Origin of a large CP asymmetry

In B*—> K*K K*decays
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Motivation

1. Large CP asymmetry in B*¥ — K* K- K* decays for the K* K- effective masses

above the ¢(1020) peak has been predicted in our model developed in 2011
(A. Furman et al., Phys. Lett. B 699 (2011) 102).

2.1n 2013 the LHCb Collaboration has measured the CP-violating asymmetry and
found a large negative asymmetry in the region 1.1 <m? , ,  _,,u < 2.0 GeV?
and m? , « _pien < 15 GeV2 (R. Aajj et al. (LHCb Coll.) PRL 111 (2013) 101801).
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3. Our aim: deeper understanding of the origin of this large negative CP asymmetry.



S-wave amplitudes
B- > KK*K- B*—> K*K-K*

Separation of weak

A_ — /lu |:u + }“C FC transition factors (7"u ) 7\,(:)

A" =/1F, +LF

/1U = Vu b Vu*s j“c — Vcb ch

Vi =V |e_iy CKM angle y = 68° | V, Vg,V ~real
h=4 e g =y A=l e wex0 A4 [~5]

tree + penguin contributions: only penguin contributions:

F =ull +uly F =c Iy +clI;

I'," and I';® are scalar non-strange and strange kaon form factors.

tree contribution dominates in F, ¢, and ¢, arecomparable

[u.I;" | >> |uI3 |



Coupled channel model of the scalar-isoscalar form factors

3 coupled channels: n© nn (n* n, n° n°) - index 1
K K (K*K, K°K°) - index?2
effectived n (c G orp p)- index 3
Bk (T
6 scalar form factors: |I['" =| [ [ =| I, | | « kaon form factors
s T5)
n - non-strange s - strange

9 amplitudes of meson-meson interactions:

T K o
T11 T12 T13 n
T= T21 T22 T23 K
T31 T32 T33 e}

Refs: R. Kaminski, L. Lesniak, B. Loiseau, Phys. Lett. B413 (1997) 130 [meson-meson amplitudes]
J.-P. Dedonder et al., Acta Phys. Pol. B 42 (2011) 2013 [scalar form factors]. 4



Matrix integral eqguations for the

scalar form factors
3 coupled channels: 77, KK, effective 47 (oo or pp)
™ =R"+TGR"
" =R°*+TGR®

R;"* — production functions, T —3x3 matrix of amplitudes

G 0 0
G=0 G, O Green’s functions
0 0 G,

n,s n,s n,Sge—2
a; " +7j "BE+w,E

R,"(E) =
i (E) 1+ cE*

j=12,3

E :mmr :mKK :m47l'

The parameters Ocjn’s, Tjn’s, 6()J-n'S are calculated using the chiral perturbation model.
The fitted parameter c controls the high energy behaviour of R;.



origin of a large CP asymmetry

AP AT
[A*+ AT

Ace

2Rsin(g, —¢,)sin(3, —4,)

~ 1+ R%+2Rcos(p, —¢,)cos(s, —3,)

F,=IF e | | F=|F e

C u S n
| A, | |F |

A6 =45 forl<m’ <15 GeV’

2 2
~0.02 for m . ~1.2 GeV

NPT
A

I =|T" | e

an* = | an* | e

difference of strong amplitude phases

R~1—> max| Ay |

0, — @, =y =68

Result: large A.,~-0.5 forthe S-wave amplitude




How are strong phases created?

=R +T,G,R +T,G,R +T,,G,R]

I, =R, +T,G,R; +T,,G,R’ +T,,.G,R}

T,, = KK — KK elastic scattering amplitude
T,, =t — KK transition (rescattering) amplitude

T,;=4n — KK elastic transition (rescattering ) amplitude

Ri#R; T,#0andT,;#0 — thephasesof [,;""and T, are different.

Both it — KK and 4w — KK transition amplitudes are important.




kaon scalar form factors
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Numberof events

LHCb data
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Conclusions

1. Large CP-violating asymmetry effects in the B — K* K- K* decays
have been predicted in the QCD factorization model.

2. The model includes strong K* K- final-state long-distance interactions
in the S-, P- and D- waves.

3. Alarge negative CP asymmetry appears for the K* K- effective mass squares
between 1.1 and 1.9 GeV?.

4. It originates from a presence of two weak phase differences together with
the existence of two different strong phases of the S-wave amplitudes related
to the phases of the kaon scalar strange and non-strange form factors.

5. Interchannel couplings of the two pion as well as the four pion states to
the kaon-kaon states are essential to form two different strong phases. The
it = KK and 4w — KK rescattering effects are naturally included in the model.
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S-wave amplitude for B-— K,7 K, K5~

G,

2 weak amplitudes (in U both tree and penguin terms, in W only penguin ones):

U=/[a+a,;+a,—(a +an]+Ala, +a, —(as +asr)]

W:j“u(_ag+%ag)+}‘c(_ag+%a§)l Bozmilzmu
)“u :VuquZ’ j“c :Vcbvcz ’ I = 2mP2(/[(mb + mu)(ms + rnu )]

a; - Wilson coefficients; a, - tree contribution; a, ag ag a;,- penguin terms
2 strong interaction functions:

I'," and I';® are scalar non-strange and strange kaon form factors. |




Amplitudes for B-— K;” K,*K," decay

AS — _%GF fK (M é IR rnZZ?..)|:OI3__)(K+K_)S (mlz()yzFZn*(mZC’))

+ %GF rr? (M B mI2< ) I:OB__)K_ (mZB)VFZS*(mZS)

P-wave:

_ fo o o
A =22, P.GeA- AT (MRS (mg)y

yo,

B |:1BK (m23)[FuK+K_ (mZB)Wu + |:dWK_ (mZS)Wd + FSK+K_ (m23)WS]}

K K™ K"K~ K"K~
F- " ,F" " ,F" " are the kaon vector form factors.

P,, P, are the K;, K, momenta in the K,K5c.m. frame.

y, v, W,, Wy, W,— weak decay coefficients




+ + K- K
B=— K*™ K- K = decays
B to light meson transition form factors: FOBS(K+K_) (m|2< ), Abe (m|2< ),

|:OBK (823)’ FlBK (823)

kaon non-strange and strange scalar form factors: 1—~2n (823), FZS (323)

kaon vector form factors: FUK+K_ (323), FdK+K_ (323), FSK+K_ (523)

n*
I, =

<[K+K_]3'|=0 [n|0) Fzs* = : <[K+K_]s,|=o 55 10)

1
\/EBO J2 B,

(KA () K™ (P:) 1T7,a100 = (P, — P2) . B (52) | qeuas




Contributions to kaon vector form factors

8 vector mesons: p(770), p’=p(1450), p’’=p(1700)
w(782), w’=w(1420), w’”’=w(1650)

$=0(1020), ¢’=¢(1680)

Isospin:
%(FKK +FE)=F +F,+F, 1=1
1 KK~ KK~
6(F -k " )=F,+F,+F, 1=0
1 KK~ —
_§FS =F,+F, 1=0

Model of form factors by Bruch, Khodjamirian and Kuhn (2005)



Model of the scalar-isoscalar amplitudes

The three-channel model of the meson-meson
elastic scattering and transitions is based on:

1. coupled channel Lippmann-Schwinger equations,

2. separable form of the meson-meson potentials,

3. constraints from t © and K K phase shift analyses including data
of the CERN-Cracow- Munich measurements of the

T p = ©t* T nreaction on a polarized hydrogen target

(R. Kaminski, L. Lesniak, B. Loiseau, Phys. Lett. B 413 (1997) 130,
Eur. Phys. J. C9 (1999) 141).



Chiral symmetry constraints

Low energy constraints on the scalar form factors:

IS (E)~a'; +b'yE?, TI3° =0, E — 0.

At first the parameters a, and b, are calculated using the chiral
model of Meissner and Oller (Phys. Rev. D 65 (2002) 094004) and
the lattice QCD results (from RBC and UKQCD Collaborations,
Phys. Rev. D 78 (2008) 114509).

Then the «;,7;,0; coefficients are calculated in terms of a; and b;.



Unitarity conditions

Unitarity relations for the meson - meson amplitudes :

3
IMT, (E) =Y TG(E)rT,(E)0(E-2m,), ik=123
j=1

Im T (E) = iT;(E)rjr;(E)a(E —2m), =123

kE
ro=—

I 8x

, kj —channel momenta

Watson’s theorem: for a single channel (i=1) the phases of T,; and I';* are equal.



