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Radiative and leptonic decays of B-mesons represent an excellent laboratory for the search for New Physics. I
present here recent results on radiative and leptonic decays from the Belle and BABAR collaborations.

1. Radiative Penguin and Leptonic B-
meson Decays

Radiative penguin decays of B-mesons, in
which a b quark transitions to an s or d quark ac-
companied by either a photon or a pair of charged
leptons (Fig. 1), are a sensitive probe of New
Physics (NP) beyond the Standard Model (SM).
These flavour changing neutral current decays
are forbidden at tree level in the SM and hence
strongly suppressed. In many NP scenarios these
decays appear at the one-loop level, i.e., at the
same order as the SM processes. Hence, the con-
tributions of NP to branching ratios and asym-
metries can be as large as the SM contributions,
making these decays a good hunting ground for
New Physics.
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Figure 1. Feynman diagrams for radiative pen-
guin processes. Additional diagrams with Z° and
W# propagators not shown.

Leptonic B-meson decays, in which all final
state particles are either charged leptons or neu-
trinos, are also often sensitive to the presence of

New Physics. As with the radiative penguin de-
cays, virtual heavy particles predicted by NP can
contribute to leptonic decays.

In this report, I discuss recent measurements of
radiative penguin and leptonic B-meson decays
performed at the BABAR [I] and Belle [2] experi-
ments.

2. Inclusive B — X~

The branching fraction of the Standard Model
inclusive B — X7 process is calculable to a pre-
cision of around 8% [3]:

B(B — Xs7)|E,>1.6cev = (3.15+0.23) x 1074,

where the rate is computed above the conven-
tional lower limit of 1.6 GeV. The good precision
of this calculation makes this process a powerful
one in the search for NP and considerable experi-
mental efforts have been put into making precise
measurements of the inclusive rate.

Inclusive measurements are generally experi-
mentally more difficult than reconstructing exclu-
sive states: the lack of kinematic constraints leads
to large backgrounds that require careful treat-
ment. Recent measurements of B — Xy have re-
lied on reducing the background from light quark
events by tagging the other B-meson in the event,
either by reconstructing it fully [4] or by identi-
fying the lepton coming from a semi-leptonic de-
cay [3].

Ideally, one would like to measure the branch-
ing fraction over the full photon energy range, but
experimental considerations require a minimum
photon energy, generally in the neighborhood of
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1.8-1.9 GeV. Since the extrapolation down to 1.6
GeV introduces some model-dependence, exper-
imentalists strive to keep this photon energy re-
quirement as low as possible.

Belle has recently reported a new preliminary
measurement of B — X,~, based on 605 fb~! of
data, where they do not require any sort of tag-
ging of the other B-meson [6]. The advantage of
this approach is the large gain in efficiency. The
large backgrounds from continuum (light quark)
events are suppressed using two Fisher discrimi-
nants, which exploit the topological differences in
signal and background decays. Additional back-
ground suppression is achieved by directly recon-
structing and vetoing 7° — vy and n — vy de-
cays.

The remaining continuum background is es-
timated by analyzing data taken off-resonance,
where no B-meson decays are present. Back-
grounds from BB events are estimated using sim-
ulated events. Studies of control samples of real
data allow for the correction of the Monte Carlo
estimates for the major contributions to the BB
backgrounds.

The resulting background-subtracted photon
spectrum for B — X, decays is shown in Fig. 2l
The partial branching fraction, measured in the
range 1.7 < B, < 2.8 GeV, where I, is measured
in the B-meson rest frame, is found to be

B(B — Xsy) = (3.31+0.1940.37 £ 0.01)x10~*

where the errors are statistical, systematic and
the uncertainty arising from translating from the
center-of-mass frame to the B-meson rest frame.
The value of the lower energy cut, 1.7 GeV, is the
lowest achieved thus far in a measurement of in-
clusive B — X¢v. These results are preliminary.

3. Analysis of B — K" ¢t~

The decays B — K/t~ are exclusives
modes of the b — sfT£~ process, which is analo-
gous to the b — sv decay, with the photon pro-
ducing a lepton pair. In the b — s¢T¢~ case, how-
ever, there are electroweak contributions, with
the Z° boson replacing the photon, plus an addi-
tional “box” diagram involving W+ bosons. The
contributing amplitudes are expressed in terms of
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Figure 2. The extracted photon energy spectrum
for Belle’s measurement B — X, 4v. The two
error bars show the statistical and total errors.

hadronic form factors and effective Wilson coef-
ficients C&f, C§f and Cff, corresponding to the
electromagnetic penguin diagram, and the vector
and axial-vector part of the Z% and WW~ box
diagrams, respectively [7].

The rate for b — sf™£~ is quite small and ex-
perimental efforts have mostly been expended on
studying exclusive states, where the background
can be kept to a low level. This means that
branching fraction measurements become less im-
portant, since the uncertainties on the SM pre-
dictions for exclusive B — K®)¢T¢~ are on the
order of 30% []].

The presence of the lepton pair in the final
state gives rise to new observables, compared to
B — Xgv, such as the forward-backward lepton
asymmetry and the K* polarization fraction. Ad-
ditional quantities that are sensitive to NP, such
as the direct CP and isospin asymmetries and the
lepton flavour ratio, tend to have more precise SM
predictions than the branching fractions, because
some uncertainties cancel when taking ratios. In
general, the effect of NP on these quantities will
be a function of ¢> = m% ,—» and measurements
are performed in bins of ¢> where possible.



Recent measurements of these quantities have
been performed at BABAR [9/I0]. The following
preliminary results are based on a data sample of
384 million BB pairs.

The decays B — K®)¢t{~ are reconstructed
in ten different final states containing an eTe™ or
wtp~ pair, together with a K2, K+ or K*(892)
candidate, where K*(892) is reconstructed in the
Ktr=, K*7% and K97t modes. The primary
backgrounds from semileptonic decays of B and
D mesons are suppressed using multivariate tech-
niques, while events containing J/v or ¢’ decays
are vetoed explicitly.

The events are divided into a low ¢* region
(0.1 < ¢® < 7.02 GeV?/c*) and a high ¢? region
(¢® > 10.24 GeV?/ct).

B-meson candidates are identified using the
kinematic variables mps = +/s/4—p} and
AE = Ej — +/s/2, where p}; and Ej are the
B momentum and energy in the Y(4S) center-of-
mass (CM) frame, and +/s is the total CM energy.
Typically, a selection is made on AE (either £40
MeV or +50 MeV, depending on the ¢* region)
and a fit to mgg is used to extract the signal
yield.

Example mgg fits are depicted in Fig. Bl which
shows the distributions for neutral and charged
K and K* channels in the low-¢? region.

3.1. Direct CP, Isospin and Lepton
Flavour Asymmetries
The extraction of event yields described above
allows the measurement of several asymmetries
that are sensitive to the presence of New Physics.
The direct CP asymmetry

BB - K"t~y - BB - K&rter)
BB — K t+0-) + B(B — K@ +0-)
is expected to be O(1073) in the SM, but new
physics at the electroweak scale could produce a
significant enhancement [I1]. The results found
for this analysis are reported in Table [l We find
no evidence for a deviation from the Standard
Model.

In the Standard Model the ratio of rates to di-
muon and di-electron final states
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Figure 3. Distributions of mpgs with fit re-
sults in the low ¢* region for the BABAR B —
K ¢t¢~ analysis. Total fit [solid], combinatoric
background [long dash], signal [medium dash],
hadronic background [short dash], peaking back-
ground [dots].

is very close to one [12]. In some NP models,
such as supersymmetry, this ratio can be altered
significantly. Deviations from unity as large as
~ 10% are possible for large values of tan 3 [13].

In the region ¢% < (2mu)2, where only the ete™
modes are allowed, there is a large enhancement
of K*ete™ due to a 1/¢? scaling of the photon
penguin. The expected SM value of Ry« includ-
ing this region is 0.75 [12]. The results for Ry -,

Table 1

Acp results from BABAR. The high ¢ region,
not shown here for lack of space, appears in [9].
The quoted errors are statistical and systematic,
respectively.

Mode combined ¢ low ¢2
Ktete—  —01870 15 £0.01  —0.1870 17 £0.01
K*Orte— 0027020 £0.02  —0.23703% +£0.02
K*tete= 0017929 £0.02 0107535 £0.02

K*eto- 0.017018 +0.01  0.01F5 3 +£0.01




Table 2

Ry (+) results in each ¢ region. The extended
(“ext.”) regions are relevant only for Rg~. The
errors are statistical and systematic, respectively.

q°> Region Ry Ry
A +0.53 +0.44

combined 1.3770'20 +0.09 0.967 5, +0.05
ext. comb.  1.1079:32 +0.07 —
+0.58 +0.30

low 1.0170-°% £0.08  0.407039 + 0.02
ext. low 0.5610:2% £0.04 —
: +1.42 +0.81

high 215722 £0.15  1.06705] +0.06

shown in Table 2] indicate no deviation from the
Standard Model.
The CP-averaged isospin asymmetry:

AK(*) —

K=
— K0pt¢=)y — rB(B* — K)*Epty—)

B(B
B(BY — K(0¢+(-) ¢ rB(BE = KOE(+(-)’

where r = 79/7+ = 1/(1.07 £ 0.01) is the ratio
of the BY and B lifetimes [14], has a SM ex-
pectation of 6 — 13% as ¢> — 0 GeV? [I5]. A
calculation of the predicted K*t and K*0 rates
integrated over the low ¢? region gives AK T =
—0.005 £ 0.020 [I6U17].

The results for the isospin asymmetry are pre-
sented in Table Bl While we find no significant
asymmetry in the high or combined ¢ regions, we
do measure a large asymmetry in the low ¢? re-
gion. The origin of this non-zero asymmetry can
be observed in Fig. B above, where fewer events
are found in the neutral modes compared to the
charged modes. Combining all modes in the low
¢2 region, we find AKX = —0.6479:15 4 0.03. In-
cluding systematics, this is a 3.9¢ difference from
a null A{d*) hypothesis.

This large isospin asymmetry is unexpected in
the Standard Model, which predicts essentially
zero asymmetry integrated over the low ¢? region.

These results are preliminary.

3.2. Angular analysis of K*/T/~ decays

It is also possible to probe the effects of New
Physics by analyzing the angular distributions of
the decay products in K*¢T¢~ decays as a func-
tion of ¢? [18]. In particular, the K* polarization
fraction can be determined from the distribution

Table 3

AK “ results from BABAR. The high ¢2 region,
not shown here for lack of space, appears in [9].
The errors are statistical and systematic, respec-
tively. The last table row shows K*eTe™ results
for the extended regions.

Mode combined ¢ low ¢2
= F0.29 FI.2
Kutp 0.137022£0.04 —0917.7+0.18
Kete™ —0.73702% £ 0.04  —1.41%029 £ 0.04
Kete- —0.377027 £0.04  —1.43%035 £0.05
* — +0.36 +0.50
K*ptp~  —0.007535 £0.05 —0.2670:35 +£0.05
K*ete™  —0.2070224+0.03 —0.6610 1 £0.02
K*¢te—  —0127018 £0.04  —0.567017 +£0.03
K*ete™  —0.277070£0.03 —0.257070 £0.03

of the angle Ok
3 9 3 9
§FL cos” Ok + 1(1 — F)(1 — cos” Ok)

where 0k is the angle between the K and B di-
rections in the K™ rest frame.

Furthermore, the lepton forward-backward
asymmetry, App, can be determined from the
distribution of the angle 6,

ZFL(l — cos®6y)
—i—g(l — F1)(1 +cos® 0;) + App cosby.

Here 6, is the angle between the £* (£7) and the
B (B) direction in the /T¢~ rest frame.

Fits to the K*¢T¢~ sample are shown in Fig.
and the extracted values of Fy and App are
shown in Table [ and plotted in Fig. Re-
sults are consistent with the Standard Model, and
the App results exclude a wrong-sign CyC1q from
purely right-handed weak currents at 3o signifi-
cance.

These results are preliminary.

4. Search for B — w¢*t¢~

The rare mode B — w¢*T¢~ is the b — dvy ana-
logue to the B — K{T¢~ decay. The Standard
Model rate for B — wfT¢~ is thus suppressed
relative to the B — K/{*¢/~ mode by the fac-
tor [Vig/Vis|? ~ 0.04; the SM predictions for the
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Figure 4. K*{T¢~ fits from BABAR: (a) low
¢* mgs, (b) high ¢* mgs, (c) low ¢* cosfk,
(d) high ¢* cosfk, (e) low ¢* cosfy, (f) high
q? cosfp; with combinatorial (dots) and peaking
(long dash) background, signal (short dash) and
total (solid) fit distributions superimposed on the
data points.

Table 4

Results for the fits to the K{T¢~ and K*{T{~
samples. Ng is the number of signal events in the
mpggs fit. The quoted errors are statistical only.

Decay q° Ng Fr ArB

Kete—  low  26.0+5.7 +0.04+9:16
high  26.5+6.7 +0.20+0-14

K*¢t0~ low 272463 035+016 40247018
high  36.6 9.6 071792  40.761032

branching fractions are 3.3 x 1078 and 1.7 x 108
for the charged and neutral modes, respectively.
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Figure 5. Plots of BABAR'’s results for (a) App
and (b) Fp, for the decay B — K*{*t{~ show-
ing comparisons with SM (solid); C; = —C#M
(long dash); CyC1p = —CFMCHM (short dash);
C; = _0%91\4’09010 = —OE}SMC:“LSOA{ (dash—dot).
Statistical and systematic errors are added in
quadrature. Expected F7, values integrated over
each ¢? region are also shown. The F} curves
with CyCho = —CyMCFM are nearly identical to
the two curves shown.

Belle has recently performed a search for B —
70T ¢~ on a data sample of 605 fb~!, reconstruct-
ing both the neutral and charged modes, with ¢
being p or e [19]. A Fisher discriminant using 16
event shape variables suppresses background from
the continuum, while events containing J/v or ¢’
decays are vetoed explicitly. A fit to the beam-
constrained mass is used to extract the yields.

No significant signal was found. These pre-
liminary results, shown in Table Bl indicate that
current sensitivity is approaching the Standard
Model prediction for the charged mode, although
there is still a ways to go for the neutral mode.



Table 5

A summary of the signal yields (N,), reconstruc-
tion efficiencies (€), and 90% confidence level up-
per limits (U.L.) for B — wf*¢~.

Mode N; e (%) U.L. (1079)
BY - rtutp~ 05735 131 6.9
Bt —atete 14733 138 8.0
Bt — gtiti- - - 4.9
B — nOutp~ 51737 9.6 18.4
BY — mlete~ 27722 74 22.7
BY — 700t~ - - 15.4
B — wlte~ - - 6.2

5. Searches for B — K™ yp

The mode B — K®uw is similar to the
B — K®)¢*t¢~ mode, but with the charged lep-
ton pair replaced by a pair of neutrinos. Since
the neutrinos are not detected experimentally,
B — K*¢t{~ observables such as App are not
measurable and the focus on this channel has
been to measure its branching fraction.

The SM branching fractions are predicted to be
(3.8752) x 1079 and (1.3%53) x 1075 for the Kvw
and K*v7 channels, respectively [20]. These are
larger than for the corresponding B — K )¢+~
modes, but the missing neutrinos present consid-
erable experimental difficulties, leading to lower
sensitivities for this channel. The neutrinos’ mo-
mentum is typically inferred by reconstructing all
the other particles in the event. When the other
B-meson is fully reconstructed, the signal decay
yields a single charged track (or K* candidate)
and significant missing energy.

BABAR has recently performed searches for
B — Kvv and B — K*uvT reconstructing the
other B-meson in the event in a semileptonic de-
cay mode, B — D{v(X). Multivariate discrim-
inators are used to reduce the background. For
the B — K*v7U mode, a variable Eoya is con-
structed: it is the sum of the leftover energy in the
event, excluding the particles used to reconstruct
the tag-side B-meson and the signal K* candi-
date. An excess of events at Fexira ~ 0 would
be an indication of B — K*v7 decays. For the

B — Kvv channel, the multivariate discrimina-
tor is used to isolate the signal. For both chan-
nels, there is no evidence of a significant signal
and the derived 90% confidence level upper lim-
its are found to be

B(BT — K*"vp) < 9x107°

BB — K*%vp) < 21x107°

BBt - Ktwp) < 42x107°

The limits for B — K*v7 are better than pre-

viously report results [21], although we are still
fairly far from the SM prediction.

6. Status of B — 7v

The B — 71v branching fraction is given in the
Standard Model by

272
m
[1 - m—%} T+ BV |,

2 2
Gympm?

B(BT — 1tv) = -

where G is the Fermi constant, 75+ is the BT
lifetime and mp and m, are the Bt meson and 7
lepton masses. The branching fraction can be sig-
nificantly modified by New Physics containing a
charged Higgs boson. In minimal supersymmetric
models, for example, the SM branching fraction
is modified [22]:

B(BT — 7tv) =

9 12
B(B+ — T+I/)SM [1 — tan? ﬁ%] .
mi

Belle and BABAR have measured the branching
fraction of B — tv [23124125]. The experimental
techniques are similar to the B — K17 analy-
ses: reconstruction of the tag B-meson in either
a semileptonic or hadronic decay mode, multi-
variate discriminators to further suppress back-
grounds and construction of an Feyts variable,
which represents the energy left over after ex-
cluding daughters of the tag B-meson and the
7 lepton, reconstructed in one of: uTvw, et
7t or 70T, An excess near Eexira ~ 0 is a
signature of B — 7v decays.

Results are shown in Table While no sin-
gle measurement is highly significant, the average
is significant and consistent with the Standard
Model expectation.



Table 6
Results for B — 7v. The uncertainties on the
branching fractions are statistical and systematic.

Experiment Tag Branching

Mode Fraction
BaBar [23] had (1.8+£0.940.5) x 1072
BaBar [24] SL (0.94£0.640.1) x 1074
Belle [25] had (1.84£0.540.5) x 1074

HFAG Average - (1.41+0.42) x 1072

7. Conclusions

Radiative penguin and leptonic B-meson de-
cays are excellent probes for investigating the ef-
fects of New Physics. Although current measure-
ments are in agreement with the Standard Model
expectations, they are still quite useful for setting
bounds on possible NP models. The B — Xgv
and B — 7r measurements, for example, put
strong constraints on the mass of charged Higgs
bosons in Type II two-Higgs double models [26].
The B — X4 branching fraction measurements
also constrain models with universal extra dimen-
sions [27].

Finally, I would like to express my heartfelt
thanks to the conference organizers for a stim-
ulating conference and warm hospitality.
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