, ¢y free complex parameters,

s (r0) = 5 (1) 6 () (13 +0)
K

@ Based on our QCDF amplitude ( g2 = m2. )

- m2
Mg = (K-l Hon|B™) = 5 (M — m2) T x

xFE 7™ () fo’“”(qz){xu (af{(S) - @ ¥ cf() Iy (aﬁ(S) - 3100253) + c;g)

. 2¢? v O L, o &)
oyt~ | (B9~ 5 ) e (a9 - B2 vt )] ]

= It will take into account energy dependance from weak amplitude and decribe
the contribution of the very broad K;(800) and wide K (1430) resonances
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Motivations
Quasi-two-body channel amplitudes

D% — Kdntm—
— Kgm™ m~ decays Scalar and vector 77 form factors

High-statistics data from Belle and BABAR Collaborations

@ Factorizaton less predictive [m; ~ 1.2 GeV]

=- Approach with Wilson coefficients phenomenological: possible
importance non-factorizable corrections

(K° + K°)
V2

= D°-D° mixing measurements by Belle and BABAR ( + LHCb)
Collaborations: test of Standard Model.

@ CP self-conjugate decay: K2 ~

@ Cabibbo-Kobayashi-Maskawa (CKM) angle ~ from analyses of
B* — D°K*,D° — KZh"h~(h = 7, K).

@ Publication: J.-P. Dedonder, R. R Kaminski, L. Le$niak and B. Loiseau,
Phys. Rev. D 89, 094018 (2014), Dalitz plot studies of D° — sz T
decays in a factorization approach.
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Motivations
Quasi-two-body channel amplitudes
Scalar and vector 77 form factors

D% — K3x+m~ decays

Operator Product Expansion + large W mass =- two-body factorization approximation

‘ Factorization: (MyMa|O;()|D°) = (Myj1]0)(Molj2| D°) + higher order corrections ‘

M;
! M decay constant My
My
wH
: : % . Transition form factor:

D’ My or D M, ~ Do

@ Works well, see e.g.: M. Beneke, M. Neubert, Nuc. Phys. B 675, 333 (2003).
@ No three-body factorization scheme = quasi-two-body approximation:

KOhth= ~ [KOhE], hF or KO [T h~ ], with h =7, K e.g.
{My = [7"KOl, Mp =}, {My = [KTKO), Mo = K™}, {My = K, My = [h"h™]}

where the state [mym.]. in L = S, P or D wave originates from a g’q state.
@ For instance, with Ve = Vi Vg = A1z (K® h™ht| He |D°) —

Grhraz (K°I(8d)y—al0) ([ h™101(T)v—alD°) o< ifxopyo-( DOI* h~10|(TE)v—Al0)
Decay constant 1+  Transition form factor 1
@ If My = [+ K°] <+ Form Factor {[xK°].|(Su)y_a|0) : [xT K] interaction
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Motivations
Quasi-two-body channel amplitudes

K3xt 7~ decays
nr y Scalar and vector 77 form factors

Do —
= (Pp+ + Pp- )2

my

Form factor for [mymy], in a L(S, P or D) wave [s+ = (py+ + Pko)<, So
Transition form factor:

” - ” l) i <

@ Contribution of resonances, e.g. from qu, in a given [mymy]; channel
(Imma] @)y alD°) = Z FO°RL(m2,)Gr, (s) { A" D)
F™M™M2(s).

o~ CFILXZFD AL(mzy) ([m1 molL|(q)y—al0) = cp xFO R (m, ) FL

AL

Vertex function G, (s) = x ([mma].|(qT)v_al0) and cg, = <R[L”’1 m2]|qD>

mi(i = 1,2,3): K(K®), h*; R;: dominant resonance; s = (p1 + p2)?.

@ WithL=S,qg=u,mg=K%my=n",mp=n",Rs=1(980),cp=1/V2:
il VOT G 0 T

T,ﬁa?:ifa]o “Uso.s-,51) = —?F ax Ay x (2o —50) fio Fy P& (m2o) F§™ (s0)
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Motivations
Quasi-two-body channel amplitudes

K3xt 7~ decays
nr y Scalar and vector 77 form factors

Do —
= (Pp+ + Pp- )2

my

Form factor for [mymy], in a L(S, P or D) wave [s+ = (py+ + Pko)<, So
Transition form factor:

” - ” l) i <

@ Contribution of resonances, e.g. from qu, in a given [mymy]; channel
(Imma] @)y alD°) = Z FO°RL(m2,)Gr, (s) { A" D)
F™M™M2(s).

o~ CFILXZFD AL(mzy) ([m1 molL|(q)y—al0) = cp xFO R (m, ) FL

AL

Vertex function G, (s) = x ([mma].|(qT)v_al0) and cg, = <R[L”’1 m2]|qD>

mi(i = 1,2,3): K(K®), h*; R;: dominant resonance; s = (p1 + p2)?.

@ WithL=S,qg=u,mg=K%my=n",mp=n",Rs=1(980),cp=1/V2:
il VOT G 0 T

T,ﬁa?:ifa]o “Uso.s-,51) = —?F ax Ay x (2o —50) fio Fy P& (m2o) F§™ (s0)
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Motivations
D% — KOt n— decays Quasi-two-body channel amplitudes
S Scalar and vector 77 form factors

Form factor for [mymy], in a L(S, P or D) wave [s+ = (Py+ + Pko)?, So = (Pt + Pp-)?]

@ Contribution of resonances, e.g. from qu, in a éiven [mymg], channel:
_ 0 _
(Imma] @)y alD°) = > F2e(m )G, (s) (R™ ™ g )
; F™M™M2(s).

0 L _ 0 7
~ cr,x Y FP AL (mp) (Imime]L|(qT)v—al0) ~ ca xFP - (m?, ) F]
AL

Vertex function G, (s) = x ([m1ma].|(qT)v_al0) and cg, = ( RI™™!|q
mi(i = 1,2,3): K%(K®), h*; R, : dominant resonance; s = (py + p2)?.
@ WithL=S5,9=u,mg=Km ==t my=r",Rs =1,(980), c;, =1/V2:
ibbo Favor G DO1(980 it
Tho o (0.5 84) = =25 a2 Ay x (Mo —s0) o Fy "% (mieg) F ™ ()
— Form factor Fg’“’* (s0) includes contribution of f,(500), f,(980), f,(1400)
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Motivations
Quasi-two-body channel amplitudes
Scalar and vector 77 form factors

D% — K3x+m~ decays

Form factor for [mymy], in a L(S, P or D) wave [s+ = (Py+ + Pko)?, So = (Pt + Pp-)?]

UG

Contribution of resonances, e.g. from qu, in a éiven [mymg], channel:
_ 0 _
(Imma] @)y alD°) = > F2e(m )G, (s) (R™ ™ g )
R

0 L _ 0 7
~ crx Y FP R (mp,) ([myme]L|(qT)y—al0) ~ ca xFP P (mZ ) F" ™ (s).
AL

Vertex function G, (s) = x ([mma].|(qT)v_al0) and cg, = <R[L”’1 m2]|qD>
mi(i = 1,2,3): K(K®), h*; R;: dominant resonance; s = (p1 + p2)?.
With L =S, g =u, mg = K, my = n,mp = ==, Rg = 1,(980) , ¢, = 1/V2:

Cabibbo Favored Gr D 1,(980 p——
T}(;[Wfﬂj‘]? I(s0,5-,84) = — 5 @ A x (M —0) fo g 08 (m2,) F§' ™ (s0)

Form factor Fg’“’* (s0) includes contribution of f,(500), f,(980), f,(1400)
If a resonance is largely dominant, like the p(770) in [x*7~]p then x o 1/f,
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Motivations
Quasi-two-body channel amplitudes

D% — Kdntm—
— Kgm™ m~ decays Scalar and vector 77 form factors

Dominant resonances in the quasi-two-body channel amplitudes for D® — Kgfrﬂr*

Table: CF and DCS quasi-two-body channel amplitudes

Amplitude Quasi two-body  Dominant Form Factor
channel resonances
My : CF(Tr+An) [KQr—]smt K3 (800)~, K (1430)~ FRm(s2)
Moy CF+DCS(Tr+An) K2 [rtn~]g 0(500), ,(980), f,(1400) FI™(s0)
Mg, : CF(Tr+An) [Kn~=]pm™t K*(892)~ Fm(s-)
My, CF+DCS(Tr+An) K2 [rt7~]p p(770)° Fr™(so)
Ms,: CF+DCS(Tr+An) K2 [rt7~ o w(782) Breit-Wigner
Meg: CF(Tr+An) [K3n~]pnmt K3 (1430)~ Breit-Wigner
Mz, CF+DCS(Tr+An) Kg [=7~1p £(1270) Breit-Wigner
Meg,.: DCS(Tr+An) [Ke7rH)gm™ K5 (800)T, K;(1430)* FE™(sy)
Mey,.: DCS(Tr+An) [KenT]pm™ K*(892)* F™(sy)
Mo, DCS(An) [Kent]pm™ K5 (1430)+ Breit-Wigner

Here: s+ = (p,+ + PKo)Z, So = (Pt +P7r)2
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Motivations
Quasi-two-body channel amplitudes

D% — K2t 7~ decays
T nsT T y Scalar and vector 7 form factors

()% (59) o ([l [nA(s8)[0) and T (sp) ox ([KK]s [nA(s8)[0) with nf = (ull + dd)//2

@ Model: relativistic 3-coupled channel equation

(O = ROE) D ROEH(E), =123
j=1
b 1 k.2+n2
Hi(E) = /(2 3 Ti(E, ki, p)

—24/p2-1-m2 +ie PZ"‘H
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Motivations
Quasi-two-body channel amplitudes

D% — K2t 7~ decays
T nsT T y Scalar and vector 7 form factors

()% (59) o ([l [nA(s8)[0) and T (sp) ox ([KK]s [nA(s8)[0) with nf = (ull + dd)//2

@ Model: relativistic 3-coupled channel equation

(O = ROE) D ROEH(E), =123
j=1
1 k.2+n2

Sp
Hy(E) / TH(E. ki, p)
(2 _2/p2+m2 ,epz-‘rﬁ

@ E = /5; poff-shell momentum; i,j = 1,2,3: ==, KK, effective (2r)(2r)
channels; CMS k; = ,/s/4 — m/?, my = My, My = Mk, M3 = M(2,) = 700 MeV.
— For the T matrix: solution A of R. Kaminski, L. Le$niak, B. Loiseau, Eur. Phys.
J. C9, 141 (1999).
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Motivations
Quasi-two-body channel amplitudes

D% — K2t 7~ decays
T nsT T y Scalar and vector 7 form factors

()% (59) o ([l [nA(s8)[0) and T (sp) ox ([KK]s [nA(s8)[0) with nf = (ull + dd)//2

@ Model: relativistic 3-coupled channel equation

(O = ROE) D ROEH(E), =123
j=1
a3 1 k'2+'{2
Hy(E) = /#Tij(Eykhp) ]

E—2\/p2 +mP 4 ic PPt n?

@ E = /5; poff-shell momentum; i,j = 1,2,3: ==, KK, effective (2r)(2r)
channels; CMS k; = ,/s/4 — m/?, my = My, My = Mk, M3 = M(2,) = 700 MeV.
— For the T matrix: solution A of R. Kaminski, L. Le$niak, B. Loiseau, Eur. Phys.
J. €9, 141 (1999).

@ — RI(E) = (o + 7" E + WV E2) /(1 + cE*), i = 1,2,3, production
functions.
— Fitted parameter ¢ controls high energy behavior.
- a,f’(s), T,.”(S), ,”(s) calculated requiring F”(S to satisfy low energy behavior of
one loop calculation in NLO chiral- perturbanon theory.
— Function (k? + x%)/(p? + x?), = 1 on shell, — convergence, x to be fitted.
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Motivations
Quasi-two-body channel amplitudes
Scalar and vector 77 form factors

D% — K3x+m~ decays

Unitary scalar-isoscalar 7 form factor F™™ (o< ') used in our model for Do — ngﬂr*

£,(500)  £,(980) f,(1400) £,(500) £,(980) £,(1400)
. SN SN SN
25 | i 300
- 250
=20 [ ) b
& 12 %00 F
{: 15 - d s
g 15 10 |
« 10 F 1R
|§ 1% 100 F
05 F 18 s f
r /_-—’ ~ zﬁ ;
0'0'....|....‘|....|\.‘.~' ) J S <« I A
0.0 05 1.0 15 0.0 05 1.0 15
m, (GeV) m, (GeV)

= F§™(m): unitarity + analyticity + == data. Dark band: variation when (= 306. & 3.
MeV) and ¢(= 0.29 4 0.02 GeV—*) vary within their errors. Dashed line: xk = 2 GeV
¢ =19.5GeV—*[B — 3m, J.-P. Dedonder et al. Acta Phys. Pol. B 42, 2013 (2011)].
Dotted-dashed line: Moussallam calculation [Eur. Phys. J. C. 14, 111 (2000)] using
Muskhelishvili-Omnés equations
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Motivations
Quasi-two-body channel amplitudes

D0 — K3z
7w decays Scalar and vector 7 form factors

K7 and 77 vector form factor used in our model for DO — Kgfrﬂr*

@ Mass and width of the K*(892) meson are free parameters
entering also in the K= vector form factor taken from the Belle
Collaboration fit to the 7= — K2n~ v, decays
Contributions of K*(892) and K*(1410) resonances taken but
not that of the K*(1680)

@ Alternatively to this experimental parameterization we use the
model of the K vector form factor of D. R. Boito et al. [JHEP
1009, 031 (2010)] in which some constraints from analyticity and
elastic unitarity are incorporated

@ Two types of the pion vector form factor tested:
- the experimental parameterization used by Belle Collaboration
[2008] in the data analysis of 7~ — 7~ 7%, decays
- the unitary parametrization of Hanhart [PLB 170, 710 (2012)]
which also fit the 7= — 7~ 7%, data
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Motivations
Quasi-two-body channel amplitudes
Scalar and vector 77 form factors

D% — K3x+m~ decays

Fit to Belle Dalitz plot and distribution of x2 values larger than 4

30 F 4 30 F
25 25 |
L o20f 20 F
[5) L Jo L
<) r B& L
~ 15 - ~ 15 y
+ L + L
n - n .
10 F 1o [
05 [ 05 [

P SRS USRS SR A 1 P TSI BT SRS U U TS U S S N S SR |

05 10 15 20 25 3.0 05 10 15 20 25 30

s (GeV?®) s (GeV?®)
K*(892)~ 1. Fit to Belle Dalitz plot data Black square: x? > 4
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@ Use of quasi-two-body factorization approximation and unitarity constraints to
describe the final state meson-meson interactions in hadronic three-body
heavy-meson decays
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SOME CONCLUSION

@ Use of quasi-two-body factorization approximation and unitarity constraints to
describe the final state meson-meson interactions in hadronic three-body
heavy-meson decays

@ In the study of three-body B — [K7*]xT and D° — K2n*n~ decays the scalar
(S-wave) and vector (P-wave) Br, K7 form factors built using K=: unitarity + 7K
phases + chiral symmetry + QCD - scalar K (1430) and vector K*(892)
dominance - replaces Isobar model in Dalitz-plot analysis.
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SOME CONCLUSION

@ Use of quasi-two-body factorization approximation and unitarity constraints to
describe the final state meson-meson interactions in hadronic three-body
heavy-meson decays

@ In the study of three-body B — [K7*]xT and D° — K2n*n~ decays the scalar
(S-wave) and vector (P-wave) Br, K7 form factors built using K=: unitarity + 7K
phases + chiral symmetry + QCD - scalar K (1430) and vector K*(892)
dominance - replaces Isobar model in Dalitz-plot analysis.

@ InD® — ngﬂr* decays final state strong ngi and # 7~ interactions in S, P
and D states described through corresponding form factors including many
resonances.
= Scalar-isoscalar w7 form factor and K scalar and vector form factors
constrained by unitarity, analyticity and chiral symmetry.
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SOME CONCLUSION

Use of quasi-two-body factorization approximation and unitarity constraints to
describe the final state meson-meson interactions in hadronic three-body
heavy-meson decays

In the study of three-body B — [Kn*]xT and D° — K27~ decays the scalar
(S-wave) and vector (P-wave) Br, K7 form factors built using K=: unitarity + 7K
phases + chiral symmetry + QCD - scalar K (1430) and vector K*(892)
dominance - replaces Isobar model in Dalitz-plot analysis.

In D° — K3x+ =~ decays final state strong KQn* and «* 7~ interactions in S, P
and D states described through corresponding form factors including many
resonances.

= Scalar-isoscalar w7 form factor and K scalar and vector form factors
constrained by unitarity, analyticity and chiral symmetry.

Results of the Dalitz plot fit for D — K§7r+7r— compare well with effective mass
distributions of Belle (and BABAR) Collaboration analyses. = In progress Dalitz
plot fit for D° — KZK*+ K~ to BABAR Dalitz plot data [F.Martinez-Vidal, private
communication].
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SOME CONCLUSION

Use of quasi-two-body factorization approximation and unitarity constraints to
describe the final state meson-meson interactions in hadronic three-body
heavy-meson decays

In the study of three-body B — [Kn*]xT and D° — K27~ decays the scalar
(S-wave) and vector (P-wave) Br, K7 form factors built using K=: unitarity + 7K
phases + chiral symmetry + QCD - scalar K (1430) and vector K*(892)
dominance - replaces Isobar model in Dalitz-plot analysis.

In D° — K3x+ =~ decays final state strong KQn* and «* 7~ interactions in S, P
and D states described through corresponding form factors including many
resonances.

= Scalar-isoscalar w7 form factor and K scalar and vector form factors
constrained by unitarity, analyticity and chiral symmetry.

Results of the Dalitz plot fit for D — K§7r+7r— compare well with effective mass
distributions of Belle (and BABAR) Collaboration analyses. = In progress Dalitz
plot fit for D° — KZK*+ K~ to BABAR Dalitz plot data [F.Martinez-Vidal, private
communication].

The theoretically constrained analysis of D% — Kgnﬂr* data + that in progress
for the D° — KQK*+ K~ data will be a useful input in the determination of the
DO-DP mixing parameters and of the CKM angle  +» LHCb Collaboration from
measurements of B?+ — DOK* DO — hth—, (h ==, K).
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SOME CONCLUSION

O; and Os: left-hand current-current operators

@ For instance (o« and S color indices)

Of = Sa7"(1 — 15)Ua®Usv, (1 — v5)bs

U

Sa
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SOME CONCLUSION

O3 --- O10: QCD + electroweak penguin operators

@ For instance

O = Syu(1 = 18)bs@ > Gsru(1 = 75)0a
g=u,d,s,c
W=

bs
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Pole in the scalar form factor 5™ (t)

@ A resonance can be associated with a pole of the scattering matrix in the
complex energy plane on the second Riemann sheet:

57 (1) —0.341 — /1.506
¢pole f) = 0 _ : ty = 1.403 — i0.136 GeV
o a(t—1t))  (0.839+i1.171)(t — tp) Vi

PDG'06: Mix (1430) — IT K5 (1430)/2 = 1.415(6) — i0.145(11) GeV

complete
pole part ——-—--
background --------

06 08 1 12 14 16 18 2
VI (GeV)
Modulus of the scalar form factor £47(t) compared with its pole part f7°°(t)
background - ole
(f 29Oty = (1) — 17 (1)
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Favored and suppressed tree amplitudes in D° — Kgrrﬂr*

= ¢ — sud transition :

o< %a1 (mC)A1 {E VC*S Vud} (EC)V—A (L_‘Id)V_A

e — Vs = Vg = cos ¢ =~ 0.975,
. 7 ¢ Cabibbo angle

_ = 7 Cabibbo favored (CF) tree (Tr) amplitudes:
[K7ls,p,p ™+ K [r7]s.pp + Kw {w— [r7]p
by G-parity violation}

¢ — qus transition :

X

Gr _ i

—ai(me)N\{= VXV, de)y_a (Us)y_

\/51( c)No{= Vg Vus} (de)v—a (US)v—a
= Vg = =\, Vus = A\, XA = sinfg,

Do O ~ = 6 doubly Cabibbo suppressed (DCS) tree (Tr)
_ _ amplitudes as no W coupling to [K7]p state

B. Loiseau
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Annihilation - t-channel W-exchange amplitudes in D° — K2+~

¢ — sud (ct — sd):

Gr 2 _ -
——an(me) cos Oc (5C)y_a (du)y—
“\@2( c) c (8¢)v_a (du)y_a

D W
=- 7 Cabibbo favored annihilation (An)
— ; amplitudes
u @
¢ — dus (cu — ds) :
: . x —%ag(m )sin® 0 (de)y_a (3U)v_a
V2 N N

2l w

(sinfc = 0.225)
= 7 doubly Cabibbo suppressed
annihilation (An) amplitudes

Total of 27 non-zero amplitudes: 13 tree and
14 annihilation

IS
W)
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Branching fractions (Br) for different quasi two-body channels

Table: Sum Br=132.81 % < interferences.
My, K§(800)~, K5 (1430)~; Ma,:f(500), £(980), f(1400);
M37rZK*(892)_; My p(770)0

Amplitude  channel Br tree ann. low
Mz [Kg m~]smt  25.03 +£3.61+0.18 824 +0.10 7.88+0.11
Monr K§[7r*7r+]s 16.92 +1.27 £ 0.02 1470+ 0.17 2.92 4+ 0.09
Mg [Kg T ]pnt 6272+ 445+0.15 2469+565 8.74+297
Myr Kor—nt]p  21.96 + 1.55 4+ 0.06 436 +0.06 6.74+0.04
Msr Kgw 0.79 + 0.07 £ 0.04 0.24 £0.01 0.16 £0.02
Mex [Kg 7 lpmt 1.41 +0.11 £ 0.04
M7z Kg[wvﬁ]g 2.15+0.19 £ 0.10
Megr [Kenrt]gm™ 0.56 £ 0.07 + 0.03 0.07 £0.00 0.29 +0.02
Mor [KenT]lpm™ 0.64 + 0.06 + 0.02 0.77 +£0.15 0.01 £ 0.01
Mior [Kg mflpm~ 0.63 + 0.07 £ 0.11 0 0.63 + 0.11

@ Branching fractions compare well with those of Belle ’s analysis
— Belle BrKg(71 + BrKng(QSO) + BrKga2 + BrKgfo(1370) =18.6% ~ 16.9% value

@ Annihilation contributions can be important
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K3r— effective mass squared distributions (m?

w -

N

10* events/0.02055 GeV?

0 | IR B o aaradl s sl P
05 10 15 20 25 3.0

m? (GeVz)

K*(892)~ 1
=- Our model (solid curve) compared with Belle data (points with error bars).

B. Loiseau - llhaBela - Sao Paulo, August 31, 2015 - 34



Backup slides

SOME CONCLUSION

K2t and nt 7 effective mass squared distributions (m2 = s, and m = s;)

=
n

1.0

0.8

0.6

0.4

0.2

10* events/0.02055 GeV?
U S NS TN T T SN ST SN NN SN S Y S S
10*events/0.02055 GeV?
s b b b by baya o by

0.0 1 1 1 1 1 10 X0 JL . P R A EER P P
0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 1.5 2.0

m? (GeV?) m? (GeV’)

=-Left panel: comparison of the ngJr effective mass squared distributions for the best
fit (solid curve) with the Belle data (points with error bars). Right panel: as in left panel
but for the =+ 7~ effective mass squared.

@ The small shoulder at m(z) = 1.2 GeV? could correspond to the 77 — 17
contribution introduced in Belle’analyzis but not included in our approach.
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