
ar
X

iv
:h

ep
-e

x/
04

03
03

5v
1 

 2
3 

M
ar

 2
00

4

BABAR-PUB-04/012
SLAC-PUB-10386

Measurement of the Direct CP Asymmetry in b → sγ Decays

B. Aubert,1 R. Barate,1 D. Boutigny,1 F. Couderc,1 J.-M. Gaillard,1 A. Hicheur,1 Y. Karyotakis,1 J. P. Lees,1

V. Tisserand,1 A. Zghiche,1 A. Palano,2 A. Pompili,2 J. C. Chen,3 N. D. Qi,3 G. Rong,3 P. Wang,3 Y. S. Zhu,3

G. Eigen,4 I. Ofte,4 B. Stugu,4 G. S. Abrams,5 A. W. Borgland,5 A. B. Breon,5 D. N. Brown,5 J. Button-Shafer,5

R. N. Cahn,5 E. Charles,5 C. T. Day,5 M. S. Gill,5 A. V. Gritsan,5 Y. Groysman,5 R. G. Jacobsen,5 R. W. Kadel,5

J. Kadyk,5 L. T. Kerth,5 Yu. G. Kolomensky,5 G. Kukartsev,5 C. LeClerc,5 G. Lynch,5 A. M. Merchant,5

L. M. Mir,5 P. J. Oddone,5 T. J. Orimoto,5 M. Pripstein,5 N. A. Roe,5 M. T. Ronan,5 V. G. Shelkov,5

W. A. Wenzel,5 K. Ford,6 T. J. Harrison,6 C. M. Hawkes,6 S. E. Morgan,6 A. T. Watson,6 M. Fritsch,7 K. Goetzen,7

T. Held,7 H. Koch,7 B. Lewandowski,7 M. Pelizaeus,7 M. Steinke,7 J. T. Boyd,8 N. Chevalier,8 W. N. Cottingham,8

M. P. Kelly,8 T. E. Latham,8 F. F. Wilson,8 T. Cuhadar-Donszelmann,9 C. Hearty,9 N. S. Knecht,9 T. S. Mattison,9

J. A. McKenna,9 D. Thiessen,9 A. Khan,10 P. Kyberd,10 L. Teodorescu,10 V. E. Blinov,11 A. D. Bukin,11

V. P. Druzhinin,11 V. B. Golubev,11 V. N. Ivanchenko,11 E. A. Kravchenko,11 A. P. Onuchin,11 S. I. Serednyakov,11

Yu. I. Skovpen,11 E. P. Solodov,11 A. N. Yushkov,11 D. Best,12 M. Bruinsma,12 M. Chao,12 I. Eschrich,12

D. Kirkby,12 A. J. Lankford,12 M. Mandelkern,12 R. K. Mommsen,12 W. Roethel,12 D. P. Stoker,12 C. Buchanan,13

B. L. Hartfiel,13 J. W. Gary,14 B. C. Shen,14 K. Wang,14 D. del Re,15 H. K. Hadavand,15 E. J. Hill,15

D. B. MacFarlane,15 H. P. Paar,15 Sh. Rahatlou,15 V. Sharma,15 J. W. Berryhill,16 C. Campagnari,16 B. Dahmes,16

S. L. Levy,16 O. Long,16 A. Lu,16 M. A. Mazur,16 J. D. Richman,16 W. Verkerke,16 T. W. Beck,17 A. M. Eisner,17

C. A. Heusch,17 W. S. Lockman,17 T. Schalk,17 R. E. Schmitz,17 B. A. Schumm,17 A. Seiden,17 P. Spradlin,17

D. C. Williams,17 M. G. Wilson,17 J. Albert,18 E. Chen,18 G. P. Dubois-Felsmann,18 A. Dvoretskii,18 D. G. Hitlin,18

I. Narsky,18 T. Piatenko,18 F. C. Porter,18 A. Ryd,18 A. Samuel,18 S. Yang,18 S. Jayatilleke,19 G. Mancinelli,19

B. T. Meadows,19 M. D. Sokoloff,19 T. Abe,20 F. Blanc,20 P. Bloom,20 S. Chen,20 W. T. Ford,20 U. Nauenberg,20

A. Olivas,20 P. Rankin,20 J. G. Smith,20 J. Zhang,20 L. Zhang,20 A. Chen,21 J. L. Harton,21 A. Soffer,21

W. H. Toki,21 R. J. Wilson,21 Q. L. Zeng,21 D. Altenburg,22 T. Brandt,22 J. Brose,22 T. Colberg,22 M. Dickopp,22

E. Feltresi,22 A. Hauke,22 H. M. Lacker,22 E. Maly,22 R. Müller-Pfefferkorn,22 R. Nogowski,22 S. Otto,22

A. Petzold,22 J. Schubert,22 K. R. Schubert,22 R. Schwierz,22 B. Spaan,22 J. E. Sundermann,22 D. Bernard,23

G. R. Bonneaud,23 F. Brochard,23 P. Grenier,23 S. Schrenk,23 Ch. Thiebaux,23 G. Vasileiadis,23 M. Verderi,23

D. J. Bard,24 P. J. Clark,24 D. Lavin,24 F. Muheim,24 S. Playfer,24 Y. Xie,24 M. Andreotti,25 V. Azzolini,25

D. Bettoni,25 C. Bozzi,25 R. Calabrese,25 G. Cibinetto,25 E. Luppi,25 M. Negrini,25 L. Piemontese,25 A. Sarti,25

E. Treadwell,26 R. Baldini-Ferroli,27 A. Calcaterra,27 R. de Sangro,27 G. Finocchiaro,27 P. Patteri,27 M. Piccolo,27

A. Zallo,27 A. Buzzo,28 R. Capra,28 R. Contri,28 G. Crosetti,28 M. Lo Vetere,28 M. Macri,28 M. R. Monge,28

S. Passaggio,28 C. Patrignani,28 E. Robutti,28 A. Santroni,28 S. Tosi,28 S. Bailey,29 G. Brandenburg,29 M. Morii,29

E. Won,29 R. S. Dubitzky,30 U. Langenegger,30 W. Bhimji,31 D. A. Bowerman,31 P. D. Dauncey,31 U. Egede,31

J. R. Gaillard,31 G. W. Morton,31 J. A. Nash,31 G. P. Taylor,31 G. J. Grenier,32 U. Mallik,32 J. Cochran,33

H. B. Crawley,33 J. Lamsa,33 W. T. Meyer,33 S. Prell,33 E. I. Rosenberg,33 J. Yi,33 M. Davier,34 G. Grosdidier,34
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75Università di Trieste, Dipartimento di Fisica and INFN, I-34127 Trieste, Italy

76Vanderbilt University, Nashville, TN 37235, USA
77University of Victoria, Victoria, BC, Canada V8W 3P6

78University of Wisconsin, Madison, WI 53706, USA
79Yale University, New Haven, CT 06511, USA

(Dated: June 21, 2018)

We describe a measurement of the direct CP asymmetry between inclusive b → sγ and b → sγ
decays. This asymmetry is expected to be less than 0.01 in the Standard Model, but could be
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enhanced up to about 0.10 by new physics contributions. We use a sample of 89 million BB
pairs recorded with the BABAR detector at PEP-II, from which we reconstruct a set of 12 exclusive
b → sγ final states containing one charged or neutral kaon and one to three pions. We measure an
asymmetry of ACP (b → sγ) = 0.025±0.050(stat.)±0.015(syst.), corresponding to an allowed range
of −0.06 < ACP (b → sγ) < +0.11 at 90% confidence level.

PACS numbers: 13.35.Dx, 14.60.Fg, 11.30.Hv

The inclusive decay b → sγ is a flavor–changing neu-
tral current process described by a radiative penguin
loop diagram. The world average branching fraction is
(3.5± 0.5)× 10−4 [1] in good agreement with recent the-
oretical predictions [2]. Earlier experimental values of
the branching fraction have been used to constrain new
physics beyond the Standard Model [3]. A measurement
of the direct CP asymmetry between b → sγ and b → sγ
decays provides an independent and significant test of
these predictions. In the Standard Model the dominant
loop contribution contains a top quark, with other contri-
butions being suppressed by CKM factors and the GIM
mechanism. The lack of interference between comparable
amplitude contributions leads to a rather small predicted
asymmetry [4]:

ATH
CP =

Γ(b → sγ)− Γ(b → sγ)

Γ(b → sγ) + Γ(b → sγ)
= 0.0044+0.0024

−0.0014 (1)

which has little sensitivity to the photon energy cut–off or
to the distribution of hadronic final states. The dominant
errors are due to the uncertainty of the charm quark mass
and the choice of the perturbative scale. The inclusion of
contributions to the loop beyond the Standard Model can
increase the predicted asymmetry up to about 0.10 [4].
There is a previous measurement of direct CP asym-

metry [5] in a sum of b → sγ and b → dγ decays. In
the Standard Model, the total of the b → sγ and b → dγ
asymmetries is exactly zero in the U-spin symmetry limit,
md = ms, as a consequence of CKM unitarity [6]. The
measurement in Ref. [5] gives −0.27 < 0.965×ACP (b →
sγ) + 0.02×ACP (b → dγ) < 0.10.
We use a sample of (88.9±1.0)×106 BB pairs collected

at the Υ (4S) resonance with the BABAR detector at the
PEP-II asymmetric e+e− collider. A detailed description
of the detector can be found elsewhere [7]. For this anal-
ysis the most important detector elements are the forty–
layer drift chamber, situated in a 1.5T solenoidal mag-
netic field, which measures charged particle momenta,
the CsI(Tl) electromagnetic calorimeter, which measures
the energies of the photons, and the detector of inter-
nally reflected Cherenkov light (DIRC), which is used to
identify charged kaons.
We reconstruct b → sγ decays as the sum of twelve

exclusive final states:

B− → K−π0γ,K−π+π−γ,K−π0π0γ,K−π+π−π0γ
B0 → K−π+γ,K−π+π0γ,K−π+π0π0γ,K−π+π−π+γ
B− → K0

S
π−γ,K0

S
π−π0γ,K0

S
π−π0π0γ,K0

S
π−π+π−γ

and measure the yield asymmetry with respect to their
charge conjugate decays b → sγ. The identification of
charged kaons removes b → dγ decays. We do not use
B0 decays to final states with K0

S
to determine the direct

CP asymmetry, since these are not flavor–specific, but
we study them to understand systematic effects.

The high energy photon is detected from an isolated
energy cluster in the calorimeter, with shape consistent
with a single photon, and energy E∗

γ > 1.8 GeV in the
e+e− center–of–mass frame. A veto is applied to the high
energy photons that combined with another photon form
either a π0 within the mass range 117–150 MeV/c2 or an
η within the mass range 524–566 MeV/c2.

Neutral kaons are reconstructed as K0
S
→ π+π− can-

didates with an invariant mass within 9 MeV/c2 of the
nominal mass [1], and a transverse flight distance> 2 mm
from the primary event vertex. Charged kaons are tracks
identified as kaons from information in the DIRC. The re-
maining tracks are considered to be charged pions. Both
charged and neutral kaons are required to have a labora-
tory momentum > 0.7 GeV/c. Above this threshold the
rate for charged pions to be mis-identified as kaons is <
2.0%.

Neutral pions are reconstructed from pairs of photons
with energies > 30 MeV. A π0 mass cut is applied be-
tween 117 and 150 MeV/c2. Charged and neutral pions
are required to have laboratory momenta > 0.5, 0.3 or
0.2 GeV/c for states with 1, 2 or 3 pions, respectively, to
reject combinatoric background.

The mass of the hadronic system, Xs, formed from the
kaon and pions is required to be between 0.6 GeV/c2 and
2.3 GeV/c2, corresponding to a photon energy threshold
Eγ > 2.14 GeV in the B rest frame.

The signal Monte Carlo sample is generated according
to Ref. [8], which predicts that (83 ± 5)% of the b →
sγ spectrum is above our photon energy threshold. We
use JETSET [9] to hadronize the system of the strange
and spectator quarks. Within the selected hadronic mass
range, the twelve final states constitute 48% of the total
rate. If we also include the B0 decays to K0

S
and equate

the decays to K0
L
with those to K0

S
, this increases to 73%

of the total rate. As a part of our analysis, we check the
dependence of the asymmetry on the hadronic mass and
final state.

Most of the background in this analysis arises from
continuum production of a high energy photon, either by
initial state radiation, or from the decays of π0 and η
mesons. We remove 86% of these backgrounds by selec-
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tions on the angle between the thrust axis of the B meson
candidate and the thrust axis of all the other particles of
the event, | cos θ∗T | < 0.80, and the angle between the
B candidate and the beam axis, | cos θ∗B| < 0.80, both
defined in the e+e− center–of–mass system. We then
use a neural network to combine information from a set
of event shape variables, including a set of energy flow
cones. This halves the continuum background compared
to our initial selection.

In 12% of the signal events, we can identify an electron
or muon from the decay of the other B [10]. This is a very
effective signature for removing continuum background,
so the remaining background in this sample comes mostly
from other B decays. We present separately our results
for the sample of events which are lepton–tagged.

Exclusive b → sγ decays are characterized by two
kinematic variables: the beam–energy substituted mass,
mES =

√

(
√
s/2)2 − p∗2B , and the energy difference be-

tween the B candidate and the beam energy, ∆E =
E∗

B − (
√
s/2), where E∗

B and p∗B are the energy and mo-
mentum of the B candidate in the e+e− center–of–mass
frame, and

√
s is the total center–of–mass energy. We

require candidates to have |∆E| < 0.10 GeV, and re-
move multiple candidates in each event by selecting the
one with the smallest value of |∆E|. This technique is
> 90% efficient when the true b → sγ decay is among
the reconstructed candidates. We then fit the mES dis-
tribution between 5.22 and 5.29 GeV/c2 to extract the
signal yield. When calculating mES , the value of p∗B is
corrected for the tail of the high energy photon response
function by scaling the measured E∗

γ to the value that
would give ∆E = 0, the value expected for true signal.
In order to fit the mES distribution in data, we need

to understand the different components of the signal and
background events. We have identified the following four
contributions as shown in Figure 1. The signal events are
described by a Crystal Ball function [11] with a resolu-
tion σ(mES) = 2.2 MeV/c2. The continuum background
is described by an ARGUS shape [12], which is cross–
checked by a fit to a sample of 9.6fb−1 of data taken
40 MeV/c2 below the Υ (4S) resonance. We use a BB
Monte Carlo sample to model the background from B
decays other than b → sγ, which is significant for Xs

masses above 1.9 GeV/c2. This background is described
by the sum of an ARGUS shape and a peaking compo-
nent which is modelled by the signal shape.
The last background component is cross–feed from in-

correctly reconstructed b → sγ events. This is modelled
by the signal Monte Carlo sample, where we identify
events reconstructed in the wrong final state. Cross–feed
occurs when the true b → sγ decay is not among the re-
constructed candidates, or in a multiple candidate event
when the wrong candidate is chosen. The shape of the
cross–feed is described by the sum of an ARGUS shape
and a peaking signal shape. We regard cross–feed as a
background to be subtracted.
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FIG. 1: Monte Carlo simulations of the four contributions
to the beam–energy substituted mass distribution of events
selected as b → sγ, with the corresponding fits: (a) signal,
(b) continuum, (c) BB decays and (d) cross–feed. The plots
are normalized to the luminosity of our data sample.

We fit the data mES distributions separately for
each flavor. For the total sample, the fit function is
parametrized by two ARGUS shapes and a Crystal Ball
function. One ARGUS shape is fixed to be as the con-
tinuum ARGUS shape, while the other one is free to rep-
resent the sum of the non-peaking BB and cross–feed
backgrounds. The Crystal Ball function fits the combi-
nation of the peaking components. For the lepton–tagged
sample, we use only one free ARGUS shape and a Crystal
Ball function. In all cases we use an unbinned maximum
likelihood fit. The fitting technique has been validated
with a large sample of Monte Carlo simulated events.
In Figure 2 we present the final fits to the mES distri-
butions for b → sγ and b → sγ events. The lower plots
are for the lepton–tagged sample. All the fits have χ2 per
degree–of–freedom close to 1, if we make a fit to a binned
distribution as shown in Figure 2. The sum of events in
the b and b peaks is 1644 ± 72, of which 201 ± 18 are
lepton–tagged. To get the true signal yields these have
to be corrected for the predicted yield of peaking BB
and cross–feed backgrounds from Monte Carlo samples
(see Figure 1), which is 88± 27, where 10± 8 are lepton–
tagged.
The direct CP asymmetry is calculated from:

ACP =
1

〈D〉

(

(n− n̄)

(n+ n̄)
− ∆D

2

)

−ADET
CP (2)

where n and n̄ are the numbers of observed b → sγ
and b → sγ events after the peaking background is
subtracted, ∆D = 2(w̄ − w) is the difference in the
wrong flavor–fraction between b and b decays, and 〈D〉 =
1 − (w + w̄) is the dilution factor from the average
wrong flavor–fraction. ADET

CP is the flavor–asymmetry
of the detector. We find ∆D = 0.001 ± 0.002 and
〈D〉 = 0.989 ± 0.001 from Monte Carlo samples. The
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FIG. 2: Fits to the beam–energy substituted mass distribu-
tions in data events for: (a) all b → sγ, (b) all b → sγ, (c)
lepton–tagged b → sγ and (d) lepton–tagged b → sγ decays.
Contributions are shown from peaking Crystal Ball (dotted–
dashed), fixed continuum ARGUS shape (dotted) and free
BB and cross–feed ARGUS shape (dashed).

small wrong–flavor fraction is due to charged pions mis-
identified as charged kaons.

We need to correct the measured value of ACP for the
flavor–asymmetry of the detector ADET

CP . While it is
known that the kaon–nucleon cross–sections are asym-
metric at low momenta, there are few accurate mea-
surements [1]. This means that our Monte Carlo sam-
ple is not expected to model correctly the asymmetries
due to the interactions of kaons with the inner part of
the detector. The kaon identification efficiency of the
DIRC for reconstructed tracks is measured with a con-
trol sample of kaons from D∗ decays. Averaging over
the kaon spectrum in b → sγ events we obtain a small
asymmetry of −0.002 ± 0.001 from particle identifica-
tion. We measure the overall detector asymmetry of the
data events in our mES and ∆E sidebands, increasing
the statistics by removing the neural network cut. Most
of these events are from the continuum, where we do
not expect any physics mechanism to generate a flavor–
asymmetry. We observe a significant asymmetry for kaon
momenta below 1 GeV/c. The asymmetry as a function
of the kaon momentum is applied to the signal Monte
Carlo to determine what shift should be applied to the
data. This gives an overall flavor–asymmetry correction
ADET

CP = −0.014± 0.015.

Table I presents the measured signal yields and cor-
rected CP asymmetries. The lepton–tagged results are
consistent with the results for the total sample. We di-
vide the total sample into four bins in Xs mass, and
observe no significant mass dependence of the asymme-
try. The first bin corresponds to the K∗(892) resonance,
for which the world average asymmetry from studies
of exclusive B → K∗γ decays is ACP (B → K∗γ) =
−0.005 ± 0.037 [1]. Our result is consistent with this

average.
We divide our total sample into three types of decay

mode: B0(B0) → K±, B± → K± and B± → K0
S
. We

observe a discrepancy of 2.3σ between the two B± cate-
gories which we regard as a statistical fluctuation, since
it is not correlated with a specific final state or hadronic
mass bin. The combination of the B± samples is consis-
tent with a null asymmetry, as is the B0 sample.

TABLE I: Signal yields and CP asymmetries for total and
only lepton–tagged event samples. The total sample is also
divided up into four bins inXs mass in GeV/c2, and into three
types of decay modes. The errors on n and n̄ are statistical
only, while for ACP we quote the additional systematic error
from the detector asymmetry.

Sample n n̄ ACP

Total Sample 787 ± 54 769 ± 54 0.025 ± 0.050 ± 0.015
Lepton–tagged 91 ± 14 100 ± 13 -0.04 ± 0.10 ± 0.02
MXs=0.6-1.1 378 ± 32 396 ± 33 0.003 ± 0.059 ± 0.015
MXs=1.1-1.5 162 ± 22 136 ± 23 0.11 ± 0.11 ± 0.02
MXs=1.5-1.9 139 ± 19 124 ± 21 0.07 ± 0.11 ± 0.03
MXs=1.9-2.3 101 ± 29 67 ± 36 0.23 ± 0.30 ± 0.04
B0 455 ± 36 447 ± 38 0.015 ± 0.059 ± 0.014
B±

→ K± 229 ± 31 148 ± 30 0.22 ± 0.12 ± 0.02
B±

→ K0

S 100 ± 24 166 ± 25 -0.20 ± 0.14 ± 0.03

The dominant systematic error in our measurement is
the uncertainty of 0.015 in the flavor–asymmetry of the
detector. For the lepton–tagged sample we add an ad-
ditional systematic uncertainty of 0.010 to account for
a possible charge asymmetry in the lepton tagging ef-
ficiency. This is derived from studies of control sam-
ples [10].
We have tested the effect of possible flavor asymme-

tries in the peaking cross–feed and BB backgrounds by
varying them within the current experimental bounds
(90% C.L.). We added a 0.10 asymmetry to the cross–
feed events, and a 0.02 asymmetry to the peaking back-
ground from BB decays, which comes primarily from
B → D(∗)ρ decays. The change in our measured asym-
metry due to these changes in the cross–feed and BB
flavor–asymmetries is 0.004, which gives a negligible con-
tribution to the error.
We have checked that the parameters of the ARGUS

shapes and Crystal Ball functions are the same for both
flavors within 1σ, so the detector asymmetry is simply an
overall normalization difference between the two samples.
We have also checked that the neural net distributions for
signal and continuum background are flavor–symmetric.
Our estimates of the cross-feed background and the de-

tector asymmetry correction, ADET
CP , depend on the mix

of final states in our signal Monte Carlo sample. We
check these, also using information from B0 decays to
final states with K0

S
, by varying the ratios of final states

with K+ or K0
S
, and π0 to π+ measured in our data

by ±3σ. Note that the measured ratios are consistent
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with our signal Monte Carlo. Changing the ratios has no
significant effect on the cross–feed or the detector asym-
metry correction.
Our final result for the direct CP asymmetry in b → sγ

is ACP = 0.025 ± 0.050 ± 0.015 for the total sample,
and ACP = −0.04 ± 0.10 ± 0.02 for the lepton–tagged
sample. The total sample provides the best constraint,
−0.06 < ACP < +0.11 at 90% confidence level.
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