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Motivation

@ A problem is often ignored in the literature is the contamination of the
angular distribution of B — K*(— K7)ft¢~ by the events coming from
B — K§(— Km)¢te~. This effect was recently studied in the experimental
analysis of e.g. D — K™ uv,, and was shown to be important.

o For the transverse asymmetries this is not a problem because the product of
the K — K decay is in its S-wave and cannot make any impact on the
B — K*(— Kn)£T¢~ transverse amplitudes.

e However, in the extraction of transverse asymmetries from the angular
distributions the unwanted (Kn)s from B — Kj£T ¢~ are troublesome and
result in an error that is g>-dependent and can be large.
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Full angular distribution

Full angular distributions in B — (Km)x++x; £Y¢™ is given as [BecirevicZAT(’12),
arXiv:1207.4004]:

d°T
dq?dm?,_dcosOpdcos Oxdp
JE (@, Mk, Oxc) + 25 (4%, micr, Oxc)
+ [Jﬁ(qQ, mi., Or) + 2J5(q%, man, O )] cos 26,
+ 2,]3((12, ks Ox) sin? 0, cos 2¢
- 2\/5]4(q2, M, 0k ) sin(20;) cos ¢
- 2\/§J5(q2, mi., 0k ) sin O, cos ¢
+ 2J6(q%, mcr, Oxc) cos O,
+ 2\/§J7(q27 G 0k ) sin @, sin ¢
+ 2\/§Jg(q2, m%m 0k ) sin 20, sin ¢
L 2,]9((12, mf\»m Oxk) sin? @, sin 2¢

111(732)73’679(q2,mf;ﬁr7 Ok ) x Iff;:;_(iﬁs,(qg) sin? @k - are the functions of M, only =
NO (Kr)s contribution from B — K§£t¢~ + have small hadronic uncertainties !
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Full folded distribution

In ref. [Matias(®12), arXiv:1209.1525] it was demonstrated that using the full folded
distributions one can avoid the problem of the S-wave contribution and extract the
clean observables,

275(¢?)
Po(a?) Pega il & A()
R = - L) & A ()

in a way completely free from this pollution and in the exact lepton mass case.

o The folding exploits the angular symmetries of the distribution and reduce
the number of coefficients. E.g. the initial number of Z;’s, 10(K™) + 8(Ky),
can be reduced to 7(K*) 4 4(Kg) when using the "folded" angle ¢ € [0, 7]
(¢ > ¢ + 7 when ¢ < 0).

It is claimed that the deviation between the exact massive and massless predic-

tions for the observables, integrated within ¢® € [1,6] GeV?, is small [Matias(>12),
arXiv:1209.1525].
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Transverse asymmetries

We keep my # 0 since the lowest bins are the least ambiguous to test the NP.
Moreover, in order to consistently combine B — K*ete™ and B — K*utu~
decays at low ¢2, the lepton mass effect should be taken into account.

A(z)(q2) _ 475(q%) Ts(q? 2Re[C7,C77]
r 3Z3(¢?) — Z5(q?) me=0 2I5(q?) 20 [Cry|? +[C7,I2

AG™ (g2) = o(a°) Io(¢? 2Im[Cr,Cr7]
r 3Z5(¢?) — I5(q?) me—0 2I5(q?) 20 |Cry|? +1[C/, |2
- Zs(q%) Zs(q? >

AL (%) = BeTo — A
T ) =3 - T3(@) memo 3T )

o A common denominator is chosen for convenience.

o If the data sample is so large that all the coefficient functions I,fs)(q2)
can be reliably extracted from the full angular distribution, one can get the
denominator unaffected by (K)s.

o If we study the distributions in ¢, 6, and 0 separately, then the

denominator cannot be extracted without picking up the events coming from
SRR S A4
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How to extract the numerators of A"

The numerators in Ag’im’re)(f) are not plagued by B — Kj¢T¢~ and can be
extracted from the ¢ and 6, distributions,

d’T

S 2\ -
T ¢;(*) sin 2¢

d’r ‘
dfdcos 0y = ae,(q%) +| be, (¢°) cos 0, |+ co,(q%) cos® B¢

where the coefficients of our interest must be identified as

= ay(q%) + b3 (q°) cos ¢ + b3 (¢°) sin ¢ +

(:S)(qz) cos 2¢ ‘ +

4 ;
&5 (¢)) =5=Ts0(d") / \BWi- Pdm,
be, (¢°) =2Zs(q) / | BWie+ | dm3
The other coefficients contain the K contribution as well as the longitudinal and

"time-like" amplitudes of K™, which involves the B — K™ form factors Az,o(qQ)
and T3(¢?) which have large uncertainties.
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How to extract the denominator of Ay

d’T

— 2 2 Y 5
dq?dcosOx a0, (¢7) [+ bog (¢7) cos Ok + co (¢7) cos” Ox

with
oo @) = { BT ) - T/ )] [ 18Waz Pamice
+3[3I'f(q2)—IS(qQ)]/IBWK*IQdmiw}
bo (q°) I/Re 377" (¢%) — I5" (¢%)) BWis BW . | dmic

o (6) =3 { 3T (") - T5(6") = BTL(@P) - Ti(a")) | [ 1B Wi Pmi,

Studying the separate distributions one cannot extract 3Z; (¢°) — Z5(¢*) and
avoid the contribution from B — K§¢t¢~.

Impact of B — K0T~ on B — K*¢Te—
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Estimate of the scalar contribution to ag, (¢*)

1 C C
aex(q2) Zg{[311/((12) —Izl(QQ)] /|BWKJ‘2dm§(7r

+3BT) - T3] [ 1B Wi P |

—g BTe") - T+ AW [ 1BW- i,

Note that A(g?) is not suppressed by factor mZ/q>.

Around ¢? =~ 2 GeV? as many as
25% events, recognized as ag, (¢°) of
B — K*0T¢~, might be coming from
B — K300 decay.

[Becirevic&AT(’12), arXiv:1207.4004]

Similar situation occurs in Bs — ¢(— KVTK )T~ except that the effect of Bs — fo(—
KVYK™)¢te~ is smaller: it remains under 15% around ¢ ~ 2.5 GeVZ.
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75 extraction from the uniangular distributions in the m, = 0 limit

However, as was pointed out in ref. [Matias(’12), arXiv:1209.1525]
limit, Z5(¢?) can be determined from the combination of

1 .
aola) =3 { BT (@) = T5'()] [ 1BWics Pk,

, in the massless

+BIH) - T + 6T3() ~ 223 ) [ |BWice P, |

4 i

o {T3) - B [ 1BWic- P, — 75'(@) [ 1B Wi Pam, |
a0, () = [75'(6") = T5'(@)] [ 1BWics Pdm,

+ [25(62) = T5(¢2) + 223 (a?) — 275(2)] / |BWic+ [2dm?,.,

~2 { [223() = Z5(a)] [ |BWic Pdm, ~ 25'(¢%) [ 1BW] dew}

1

SN N 2 2 2 2
— | B0") = T |aeld®) = jona®)| + Otmi/a?)

NB: The above assumption m; — 0 requires to abandon the principle of the
transversity which then requires the knowledge of the Ag 2(q*) and T3(¢?). Correc-
tions o« m}/q? are NOT negligible and might be problematic for 1 < ¢* < 3 GeV?
where Zj (¢*) has minimum.
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Scalar contribution to the integrated decay rate

Integrated over 3 angles and m%,., the distribution can be written as

v _dry  drs
dg? ~ dq® ' dg?

(m e« +6)2
dF 1 C C S (4 S 1 14
Wg =1 [3Z7(¢%) = Z5(q°) + 2(3Z; (¢°) — T5(q°))] / |BWi+ |2dm?%
(m g —6)2
(mpex +6)?
dar 1 A 5
WS =1 [3Z7'(¢%) — Z5"(%)] / |BWics |>dm
(m gex —8)2
1.05

Using 0 ~ 100 MeV, the inclusion | % |~
of K7 from K; amounts to at most S 2 095!
10% excess with respect to the < 5
desired dl/dg>. 3 0.90}
[Becirevic&AT(’12), arXiv:1207.4004] 0850 2 4 6 8
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nclusions and perspectives

@ We studied the impact of the B — K§(— Km)f*t¢~ events on the angular
distribution of the B — K*(— Kx)¢™¢~ decay using uniangular
distributions.
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Conclusions and perspectives

© We studied the impact of the B — K§(— Km)¢T¢~ events on the angular
distribution of the B — K*(— Kx)¢T ¢~ decay using uniangular
distributions.

@ Although A(Tg’i'r""e>(q2) should be unaffected by the presence of (K7)s we
show that in practice, their normalization might be sensitive to those events
and could entail a sizable uncertainty.

1ov (LPT&LAL/Uni Impact of B — KX6T¢~ on B — K*¢tTe—



Conclusions and perspectives

© We studied the impact of the B — K§(— Km)¢T¢~ events on the angular
distribution of the B — K*(— Kx)¢T ¢~ decay using uniangular
distributions.

@ Although A(TQ’im’re)(qQ) should be unaffected by the presence of (Km)s we
show that in practice, their normalization might be sensitive to those events
and could entail a sizable uncertainty.

@ The corresponding error is under 10% for ¢*> < 1 GeV? and for
4GeV2<g? < m?]/w, while it can be as large as 25% around ¢ ~ 2 GeVZ2.
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Conclusions and perspectives

© We studied the impact of the B — K§(— Km)¢T¢~ events on the angular
distribution of the B — K*(— Kx)¢T ¢~ decay using uniangular
distributions.

@ Although A(TQ’im’re)(qQ) should be unaffected by the presence of (Km)s we
show that in practice, their normalization might be sensitive to those events
and could entail a sizable uncertainty.

@ The corresponding error is under 10% for ¢ <1 GeV? and for
4GeV2 < ¢® < m?]/w, while it can be as large as 25% around ¢° ~ 2 GeV?.
@ Similar situation occurs in Bs — ¢(— Kt I\”f)éf*é‘* except that the effect of
Bs — fo(— K7 K_)f'*'f" is smaller: it remains under 15% around
¢®> ~ 2.5 GeV?, and under 5% elsewhere.
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Conclusions and perspectives

© We studied the impact of the B — K§(— Km)¢T¢~ events on the angular
distribution of the B — K*(— Kx)¢T ¢~ decay using uniangular
distributions.

@ Although A(TQ’im’re)(qQ) should be unaffected by the presence of (Km)s we
show that in practice, their normalization might be sensitive to those events
and could entail a sizable uncertainty.

@ The corresponding error is under 10% for ¢ <1 GeV? and for
4GeV2 < ¢® < m?]/w, while it can be as large as 25% around ¢° ~ 2 GeV?.

Q Similar situation occurs in Bs — ¢(— KTK )14~ except that the effect of
Bs — fo(— KTK7)£t¢™ is smaller: it remains under 15% around
q*> ~ 2.5 GeV?, and under 5% elsewhere.

@ At large ¢° > 14 GeV?, instead, the effect of B — Kj¢™¢~ and
Bs — £0(980)¢T¢~ on B — K*¢T¢~ and Bs — ¢£T ¢~ respectively, is
completely negligible.
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Conclusions and perspectives

© We studied the impact of the B — K§(— Km)¢T¢~ events on the angular
distribution of the B — K*(— Kx)¢T ¢~ decay using uniangular
distributions.

@ Although A(TQ'im’re)(qQ) should be unaffected by the presence of (Km)s we
show that in practice, their normalization might be sensitive to those events
and could entail a sizable uncertainty.

@ The corresponding error is under 10% for ¢ <1 GeV? and for
4GeV2 < ¢® < m?]/w, while it can be as large as 25% around ¢° ~ 2 GeV?.

Q Similar situation occurs in Bs — ¢(— KTK )14~ except that the effect of
Bs — fo(— KTK7)£t¢™ is smaller: it remains under 15% around
q*> ~ 2.5 GeV?, and under 5% elsewhere.

@ At large ¢° > 14 GeV?, instead, the effect of B — K3£™ ¢~ and
Bs — f0(980)¢T¢~ on B — K*¢*¢~ and Bs; — ¢£1¢~ respectively, is
completely negligible.

@ This uncertainty, together with the one related to the charm loop, and the
controllable uncertainties on the ratios of the B — K™ form factors, suggests
that the overall error on A(Tz‘lm’m>(q2) is under about 30%, and therefore at
that level of accuracy the measurement of A;Q‘ir""'e)(qz) remains a good tool
for detecting the NP signal.
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(K7)g Breit-Wigner parametrization

1
BWir(mky) =N e </

() = | e (s — Tz /2P
where m,, = 658(13) MeV, I'x, = 557(24) MeV, that was identified as a pole in the
amplitude of the Km — K scattering [Descotes-Genon&Moussallam, hep-ph/0607133].
We vary g, € [0, 0.2]. The constant N is obtained from the normalization to unity,

— o0

We checked that in the region of
Mix € [mi* — 0, mi~= + J], with
d ~ 100 MeV, our BWgk; (m% )
reproduces the shapes of the
corresponding K7 form factors.

U005 D M0 0 245
Mk, [GeV]
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Z;(¢*) functions

s/ 2 2+
T3(q%) =25 (M P 4 LM + 1M P+ MG

+ 4;’;‘ Re [MEMP" + MiEM;°]
s/ 2 _ﬂz? 252 Lp )2 er (2 LR )2
Z5(q )—I M + MR +|MH | ‘HM” |
2 _53 252 fR 2 052 (g2
To(q’) =5 [IME PP + 1M — M= — M P
T2(¢%) =2B:Re [MﬁLMﬁL* 5 MZRMﬁR*]
To(q*) =B Tm [ M M[P + MEPMIR]
72O () MO 4 | MR 4;7% (|M(’)\ 1 9Re [Mgu/)MéR(/)*])

O = - 87 MG + MmO

M, and M/ denote respectively the spin amplitudes of B — K*¢T¢~ and B — K {T¢~
i 0

*pte—
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Spin amplitudes of B — K*¢*/(~

mp + Mxk+

+ [(Co + C9) F (Cro + Cho)] L(f)}

MR () = = N3y — mier) { 28O, = O )Tl

+ [(Co — Cg) F (C10 — Chp)] qu)}

mp — MK+

o The advantage of using the quantities that include only M, is that they do
not require a detailed knowledge of hadronic form factors T3(q¢?) and Az ,0(g?)
which are quite hard to compute using the lattice QCD simulations.

o Moreover, the ratios A1(q?)/T>(¢*) and V(¢*)/T1(¢?) are flat in the low
¢*-region which makes the relevant hadronic uncertainties to be better
controlled.

anov (LPT&LAL/Unive Pa d Impact of B — KX6T¢~ on B — K*¢tTe— 16 /12



Hadronic B — K* form factors

0.30, 0.30, 1.00
025 . 0.25 098

= & = ~0.96
> @ < = 0.94
0.15) 0.15 o

019505 10 15 20 0405, 0507 10- =15 20 °%5 g5 1o 15 20
o’ [Gev?] o [GeV?] o [Gev?]

The ratios of the form factors that have similar g*-behavior in the heavy quark
limit and in the limit of large energy of K*, are kept as constants, namely

V(@)/Ti(@) . Ai(@*)/Ta(q?)
mp + Mg* mp — MK+

~ 0.2 GeV !

which in practice we vary between (0.17 +0.23) GeV~!. For the ratio of the tensor
form factors we use the approximation

2
Ta(q7) ) 2
Tt 14 2q

T1(q?)
with 2 = —0.030(3).
[Ball&Zwicky, Phys.Rev.D71(’05), Becirevic et al., Nucl.Phys.B769(’07), Colangelo et
al.(’96), arXiv:9510403]

nov (LPT&LAL)/Univ d Impact of B — KX6T¢~ on B — K*¢tTe—


http://prd.aps.org/abstract/PRD/v71/i1/e014029
http://dx.doi.org/10.1016/j.nuclphysb.2007.01.032
http://arxiv.org/abs/hep-ph/9510403
http://arxiv.org/abs/hep-ph/9510403

	Motivation
	Scalar contribution to the angular distributions
	Conclusions and perspectives
	Appendix

