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Asymmetriesin rare B-decays Nikolai Nikitin

I ntroduction

RareB-decays induced by flavor-changing neutral currents provide ak#@upossibility of
an indirect search of physics beyond the standard model (S®tuiolation in beauty sector has
been measured for the first timeBfactories BaBar and Belle in two-hadr@meson decay$][1].
Other interesting reactions, whe@®-violating effects may be studied, are rare semileptonic and
radiative leptonic decays induced by (d,s) (y, £*¢~) transitions (see, e.g[][2] and refs therein).

Obviously, an experimental study @fP-violating observables requires greater samples of
beauty hadrons than those provided by the B-factories: €ifeeiolation effects in beauty sector
are of order 102, one need8-meson data samples exceeding those fBfactories by at least
two orders of magnitude. One expects such data samples of beauty patitied HC: e.g., the
detector LHCDb is expected to register abou’fzﬂﬁﬁ-pairs per year, approximately by four orders
of magnitude more than a yearly yield Iuﬁ-pairs at theB-factories [B].

The time-independer@P-asymmetries in rare semileptonic decays were considered first for
inclusive B-decays, i.e., for the process— d¢*¢~ [A]. An asymmetry of the order of a few
percentirb — d¢* ¢~ has been predicted; for the— s/* ¢~ -transitions the asymmetry is expected
to be much smaller. Followind][4], the time-independ€f-asymmetries in exclusivB-decays
for several extentions of the SM have been analyfkd [5, 6].

The time-dependent CP-asymmetrigs [7] were studied for the case cferaieptonicdBs —

Q¢ ¢~—decays in Ref[[6].

This talk presents the results of our analy§js [8] of the asymmetries (fdraackward, time-
independent and time-dependé&R-violating asymmetries) in rare semileptonic and radiative
leptonicBsq — (V, y)¢*¢~-decays. We make use of the technique of helicity amplitudes developed

in [8, £9].
1. Theoretical overview

The effective Hamiltonian describing the— s/*¢~ transition in the SM has the forrh [14]
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wherem, (M) is theb (s)—quark massyj; are the elements of the CKM matrip, is the renorma-
lization scale, and, is the momentum of thé" ¢/~ pair. The corresponding expression for the case
of theb — d transition is self-evident.

The Wilson coefficienCS!T (1, g?) contains the contributions of the virtuall and cc pairs,
which involve the integration over short and long distances. The longrdisteffects are described
by the neutral vector-meson resonanpeso, andJ/y, ¢/'. We make use of the parameterization
of Cg\f,f(u, g?) from [B] where the resonance contributions are modeled in a gaugegaintavay
(2 _

The effective Hamiltonian for the— s¢¢~ transition is obtained fron (1.1) by interchanging
b andsfields, i.e., by replacintg’qbvq*s — v;bvqs, S— 5 b—s m«—m,qg— —q.

HSM(b — stte7)

We use the following conventions® = iyPy'y2y3, oy = 5 [yu, W), €22 = 1, e= \/4mdem > 0.
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The form factors for rare semileptonic transitidz_l(a)l, M;p) — \7( P2, M2, €) are defined in the
standard way([[13], Wherq p1 — p2. TheB — y amplitudes are parametrized as folloWs][14],
whereq= p—k, k¥ =0, p> = M2.

2. Forward-backward and CP-violating asymmetries

The lepton forward-backward asymmetfy¢g(S) is one of the differential distributions re-
latively stable with respect to QCD uncertainties and sensitive to the new phgfects [1p].
Therefore it has been extensively studied both theoretically and expeehyd[[3]. We make use
of the following definition ofArg(8) for B — f decays

d2r(B — f) d2r d’r(e—f)
/dc 039 —jadcoss dSdcosf /d " dSdcosf

dr(B— f) ’
ds

Arg(S (2.1)

wheref = VI*I~ for rare semileptonic decay arfd= yi *|~ for rare radiative decays= s/M3, \/s
being the dilepton invariant mass. The asymmetry is calculated in the rest ffaheelepton pair,
and the angl® is defined as the angle between Breneson 3-momentum and the 3-momentum
of the outgoing negative-charged leptdon,

Equivalently, forB — f one defines

d’r(e —f) 0 d’r(B— f)
/ dcosd: ~edcosa, dédcosé, _/71d 045 sdcosf,

dr(e— f)
ds

(2.2)

where 8, is the angle between tH&meson 3-momentum and the 3-momentum of the outgoing
positive-charged leptom;. If CP-violating effects are neglected, both asymmetiie$ (2.1)[aid (2.2)
are equal to each other.

Time-dependent CP-violating asymmetry is defined inBhaeson rest frame as follows [17]

dr(g}—f) dr(g— f)
By—f dr B dr
_ 2.3
Acp (1) dr(B2—f) dr(el— 1)’ 2:3)
+
dr dr

where f is the common final state f@° andBP decays. In this case a pronounced CP violation
is expected in interference between the oscillation and decay amplifudesTii@}-independent
CP-asymmetry may be represented as follows:

dr(Bg — f) dr(Bq— f)

Bo—f g _ ds ds
Acp (9 = dr(By— f) dr(Bq— f)’ (2.4)
4 .
ds ds
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B-meson parameters B B2
B-meson masM; (GeV) 528 | 5.37
Width ™ (ps™1) 0.65 | 0.67

Mass differencém (ps™1) | 0.507 | 17.77
Width differenceAl’ (ps™t) | 0.005| 0.1

Table 1: Parameters o] .-oscillations [R[ 1] 40]

3. Numerical results

We are going to apply now the formulas derived above and to provide ncahersults for the
asymmetries. We use the following humerical parameters:

(i) Table[1 summarizes the parameters ofﬁﬂg—oscillations which we use for our numerical
estimates.

(ii) The Wilson coefficients for the SM are evaluatediat= 5 GeV [11] forCy(My) = —1:
Ci(u)=0.241,Co(u) = —1.1,a1(u) = —0.126,C7 () = 0.312,Cov (1) = —4.21 andCroa (M) =
4.64. Respectively, we use the running quark masses iM&iecheme at the same scate; = 4.2
GeV, ms = 60— 80 MeV, and thed-quark mass is neglected. For the coeffici€ff we use the
model proposed iJ4] which takes into account resonances in a gaveggant way.

For the CKM matirx elements we use the values reported in the 2008 edition of[FI)G
A=0.814,A =0.226,p = 0.135,n = 0.35.

(iii) We make use of the form factor parameterizations for rare semileptomiaydefrom [2]1]
and for rare radiative decays frorn J14]. The accuracy of thesdiptions for the form factors is
expected to be at the level of 10-15%, which influences strongly thegticats for the decay rates.
However, the form factor uncertainties cancel to a large extent in tharasyries which therefore
can be predicted with a few percent accurdcy [15, 16]. For the demastants of th8-mesons we
use the value$g = 220+ 20 MeV andfg, = 240+ 20 MeV.

(iv) A cut on the Bremsstrahlung photon spectrum at 20 MeV in Bameson rest frame
is applied. This corresponds to the expected level of the photon enesgiution of the LHCb
detector.

3.1 Forward-backward asymmetry

The calculated forward-backward asymmetries are presented il F@s. 1-

The decayBs — ou*p~ (Fig. [) is of special interest: the detector LHCbh may accumulate
sufficient data sample for this decay already after the first few monthpeybtion. Qualitatively,
the asymmetry has the same structure as inBhe K*u*u~ decays: its behaviour at small ~
is sensitive to the invertion of the signs Gf, andCyon compared to the SM. Fid] 1 shows the
influence of the sign invertion in one of the Wislon coefficients compared t8hhe

Figs[2 and]3 presenig for the radiative decayl§5 — YUt~ andBy — yu™ u—, respectively.
Qualitatively, the asymmetry behaves at large and intermediatmilarly to theBs — ou™u~
decay, although has a larger magnitude. At sraatiocwever, the assymetry is influenced by the
neutral light vector resonances w, andp® [[4]: these resonances cause a strong distortion of the
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Figure 1: Agg for rare semileptoni®s — @u*u~ decays: (a) in the SM; (b) F&@7, = —-C3", (c) For
Cov = —C3M, (d) ForCyoa = —C5)A. Solid line (black): the full asymmetry which takes into aaat the
J/W, Y, etc contributions. Dashed line (red): the non-resonayrhagetry.

full asymmetry compared to a nonresonance asymmetry. In particular, they e a visible shift
of the “zero-point” compared to its location in the non-resonant asymmelighwnay be reliably
calculated in the SM[J22].

3.2 CP-violating asymmetries

We present the time-independent and the time-dependent CP-asymmeBies ip, y)u 1.
Concerning thé8s — (@, y)u™u~ decays we would like to mention the following: we have calcu-
lated these asymmetries and found thgt(S), mainly due to flavor oscillations of tH& mesons,
is extremely small (smaller than 0.1%) and therefore cannot be studiedrerpéally; Acp(T) is
not small but measuring this asummetry would require time resolution much smallethinBg
lifetime.

3.2.1 Time-independent asymmetry

First, we would like to demonstrate the impact of flavor oscillations of the initial meea the
resulting CP-violating asymmetries. F{§. 4 shats($) for Bqs — yutu~ decays. Obviously,
flavour oscillations lead to a strong suppression of the the resulting CRingEsymmetries in
By decays and to a complete vanishing®ef in Bs decays.

Figs.[p and]6 displaycp(s) for By — pu™u~ andBy — yu™ u~ decays, respectively.
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Figure 2. Agg(S) for Bs — yu*u~ decays: (a) In the SM. (b) F&@7, = —CH. (c) ForCoy = —Cg)\.
(d) ForCion = —Cfo'\f\. Solid line (black): the asymmetry calculated for the fulh@litude of Ref. ].
Dashed line (red): the asymmetry calculated for the angditwithout the contributions of light neutral
vector mesong, thecc resonances)(y, ¢/, ...), Bremsstrahlung, and the weak annihilation.

ForBy — pu™ u~ decays, the asymmetry reaches a 30-40% level in the region of light vector
resonances, and a level of 10% between the lightcamdsonances. Notice that flavor oscillations
enhance the asymmetry by a factor 2.

ForBy — yu™ u~ decays the asymmetry is smaller and may be measured only in the region
of light vector resonances.

Both for By — pu™u~ andBy — yu™u~ decays the asymmetry is sensitive to the signs of
the Wilson coefficient€; andCq. The asymmetry is however not sensitive to the invertion of the
sign ofCyp.

3.2.2 Time-dependent asymmetry

Fig. [f plots the time-dependent asymmetep(T) for By — putu~ (a) By — yu™u~ (b)
andBs — yu™u~ (c) decays. The region around théy andy/’ resonances.83 < §< 0.55 was
excluded from the integration while calculating the time-dependent asymmeThésprocedure
corresponds to the analysis of the experimental data.

The asymmetry irBy decays reaches a level of 10% at the time-scale of aBaweson
lifetimes (tg,=1.53 ps) and may be studied experimentally. It also exhibits a sensitivity the the
extentions of the SM.
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Figure 3: Agg(S) for By — yu*p~ decays: (a) In the SM. (b) F&@;, = —C3. (c) ForCey = —C)".

(d) ForCion = —Cfo'\f\. Solid line (black): the asymmetry calculated for the fulh@glitude of Ref. ].
Dashed line (red): the asymmetry calculated for the anqgditwithout the contributions of light neutral
vector mesonsy, p°, thecc resonancesl(y, ¢/, ...) Bremsstrahlung, and the weak annihilation.
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Figure4: The influence oB-meson flavor oscillations upon CP-violating asymmetr{@$By — yu* -,
(b) Bs — yutu~. Dashed line (red)Acp without resonances and without flavor oscillations; Dottad
(blue): Acp with resonances but without flavor oscillations; Solid litack): Acp after flavor oscillations
have been taken into account.

Conclusions

We presented the analysis of the forward-backward and the CP-viokgimgmetries in rare
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Figure 5: Time-independent CP-asymmetip($) in By — pu*u~ decays. (a) SM (b7, = —C3)
(c)Cyv = —CSVM. Flavor oscillations have been taken into account. Satid (black) line: full asymmetry.
Dashed (red) line: nonresonant asymmetry. Dotted (blane)dhows the asymmetry if flavor oscillations are
not taken into account.

semileptonic and radiative leptoriizdecays. Our results may be summarized as follows:

1. We obtained the analytic results for the time-dependent and time-indep&iRiaaymmetries
in rare radiative leptoni8-decaysBys — y¢/ (.

2. We presented numerical results for the forward-backward asymimeBgy— gu™ u~ decays
which may be measured in the near future at the LHCb. This asymmetry, &b loeu
expected, has a very similar shape to the asymmetByin~ K*u™u~ decays and thus
may be used for “measuring” the signs of the Wilson coeffici€ajsCoy, andCyga.

3. We studied the forward-backward asymmetrify — y¢* ¢~ decays taking into account the
vector resonance contributions, the Bremsstrahlung, and the weaklatmiheffects. We
noticed that the light neutral vector resonances strongly distort theesfape asymmetry
at small values of the dilepton invariant mass. In particular, in the SM theseaaces lead
to a sizeable shift of the zero point of the full asymmetry compared to themsnd of the
non-resonant asymmetry. Theg in this reaction reaches 60% and thus may be studied
experimentally at the LHC and the future Super-B factory.
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Figure 6:  Time-independent CP-asymmetizp(8) in By — yutu~ decays. (a) SM (b7, = —C5)"
(c) Cov = fCQSV'V'. Solid (black) line: full asymmetry. Dashed (red) line: mesonant asymmetry. Flavor
oscillations have been taken into account.
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Figure 7: Time-dependent asymmetAep(T): (@) By — putu~; (b) By — yutpu=; (c) Bs — yuu~.
Solid line (black): SM. Dashed line (red};, = —C?). Dotted line (blue)Cov = —Cg)".

4. We analysed the CP-violating asymmetries (both time-dependent and tinpeialdat) in
By — putu~,Bs— @utu~, andBsqg — yu' u decays.

The asymmetries iBs decays are found to be very small and therefore to be of no practical
interest.

The asymmetries By decays reach measurable values and thus might provide additional
tests of the SM and its extentions. These potentially interesting cases aréhe(ijmie-
independent CP-violating asymmetyp($) in By — pu™u~ decays in the region below

cc resonances (10-30 % level) aidp(S) in By — yu™ u~ in the region of light neutral
vector resonances (5-10 % level). (ii) The time-dependent CP-violasypg@etryAcp(T)

in By — (p,y)u™u~ decays (10% level).
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