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1. Radiative and Electroweak decays

11 b—sy

To exploit the full potential oB— Xsy in constraining the parameter space of beyond the SM
scenarios both the measurements and the SM calculationdgdshe performed as accurately as
possible. The most precise measuremen%jB_H Xsy) is the Belle inclusive result [1] with a
factor 2 more data than their previous measurement. Thalsigextracted by collecting all high-
energy photons, vetoing those coming frathandn decays to two photons. The main background
contribution, coming fronete~ — qq (g = u, d, s, ¢) events (referred as continuum), is subtracted
using the off-resonance sample (data taken 30 MeV belowtd&) resonance). The analysis
proceeds in two different streams, with a lepton tag andouthresulting in final samples that give
similar sensitivity to the signal being largely statistigandependent. In this measurement, the
B— Xsy branching fraction was obtained with various minimum pinoémergy requirement, 1.7
to 2.1 GeV. Although lowerindE, to 1.7 GeV causes larger systematic error from the backgroun
it will encourage a deeper understanding of the theory uacies, especially on those related to
the extrapolation. A weighted average taking into accol@tcbrrelation between the two streams
is shown in Fig. 1.1(left). Atthe 1.7 GeV threshold (97% of Bh— Xsy phase space), the partial
branching obtained is

B(B — Xsy) = (3.45+ 0.15(stah) + 0.40(sysh) x 1074 (1.1)

The dominant systematic error is coming from the size of #mae of off-resonance data used to
subtract continuum. The present experimental world aweragluding measurements by CLEO,
Belle, and BaBar, is performed by the Heavy Flavor Averadgirgup [2] and reads for a photon

energy cut ok, > Eg with Ecyt = 1.6 GeV in theB-meson rest frame

PB(B— Xsy) = (3.55+0.25+0.09) x 1074 (1.2)

The calculation of thé — Xsy branching ratio has been completed up to Next-to-Next Lepdi
Order (NNLO) [3] and gives foEg,; = 1.6 GeV, %(B_—> Xsy) = (3.15+0.23) x 10~4, consistent
with the experimental value. These results place tight traims on models of new physics. For
example, in the two-Higgs-doublet model 1l [4], the chargitidgs mass is constrained to be above
300 GeV(? at the 95% confidence level (C.L.).

1.2 b—»dy

In the SM the inclusive rate fdy — dy is suppressed relative th— sy by a factor|Viq /Ms|?,
where|V 4| and|V;s| are Cabibbo-Kobayashi-Maskawa matrix elements. Measmenof|\iq /M|
using the exclusive modé&®s — (p,w)y andB — K*y [5, 6] are now well-established, with the-
oretical uncertainties of 7% from weak annihilation androad form factors [7]. Although the
experimental errors are still larger than the theoreticairs, the size of the theoretical error could
hardly be reduced.

A possible technique to improve the situation is the ineledd — Xgqy measurement by using
the "sum-of-exclusive” method. BaBar has reconstructedty system in seven final states [8],
oy, Py, mtmnty, it Py, mt oy, nt Py, mhny, in the mass range
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Figure 1. (left) The extracted photon energy spectrunBof> Xs,dy by Belle after correction by the selec-
tion efficiency. (right) Longitudinal polarization fracti, forward-backward asymmetry and isospin asym-
metry of B — K*I7I~ by Belle. Solid lines show the SM predictions, while othernvas are for non-SM
extreme case (for which the sign of the Wilson coefficients flipped).
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Figure2: Projections ofAE with 5.275 <mgs < 5.286 GeVi? for (a) B — Xsy and (¢)B — Xyy, and ofmes

with —0.10 < AE < 0.05 GeV for (b)B — Xsy and (d)B — X4y by BaBar. Data points are compared with
the sum of all the fit contributions. The dashed line showsstheal component.
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0.5 < My, < 2.0 GeV£L?, which covers about 60% of the total branching fraction. fideo to re-
duce the uncertainty due to missing modes and phase sgacenodes have also been measured
in the corresponding seven final states in the same mass, rahgee the firstt™ is replaced with
K*. Figure 1.2 shows the fits to data Br— Xsy andB — Xgy in the high mass regions. This is
the first significant observation of the— dy transition in the region above 1.0 Ge¥/ The ratio

of the two inclusive branching fractions has been measurée t

%(B — Xqy)

= 0.040+ 0.009(stap £+ 0.010(sys?, 1.3

which is converted tdViq/Vis| = 0.199+ 0.022(stad + 0.024(sysh + 0.002(th). This result is in
agreement with the determinatiofyq/Vis| = 0.2059+ 0.001(staf) + 0.008(syst, from the box
diagrams using the ratio &° andB2 mixing parameterémy /Ams, whereAmy is measured at the
B factories and\mg at Tevatron [2].

13 b—dfI™

The rareB — X¢ "I~ decays form another class of flavour-changing neutral atigleCNC)
processes, which proceed in the SM only through loop eff@die richer structure of the final state
allows tests complementary to those performed in the wedilatige B — Xsy decays. In addition
to the total branching fraction, one can study the dileptoaiiant mass, the forward-backward
asymmetry, and various polarization observables.

Despite of their small branching ratios, the exclusive gett@mnnel8 — K*)| ]~ have been
measured efficiently with small background by BaBar [9] amdlld[10]. Signal yields of 247 and
162 events foB — KI*I~ andB — K*I71~ by Belle have been subdivided into six binsosfto
measure the differential branching fractions and asymewetiThe most interesting observables at
this stage are the fraction of longitudinal polarizatignfrom the kaon angular distribution and the
forward-backward asymmetry from the lepton angular distiion of theB — K*| ™1~ decay. As
shown in Fig. 1.1(right), the results have positigs in high ¢?, which set non-trivial constraints
on the Wilson coefficients. Statistics is not large enougtellaf there is the zero-crossing point
at low g?, although the results favor the case with no crossing, fackhithe sign of the Wilson
coefficientCy is flipped. The results are in agreement between Belle, BaB&CDF [11].

The Belle collaboration presented an improved measurepfahe branching fraction of the
electroweak penguin proceBs— Xd "I, wherel *1~ is an electron or a muon pair and is an
hadronic system containing aquark. TheXs hadronic system is reconstructed from dé or
Kg and up to four pions, where at most one pion can be neutrak Miasurement is based on a
sample of 65% 1(PBB events. Averaging over both lepton flavors, the inclusianbhing fraction
is measured to b&#(B — Xd *17) = (3.33+0.8(stay T 323(sysp) x 1076 for M+ > 0.2 GeVL2.
The results are in good agreement with the SM prediction. (E) and strongly disfavor the case
with flipped sign ofC7 [12].

2. Leptonic DecaysB — |v

In the SM, the purely leptonic dec& — T~ v; proceeds via annihilation df andu quarks
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Figure 3: Spectra ofXs mass andy? of the dilepton system fdB — X<l 1~ by Belle.

to aW~ boson. The branching fraction is given by

2
BB 1v) = Wu— gﬁfé\vubr%a (2.1)
B

whereGe is the Fermi coupling constantg andm are theB and lepton masses, respectively, and
1g is the B~ lifetime. In models beyond the SM there can be additiona-texel contributions
such as & (s-channel) [13] or sfermionss(t-channels) irR parity violating SUSY models [14].
The SM predictions, using recent world average values\igy], g and fg, are Z(B — ev) =
1.7x10 11, (B — uv)=7.1x 10" and#(B — 1v) = 1.2 x 10~%. The tree-level partial width
(including onlyWw* andH®* contributions) is given as follows [13]:

GZm,
BB —1v) = %(L%)ngwmzmxm, 2.2)
wherery is independent of the lepton flavour and is given by
M3
ry = (1— —2tarf B)>2. (2.3)
e,

The measurement & — 1V is experimentally difficult due to the final state, and is [lglssonly

at theB factories. One of the twB mesons of the event is reconstruct&g}4), and the properties
of the remaining particle(s)Bgig) are compared to those expected for signal and backgroumel. T
first evidence for the deca® — Tv was found by the Belle collaboration using 414 fof data
collected at they(4S) [15]. In this analysisBag is fully reconstructed in hadronic modes, whereas
in the signal side, we search for decaysBafy into a T and a neutrino, where the lepton is
identified in one of the five decay modes, v, v;, € VeV, T vy, m mPv; andrr rh T vg, which

in total correspond to 81% of all decays. The most powerful variable for separating signel an
background is the remaining energy in the electromagneticrimeter (ECL), denoted aSgc

(or Eextra), Which is the sum of the energies of neutral clusters thatnat associated with either
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Figure 4: Egc| distribution in the data after all selection criteria appgli(except the one oBgc) for
Belle semileptonic tag (left) and BaBar hadronic tag (rgfithe data and background MC distribution are
represented by the points and the hatched histogram.

the Biag OF the n® candidate from the~ — v, decay.Egc, is consistent with zero for signal
events. Figure 2 shows th&:c| distribution obtained for the recent BaBar hadroBi¢ag [18]
and the Belle semileptoniB tag results [16]. Table 1 summarizes the results obtaineth®
factories, they are all in agreement and above the SM piedict

Tag % (1074 3(o) Reference
Hadronic (17975357089 3.5  Belle [15]
Semileptonic (15473387529 3.6  Belle [16]
Hadronic (1.80702,+0.26) 3.6 BaBar[17]
Semileptonic (1.7+0.8+0.2) 2.3 BaBar[18]

Table 1: Summary of the branching fractions for tBe— tv obtained by Belle and BaBak. is the signifi-
cance in standard deviations)(

3. B—D®1y

Measurements of semileptonic decaysBofmesons to the lepton can also provide impor-
tant constraints on the SM and its extensions. Due to the largss of the lepton in the final
state, these decays are sensitive probes of models withdedeHiggs sectors [19], and provide
more observables (for example, thepolarization) sensitive to new physics than purely leptoni
BT — 11v. The effects of new physics are expected to be largBr-in Dr*v than inB— D*TTv.

The predicted branching fractions for the SM are around 1adfb 0.7% forB® — D*~1+v and
B® — D~ ttv, respectively [20]. Despite of these relatively large lofsing fractions, multiple



Rare B decays Karim Trabelsi

H
)
T =) T

N / 4 MeV/c?
N / 80 MeV/c
3

a
o

20

85522 524 526 528 53 % 05 1 15 2
M, [GeV/c?] Poo [GeVic]

,C)

N / 4 MeV/c?
A

3

T
N /80 MeV/c
S

T

&
>—£—<

H
o
S

Qo5 53 % o5 1 15 2
Mo, [GeV/c?] Poo [GeVic]

Figure5: The fit projections tdVliag andPoo for Miag > 5.26 GeVE? (a, b) forD*01t v, (c, d) forD%rtv.

The black show the result of the fits. The solid dashed curepeesent the background and the dashed
dotted ones show the combinatorial component. The dot-tasied and dot-short-dashed curves represent,
respectively, the signal contributions frdbi®t+ v andD°7* v. The histograms represent the MC-predicted
background.

neutrinos in the final states make the search for semi-tau®diecays very challenging. Recon-
struction of theByyg, as forB — 1v, allows one to calculate the missing four-momentum in the
Bsig Which helps to separate signal events from copious backguAlso the presence ofBaag
strongly suppresses the combinatorial and continuum laokgs, but the disadvantage is the low
reconstruction efficiency. To increase statistics, Bag can be reconstructed "inclusively” from
all the remaining particles after thi&jg selection. This method was used successfully by the Belle
collaboration [21] for the first observation of tB8 — D*~ttv decay. Recently, Belle [22] applied
the same procedure to measure the branching fractioBs et D*°7+v andB* — D%7tv. In a
data sample of 65% 10° BB pairs, a signal of 44&¢ events of the decaB* — D*°1*v with a
significance of 8.1 standard deviatioms) @nd 14642 events of the decagt — D°t*v with a sig-
nificance of 3.9 are obtained from a simultaneous fit of the two modes. Therlattjnal provides
the first evidence for this decay mode. The fit projectionMjg, andPyo, the beam-energy con-
strained mass and the momentunmBgf; measured in th&(4S) frame respectively, are shown in
Fig. 3. The branching fractions measured &8 — D*°1+v) = (2.12328(stay + 0.29(sys})%
and#(B— DO1*v) = (0.77+0.22(stah +0.12(sysh )% which are consistent within experimental
uncertainties with the SM expectations [20].
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Figure 6: mes and AE projections forB® — yy by BaBar. The points represent the on-resonance data,
the solid curve represents the total PDF, the dashed curtreeisontinuum background component, the
dot-dashed curve is the signal component.

4. B — yy

In the SM, the deca® — yy occurs through a FCNC transition involving electroweakploo
diagrams. A leading order calculation for the branchingticn of B® — yy yields an estimate of
3.1j‘15:‘g x 10~ [23]. This mode is also sensitive to new physics that coudd k& an enhancements
of the branching fraction due to possible contributions @h+sM heavy particles occurring in the
loop of the leading-order Feynman diagrams. The best pusvipper limit on the branching frac-
tion at 90% C.L. isZ(B° — yy) < 6.2 x 1077, obtained by Belle using a data sample of 104'fb
A recent search for this rare decay was performed by BaBdr 426 fo! of data [24]. A signal
yield 21j§ is obtained (Fig. 4), with a statistical significance ofd.Based on this result, a 90%
C.L. upper limit of Z(B° — yy) < 3.3x 1077 is set.

5. Exotic decays

One important question regarding neutrinos is whether #ireyof Dirac or Majorana type.
If they are Majorana-type neutrino states, such a neutramnot be distinguished from its own
anti-particle. As a result, lepton-number-violating pgeses can occur where lepton number is
changed by two unitsAL = 2). CLEO collaboration searched f&" — h~I"I* (with h= 1, K,
p andK*) decays and placed upper limits on the corresponding bmagdhactions in the range
(1.0—8.3) x 10°° [25]. Using 772« 10° BB pairs, Belle has recently performed the first search for
Bt — DIt whose branching fraction could, with a heavy Majorana rieatmass in (2-4) GeV
range, be in the order of 1@ or larger [26]. No events are found in thilg., AE) signal box as
shown in Fig. 5. Assuming a 3-body phase space to estimatefficeency, the following 90%
C.L. upper limits on the branching fractions are s@t(B™ — D-efe") < 2.7x 10°%, #(B* —
D etut)<19x10%and#(B* - D utut) <1.1x10°,

6. RareBs decays at Y(5S)

With a large sample of data collected on ¥i&S) (121 fb~1), Belle can begin to search for rare
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Bs decays, taking advantage of tiiee~ environment, a low particle multiplicity and a good signal-
to-background for low energy photons. Various rare loagdited decay modes have been searched
in a limited sample of 23 fb!, including Bs — yy (Fig. 6), Bs — @y [27] andBs — K+*K~ [28].

The limit (Bs — yy) < 8.7 x 1075, is already the most stringent in the world.

7. Conclusion

The B meson system represents an ideal framework for the studgwadrfphysics, the range
of clean and powerful observables is very extensive. Inrigew we have summarized the most
recent results on the raBmeson decays obtained with the large data samples @ fhetories.
These includd — Xsqy, B— Xd *17, Bis) — yy andB — tv results.

The dramatic increase in luminosity of the SupBefactories (a factor 50) will allow

significant improvements in many important existing measwents, but also many channels and
observables will be available for the first time.
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