Radiative B Decays
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I discuss recent results in radiative B decays from the Belle and BaBar collaborations. I report new measurements
of the decay rate and C' P asymmetries in b — sy and b — dry decays, and measurements of the photon spectrum

inb— sy.

1. Introduction

Radiative penguin decays are suppressed in the
standard model (SM). They offer access to poorly-
known SM parameters and are also a sensitive probe
of new physics. The non-SM effects are potentially
large in these decays which makes them thoeretically
very interesting, but due to their small branching frac-
tions they are typically eperimentally challenging.

Radiative penguin decays are flavour changing neu-
tral currents which do not occur at tree level in the
SM, but must proceed via one loop or higher diagrams.
In the SM, the rate is dominated by the top quark
contribution to the loop, but non-SM particles could
also contribute with a size comparable to leading SM
contributions (see Fig. 1).

2.b — sy

Considerable work has gone into the theoretical
prediction for the b — sv branching fraction (BF),
which has now been calculated at the next-to-next-
to leading order as (3.15 & 0.23) x 10~* [1] and
(2.9840.26) x 104 [2]. A graphical comparison of the
theoretical predictions with the experimental results
is given in Fig. 2. Ther eis currently good agreement
between theory and experiment, and work continues
to reduce the errors on measurements to stringently
test the predictions.

As well as the branching fraction, quantities such as
the photon energy spectrum and various asymmetries
in b — sv decays can be measured. The photon energy
distribution depends on the mass (m;) and Fermi mo-
tion (up) of the b quark - the spectrum peaks at half
my as seen in Fig. 4. Measurements of the moments of
the photon spectrum can be used to reduce the model-
dependent error on the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements |V,| and |Vip|. In the stan-
dard model the direct CP asymmetry is less than
1%, and new physics effects can enhance this to up
to 15% [3]. The BBt partial rate asymmetry, or
isospin asymmetry, is predicted to be up to 10% in
the SM [4]

2.1. Recoil Method

A number of different experimental techniques exist
to measure the b — s7 transition. They are optimised
to reduce the significant ¢gg background (where ¢ =
u,d, s, c quarks), also called continuum background.

In the recoil method, one B in the decay (the re-
coil or “tag” B) is fully reconstructed in a number of
modes. The photon spectrum from other B (the signal
B) is measured. In a recent BaBar analysis [5] using
210 fb~1 over 1000 hadronic modes are used to recon-
struct the tag B. The signal B is constructed from one
high-energy photon, plus all tracks and neutral parti-
cles not used in the reconstruction of the tag B. This
technique allows the photon spectrum to be measured
in the signal B rest frame. The signal efficiency is
low (around 0.3%) but continuum background is es-
sentially eliminated. Using a photon energy cutoff of
E, > 1.9 GeV the b — sv branching fraction was
found to be

BF(B — X,v) = (3.65 £ 0.85 4+ 0.60) x 10~*
(E, > 1.9 GeV)

where the first error is statistical and the second sys-
tematic. Extrapolating down to a photon energy limit
of B, > 1.6 GeV gives:

BF(B — X¢y) = (3.91+ 1.11) x 1074
(E, > 1.6 GeV).

Using a more restricted photon spectrum of E, >
2.2GeV the C'P and isospin asymmetries for b —
(s,d)y were found to be

Acp =0.10 + 0.18 4 0.05
Ag_ = —0.06 £ 0.15 + 0.07

respectively. From the photon spectrum, shown in
Fig. 3 the b quark mass and the Fermi energy can be
caculated, giving

my = 4.46703% GeV

P2 =0.64753% GeV?.
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Figure 1: Feynman diagrams for radiative penguin decays, showing the stndard model loop and various new physics

scenarios.
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Figure 2: Summary of theoretical predications and exper-
imental results for the b — sv branching fraction.
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Figure 3: Photon energy spectrum for b — sv decays mea-
sured by the BaBar collaboration using a recoil method [5].

2.2. Inclusive Method

Belle has recently made the first measurement of
b — sv to extend down to a photon energy of £, >
1.7GeV, using 605fb~"' of data. The technique used
is a fully inclusive one, where only the signal photon is
reconstructed and the background from non-B decays
is reduced using lepton tags from the non-signal B.
Vetoes are used to remove photons from 7% and ns by
rejecting high energy photons if, when paired with any

other photon in the event, they possess an invariant
mass near that of a 7° or n. Topological event infor-
mation is used to suppress continuum backgrounds -
BB decays tend to be spherical in shape in the centre-
of-mass (CM) frame, whereas continuum events are
more jet-like. After cuts have been made, there still
remains significant background which is subtracted
using off-resonance data for continuum background,
and Monte Carlo simulated events for other B back-
grounds. Figure 4 shows the photon energy spectrum
after background subtraction.

The branching fraction for b — sy was measured to
be

BF(B — X4v) = (3.31+£0.194+ 0.37 £ 0.001) x 10~*
(Ey > 1.7 GeV)

where the first error is statistical, the second system-
atic and the third due to uncertainty in the boost.
Extrapolating to photon energies above E, > 1.6 GeV

BF(B — X¢v) = (3.31£0.41) x 10~*
(Ey > 1.6 GeV)

From the photon energy spectrum, shown in Fig. 4
the first and second moments are found to be

< By >=2.28140.032 4+ 0.053 4+ 0.001 GeV
< E2> - < E, >%=0.0396 + 0.0214 + 0.0012 GeV?

respectively.

2.3. Semi-inclusive method

BaBar recently presented an updated measurement
of the CP asymmetry in b — s7v decays, made using
a semi-inclusive method. In this type of analysis, the
inclusive decay is approximated using a reconstruction
of many exclusive final states. This analysis used 16
exclusive B — X, final states which cover approx-
imately 50% of the total width within the hadronic
mass range of 0.6 < M(X,) < 2.8GeV/c?, which cor-
responds to a photon energy cutoff of I, > 1.9GeV.
Continuum background is reduced with a boosted de-
cision tree multivariate tool and fake high energy pho-
tons from 7° or 1 decays are removed using vetoes
described above. The CP asymmetry is measured
from a fit to the beam-constrained mass mgg in the
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Figure 4: The photon energy spectrum in b — sy mea-
sured by the Belle collaboration using a fully inclusive
method, after background subtraction. The shaded area
is the region used for the measurements described in the
text. The absence of events outside this region indicates
the the backgrounds have been successfully subtracted.

b — sy and s — Sy channels, as shown in Fig. 5, where
mes = \/Ej.pm — D5, Where Ep, is the beam en-
ergy in the CM frame, and Pj is the B momentum in
the CM frame. The result is the most accurate mea-
surement to date of the direct C'P violation in this
decay:

Acp(b— sv) = —0.012 £ 0.030 & 0.018, [5]

where the first error is statistical and the second sys-
tematic. This is in good agreement with the standard
model prediction of -1%.

3.b — dvy

In the SM the rate for b — dv is suppressed with
respect to b — s by a factor of around 20, and is also
sensitive to new physics. Direct C'P asymmetries are
expceted to be 010%, but new physics effects could
significantly enhance this. The ratio of CKM matrix
elements V;4/Vis can be obtained from the ratio of
b — dvy and b — sy BFs, for example in the ratio of
exclusive decays using the formula:

* (1-m3/mE)

(1= mi./mp)?

BF(b — K*) G+ AR

BE(b —py) | Via
Vis

where ( is the ratio of form factors for B — py and
B — K*y and AR is a factor to account for the dif-
ferences in decay dynamics.
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Figure 5: mps distribution for b — sy decays (yop) and
b — 57 decays (bottom). Data point with error bars, with
signal contribution in green, BB in magenta, continuum
background in blue dashed.

3.1. B — (p,w)~ Branching Fractions
and V;4/V;,

The exclusive b — dry decays B — (p,w)y have
been extensively studied by both the Belle and BaBar
collaborations. Background from continuum decays is
more significant than for b — sy analyses and cross-
feed from mis-identified b — sy decays is also a prob-
lem.

The BaBar analysis [8] uses a combination of lep-
ton tags to suppress continuum background and con-
structed a neural net (NN) containing event shape
variables which is used in the fit to a dataset of
347x10% BB pairs. Also included in the fit are mgg,
AFE and the helicity angle, where AF is the energy
difference between the beam and the reconstructed B
meson AE = By — E%, where EF is the CM enery
of the B. The Dalitz angle is also included in the fit
to BY — wy. A fit is preformed in 4 dimensions (5 in
B — wv) using mgg, AFE, the helicity angle and the
neural net output (also the Dalitz angle in B — w~).
The measured branching fractions are

BF(B — py) = (1.36 £ 0.28 £ 0.10) x 10~°
BF(B — (p,w)y) = (1.25£0.25+ 0.09) x 10~°

where the first error is statistical and the second sys-
tematic.

The equivalent Belle analysis [9] uses 657x10% BB
pairs, and also deals specifically with the backgrounds
from B — K*vy decays. The fit uses mgg, AE and,
in the channel B — p%y, the invariant mass of the



7w pair with Kaon mass assigned to one of the pions.
The measured branching fractions are

BF(B — py) = (1.217022 £ 0.12) x 10~°

BF(B — (p,w)y) = (1.14 £ 0.20%919) x 1076,
To extract |Viq/Vis| we use the formula given in 1
and the theoretical quantities ( = 0.85 and AR =

0.1. Using the world average branching fractions, we
obtain:

= 0.206 £ 0.018

Via
Vis

This is represented graphically in the p,7 plane for
B° — p% in Fig. 6 and for B* — p*+ in Fig. 7.
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Figure 6: The limits on |V;q/Vis| for the ratio of branching
fractions of the neutral p and K* decays, shown in the p, 7
plane.

3.2. CP asymmetry in B — p~y

Belle recently presented a measurement of the direct
CP asymmetry in BT — pt~ using 657 x 105 BB
pairs [10]. A simultaneous fit is performed to m g, and
AFE for BT — p*ty and B~ — p~+ decays. Potential
asymmetries from background sources are included in
the systematic error, and a control sample of B — D7
decays is used to understand bias in the detector. The
direct C'P asymmetry is measured as

Acp(BY = pty) = 0.11 +0.32 + 0.09,

where the first error is statistical and the second sys-
tematic. The result is not statistically significant, but
it agrees with standard model predictions of 10%.
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Figure 7: The limits on |V;4/Vis| for the ratio of branching
fractions of the charged p and K* decays, shown in the p,7
plane.

3.3. Inclusive b — d~

BaBar has recently made the first measurement of
non-resonant b — dvy using 343x10% BB pairs, per-
forming a semi-inclusive analysis to approximate the
inclusive decay [11]. Seven exclusive final states were
used, with up to four pions and up to one 7% or
1. The measurement was limited to the mass range
1.0 < M(X4) < 1.8GeV/c? to exclude the p and w

resonances and found
BF(B — Xgqv) = (3.1£0.9£0.7) x 10°°

in this mass range. Work is on-going to convert this to
a fully inclusive measurement and an determination of
|‘/td/ ‘/ts .

4. Conclusion

Measurements of the b — sy decay are becoming
every more precise, in theory and experiment. Recent
measurements have been made of the branching frac-
tions with photon energy cutoffs at £, < 1.7GeV and
E, <1.9GeV, and CP asymmetry in the mass range
0.6 < M(Xs) < 2.8GeV/c2.

New measurements of b — d+ have also been made,
with the experimental error on the branching fractions
continuously decreasing and the first measurement of
the CP asymmetry in BT — pT~. The first evidence
for non-resonant b — d-y has been presented, and more
results are promised in the near future.

Radiative penguin decays continue to be a rich
source of information on SM parameters and offer a
unique probe into physics beyond the standard model.
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