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We discuss the decay 8 mesons into two light mesonsr(K™*),n"), p, w, ¢). All these decay
channels come from a single type of diagram, namely treendation. This allows us to derive
extremely simple&SU(3) relations among these processes. The size of annihilatitnibutions is

an importantissue iB physics, and we provide two different estimates in the cérem-leptonic
charmlessB. decays, either a comparison with annihilation decays o¥ywight mesons or a
perturbative model inspired by QCD factorisation. We fipdliscuss a possible search for these
channels at LHCb.
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Since the first observation of tig meson in 1998 from the CDF collaboration, its mass and
width have been measured, and bounds on some non-lept@rio&ls have been sdt/( with one
or three pionsD**ISO. ..). TheB; meson shares many features with the better studied quatkoni
with the significant difference that its decays are not ntedighrough strong interaction but weak
interaction due to its flavour quantum numbBrs: —C = 1. The properties of thB, meson will
be further scrutinized by the LHC experiments; the high husity of the LHC machine opens the
possibility to observe mang. decay channels, in particular at LHCbh. We report here onntece
investigations on the charmless non-leptdBiadecays [1].

The diagram for the non-leptonic charmlésdecays is shown in fig. 1. The initilandc
quarks annihilate inta andd or s quarks, which form two light mesons by hadronising with a pai
of qq (g=u,d,s) emitted from a gluon. There are 32 decay channels of thitikime consider only
the lightest pseudoscalar and vector mesons. In the case ofitgoing pseudoscalar mesons (PP),
there are 4 modes with strangeness dfer®,K*n,K+n’,K°mt and 4 modes with strangeness
zero: rt @, rtn, ', K+KO. The same applies for two vectors (VV) up to the obvious ckang
K*p0, K*+ ¢, K* e, K*pt, ptp° pto, pTw,K*K*0. In the case of VP decays, one can get 8
strange decay modeA$= 1 processes)K* 0, K*tn,K*tn’/, KO+, pOK+, K+, wK*, pTKO
and 8 non-strange decay mod&SE& 0 processes)p™ 1, ptn, ptn’,K*tKP, porrt, prrt, wrmt,
K*0K*. These 32 non-leptonic charmleBs decays are all pure annihilation and come from a
single-tree annihilation diagram. Understanding thessphls can have an important impact on
the discussion of annihilation in other decays, in paréictibr heavy-light mesons, where similar
contributions come from several operators and interfeth ather mechanisms.

Compared to the case &4 decays, theSU(3) relations for theB; decays are extremely
simple and can be derived [1] from the Wigner-Eckart theofetlowing ref. [2]. Taking into
account Clebsch-Gordan coefficients and octet-singleingpixve get the/ P amplitudes:
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The amplitudes are still to be multiplied I8¢ /+/2 and a CKM factol,pV,; b

the relations
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(D =dors). We get

K1) = AA(BY — KK ™) (1)
K**K?) 2)
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Figure1: Generic diagram for the non-leptonic charmiBgglecays

Due to the Wigner-Eckhart theorem and the involvement ohglsioperator, we get all the
PV amplitudes in terms of three different reduced matrix elet:18'", AVP and1VP. One can
simplify further the expressions by assuming the validitthe Zweig rule for theAS= 0 processes
involving @, e.g., settingdr(Bf — ¢@m") = 0 to obtain a further relation betwee¢h” and S’P.
Similar relations can be derived in the cas®&modes an®/'VV modes, involving different reduced
matrix elements foPP and for the different partial waves (or helicity amplituplésr VV. The
SU(3) relationships allow one to relate different modes belogdmthe same multiplets, but not
to fix the overall scale of the reduced matrix elements, and that of the branching ratios. We
followed two different paths to estimate these matrix eleraeby using experimental data on pure
annihilationB decays and by relying on a one-gluon picture a la QCD facttois.

There are two pure annihilation processes observed in HegwyB decaysB° — KK~ and
BY — D;K*. Since we are interested in charmless final states, we canérgompar®, — K+K°
andB® — KK~ processes. After relying on further hypotheses describeefi [1], we obtain the
following branching ratios of interest:

[Bg annihi] BR(B; — ¢K*) ~ (107" —1078), BR(B; — K*°K*) ~ ¢(107)
BR(B. — K’K™) ~ ¢(107%), BR(B; — K*°K**) ~ ¢(107°) (3)

A second method consists in a model based on one-gluon exetam close relation with
the model proposed in QCD factorisation to estimate aratibih contributions for the decays of
heavy-light mesons. As described in ref. [1], we found tliathe charmles8. decays are much
simpler, since the only operator contributing@s, and there is only one combination of CKM
factors ¥/, Vup whereD = d, sdepending on the strangeness of the outgoing stateji)ahe long-
distance divergences, which prevent us from estimatin@timéhilation contribution accurately in
Bu,a decays, do not arise B annihilation (they are tamed by the nonvanishing charmiqomass).
The expressions for all the decay channels were recovesedrifs. [4] if we identify between the
Wigner-Eckart reduced matrix elemer@d,A and theO, reduced coefficients,. However, the
uncertainty coming from endpoint divergences in the cask g decays is absent here, so that the
estimation ofB; annihilation in this framework suffers from smaller une@mties than for heavy-
light decays. We obtain finally the following values of brhaimg ratios:

[One-gluon BR(B; — ¢K) =5x107°, BR(B. — K*°K*) =9.0x 1078 (4)
BR(B; — K°K™) = 6.3x 1078 BR(B, — K*°K**) =9.1x 1078 (5)
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Our estimates of the branching ratios in the above two waye@irconsistent. This stems from
the conceptual differences between two methods. The mdtheed orBy annihilation treats the
charm quark as massless. It takes into account some of thparturbative long-distance effects
expected to occur iBy and B; decays, but treats the relation between matrix elementieof t
operator€D; andO; in a very naive way. It relies also on extremely naive assiamgtconcerning
the respective size of matrix elements R®, V P andVV modes. The method based on one-gluon
exchange treats the charm quark as heavy. It assumes theatweifrom a specific set of diagrams
computed in a perturbative way within a consistent framéwdt is well known that both kinds
of estimation yield rather different results. This is ilized by the fact that the estimateRyf —
KK~ in the annihilation models of QCD factorisation (around 3 &ith substantial uncertainties)
is one order of magnitude below the current experimentatage There are well-known cases
where final-state interaction can increase significantiyneges based on factorisation, for instance
B — Kxc or Df — pOmr*. Therefore, an observation of the non-leptonic charmBasgecays will
certainly have an important key to clarify such a controyers

We can estimate the expected sensitivity of LHCDb for a smecifannel. Taking into account
the trigger and reconstruction efficiencies, as well as gweale and Cabibbo suppression, we draw
the conclusion that thB — K*°K* channel might be the best candidate for the detection. Since
the selection criteria and trigger efficiencies are diffiéror each channel, detailed simulations
are necessary in order to estimate the expected sensitvitgifferent channels. For example,
such a study has been done & — J/@m" [5]. From the expected branching rafiy(B; —
J/ymt) ~ 1 %, it was deduced that over a thousand of events are expaftéedhe one year run
of LHCb. By scaling this observation to the processes of@sig we can very roughly estimate that
an assumption d8r(B — K*OK+) =107 yields a few events per year at LHCb. The analysis of
LHCDb data will thusset first experimental limits on the neptbnic charmlesB. decays, and give
hints on the annihilation mechanisms at work in these decays
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