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Abstract Previous method of Gronau et al.: Up-Down Asymmetry

Recently, the radiative B-decay to the strange axial-vector mesons, B — K1(1270)7, was observed. This process Gronau et al. [1] defined a very simple observable “Up-Down Asymmetry” which is proportional to the polarization
is particularly interesting as the subsequent Kj-decay into its three body final state allows us to determine the parameter \:

polarization of the 7y, which is mostly left- (right-)handed for B (B) in the SM while various new physics models
predict additional right- (left-)handed components. In order to obtain a theoretical prediction for this polarization fol d cos (9—9 — fﬂl d cos -9 3/ d513d523/m[77’(j X j*)]

dl
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measurement, it is important to understand the hadronic effects to this decay channel. We first revisit the strong up—down = 1 ar — v =5
| | | | | | , dcost—=— | ds13dsy3|J]
decays of the K{ mesons, namely the partial wave amplitudes as well as their relative phases, in the framework of the | - d cos 0
3PO quark-pair-creation model. Then, we present our result on the sensitivity study of the B — K7(1270)~ process Count.the number of events with phgton em|tted above/belovv the K7m-plane and subtract theJrrn. N
to the photon polarization. The new method we introduced in this work improves the sensitivity by a factor two Afger m’(c)egratmg over the whole Dalitz region one obtains Aﬁp—down = (0.33 £ 0.05)Ay for BT — K;"(1400)(—
compared to the standard angular analysis. KPrt )y and A yo—down = (0.05 -+ 0.10) Ay for BT — Ky (1270)(— Ktn=nt)y

Introduction: why are we interested in photon polarization of b — sy 7 DDLR method

. In this work we apply the DDLR method [3], which was first proposed to determine the T-polarization in 7 — aj(—
o In the SM _C7R/C7L ~ ’_775/”719 = PhOtO”S nr)vy decays. The DDLR method can be applied when the PDF has a linear dependence on the polarization
are predominantly left(right)-handed in the parameter Ay as is the case in our formula in (x).

B(B)-decays. o In DDLR [3] it was demonstrated that in this particular case
i < e This property can be not true in some Jr -
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extensions of the SM (LRSM, SUSY, .. ) x =|J|?(1 + cos’ ) Ay =Im[ii - (J x J*)]cos 6
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The rare radiative decay b — s can be described in terms and hence one can have an excess of TR ST P ST

of the effective Hamiltonian: right(left)-handed photons. - VLS —8113,°23;

Hefr =

4G i the value of Ay can be obtained by the fit to the distribution of the single variable w
_ Py (G O7 + CrrO7R) = The measurement of the pho

V2 ton polarization could provide a test
Ot = ezmbgawli%wa of physics beyond the SM, namely | N | |
167 2 right-handed currents. instead of the multidimensional fit of f and g.

o C7; describes bp — 5,7, (left-handed photon) *Here we neglect the QCD corrections and long-distance o lt is.allsp pointed out t.hat.the Use of thg full k.ingmatic i.mcormatioln (not only @ but also s13, sp3) increases the
e Cop describes b; — spryp (right-handed photon) effects from O, sensitivity to the polarization (single variable fit is practical for this reason too).

How to measure the photon polarization Maximum likelihood method Approximate solution for )\

e Our probability density function can be written as

g(s13, 3, cos 0)
f(s13, 503, cos 0)

w(s13, 523, cos ) =

® In particular case M w < 1

There have been attempts to measure the pho- W(E) = F(E) + M g(6) o
ton polarization by various methods: §) = e+ Mele o = N((w) — AM{w?)) =0 =

where & represents the kinematic variables (s13, sp3, cos 0). A, o %
w

Why do we use B — K{(1270)~7

| » mixing-induced CP-asymmetry in o |
e In [1] it was proposed to use B — K, o5y decay where RO _, K*O(—> KSWO)’V and Bs — ¢y o Then, the log-likelihood function for a sample of N

. . o e Furthermore, we obtain the variance from
the angular distribution of the three body decay of Kjes C measurements 1s:
» transverse asymmetries in

. . . . N N 1 2L ( W )2
carries the information of the polarization. B0 _, K*O(—> K=rt)ete InL =In H W(&) = Z In(14+ A\ w) 2 e N< e =
=1 =1

e | | .
e One of the B — Kjesy modes is finally measured! . Forward-Backward asymmetry in o2 ~ 1

h . _F w2 _ M
B(B+ . Kl_l_(1270)’y) _ (4.3 + 1.2) < 10_5 /\b . /\(_> ,D7T_)’Y + other terms independent o Ay N(( )—2 >

(w?)
- . e Using the maximum likelihood method, we obtain A, as a That means that no fit is needed to extract \. one
o We study in detail the usefulness of this channel to But it has not b.een seen yet, while LHCb and.B— solution of the following equation: ’
determine the photon polarization_ Factories have Interesting programs concerning v

this measurement. Oln £ _ Ci N w —0
(‘9)\7 i1 1 + )\Vw,- 1 + )\fyw

only has to sum w and w? over all the events.

Notice: the resulting A, depends only on w!

Two-body decay is NOT good Results

symmetric Compatibility plots of exclusion regions for Ay in the SM

Bt — K (1270)(— K*m7t)y BY — K (1270)(— K'm ")y

Formalism

Expected )\gSM) from B — K1(1270)~:

B-reference frame Ki-reference frame Nevents | BT — KTn—nty| BT — KontnYy
77_(,82) 3 3 1k 1.00+0.18 1.00+0.12
1 E 10k 1.00+0.06 1.00+0.04

» Helicity is conserved (ey = ek ).

» Measurement of the angular f-distribution of ~ with 5
respect to the K7 decay plane < measurement of the SM
P o P , E Expected )\(7 ) from B — K1(1400)~:
photon polarization. — —— 0
Nevents | BT — Kn 'y | BT — Kin 'y
1k 0.934+0.60 1.00+£0.07
10k 0.92+0.20 1.00+0.02

The decay distribution is obtained as a function of the photon polarization parameter A~:
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i » It is ideal to measure B — K1(1270)v and B — K7(1400)y at the same time, so that we could have a better
In the SM the photon polarization parameter A\, >~ —1(+1) + O(mg/m%) for B(B) respectively. control for the resonances.

d513d5;/3dcosg O<Z|J!2(1+c0529)+ Ay zim[a - (J x J*)] cos @), )‘7_| R —1G| (%)

» However, using B — K] form factors calculated in [4], we expect about 40 times less B — K7(1400)y events
compared to B — K1(1270)7.

» The large error in the K7(1400)™ channel is originated from the fact that K7(1400)" — KT~ 7™ proceeds only
via K*97 mode = No source for the imaginary part.

o The helicity amplitudes of K; — Kmm-decay are given by the general form:

M p(Ki — Krm) = €] pdus Ju = ci(s13, 523)p1 — 2(s13: 523) P2y

where ¢ is the polarization vector of K1, s;; = (p; + pj)z. :
o The decay Ki(1270) — Kmr proceeds predominantly via K*m(16%) and pK(42%) modes. The coefficients Conclusions

c1.2(513, 23) can be expressed in terms of the form factors or partial wave amplitudes of the K3 — K*m, pK ~We investigate the B — Ky~ decay in order to determine the photon polarization of the quark-level b — s
transitions which we calculate using 3Py quark model [2]. process.

- The use of the single variable w(s13, $p3, cos @), which contains all the information on polarization in each event,

The mixing angle issue BPO Qark-Pair-Creation Model avoids the complex multi-dimensional fit and enhances the sensitivity of the measurement.

-New method gives a gain in accuracy of a factor 2 compared to the fit of pure cos #-distribution, integrated over
The observed K1(1270) and K1(1400) are not pure The partial wave amplitudes for the axial-vector meson (A) decay the Dalitz region.

1*Py(Kia) or 1'Pi(Kig) states to the ground states of vector (V) and pseudoscalar () mesons ~In our study we obtain the statistical accuracy of 6% for the SM-prediction for A~ for 10k events of
|K1(1270)) = |Kia)sin Ok, + |Kig) cos b, 2@ glvem by BT — K" (1270)(— K7 m ")y decay.

|K1(1400)) = |Kia) cosOk, — |Kig) sin Ok, as(K1(1270) — K*m/pK

ap(K:(1270)

e The mixing angle is essential to understand the (K1(1400) — K*m/pK

(K1(1400)

Ki-decay properties and in particular why p(Ki(1400) — K*m/pK
B(B — K1(1400)y) < B(B — K1(1270)7).

o We find the mixing angle to be Ok, = (6073,)° at o~ /3 D = 4 /3hth References
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(V25sin O, T cos b, Future experiments, LHCb and Super-B factories have good prospectives for the study of this channel. One

S
D(—sin b, F V2 cos ) expects an annual yield of about several dozens thousands of signal events at LHCb and several thousands at
S(V2cos B, = sin f;) Super-B.
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