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SM expectations
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• Require new sources of CP-violation.

• B± → J/ψh± decays provide a clean 
test for direct CP-violation. 

• In B± → J/ψK±  the SM predicts that 
the tree and penguin contributions 
have the same weak phase and thus 
no direct CP violation is expected
(a maximum asymmetry of 0.3%).

• B± → J/ψπ± decays could have CP 
violating effects of a few percent.

Current Best 
Measurements
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Method
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• Use the same methods as being used in the asl and anomalous dimuon 
analyses (see Monday) . Data Selection to optimise significance

• Re-weight data to based on magnet polarity

• Simultaneous sum and difference fit to extract asymmetry

• Correct for kaon asymmetry (in J/ψK channel)

TABLE I. Previous measurements of AJ/ K and AJ/ ⇡.

Experiment Year AJ/ K

Belle [7] 2010 [�0.76± 0.50 (stat)± 0.22 (syst)]%

D0 [9] 2008 [0.75± 0.61 (stat)± 0.30 (syst)]%

Belle [10] 2008 [9± 7 (stat)± 2 (syst)]%

BaBar [11] 2005 [3.0± 1.4 (stat)± 1.0 (syst)]%

CLEO 2 [12] 2000 [1.8± 4.3 (stat)± 0.4 (syst)]%

AJ/ ⇡

LHCb [8] 2012 [�0.5± 2.7 (stat)± 1.1 (syst)]%

D0 [9] 2008 [�9± 8 (stat)± 3 (syst)]%

BaBar [13] 2004 [12.3± 8.5 (stat)± 0.4 (syst)]%

Belle [14] 2003 [�2.3± 16.4 (stat)± 1.5 (syst)]%

II. MEASUREMENT METHOD26

These updated measurements of AJ/ K and AJ/ ⇡ make use of the methods for extracting

asymmetries used in the analyses of the time-integrated flavor-specific semileptonic charge

asymmetry in the decays of neutral B mesons [15, 16]. We measure the raw asymmetry
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where N
J/ K

� (N
J/ K

+) is the number of reconstructed B� ! J/ K� (B+ ! J/ K+)

decays and N
J/ ⇡

� (N
J/ ⇡

+) is the number of reconstructed B� ! J/ ⇡� (B+ ! J/ ⇡+)

decays . The charge asymmetry in B+ decays is then given by

AJ/ K =AJ/ K

raw

+ A
K

, (5)

AJ/ ⇡ =AJ/ ⇡

raw

, (6)

where A
K

is the reconstruction asymmetry between positively and negatively charged kaons27

in the detector [17] (Note: we add the kaon asymmetry since AJ/ K measures the di↵erence28

between B� and B+ which has the opposite sign as the as
sl

and ad
sl

measurements). The29
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We present a measurement of the direct CP -violating charge asymmetry in B± mesons decaying
to J/ K± and J/ ⇡± where J/ decays to µ+µ�, using 10.4 fb�1 of proton-antiproton collisions
collected by the D0 detector during Run II at the Fermilab Tevatron Collider. A di↵erence in
the yield of B� and B+ mesons in these decays is found by fitting to the di↵erence between their
reconstructed invariant mass distributions resulting in asymmetries of AJ/ K = [0.59± 0.36]%,
which is the most precise measurement to date, and AJ/ ⇡ = [�4.2± 4.8]%. Both measurements
are consistent with standard model predictions.

PACS numbers: 13.25.Hw, 11.30.Er, 12.15.Hh, 14.40.Nd

Currently all measurements of CP violation, either in
decay, mixing, or in the interference between the two,
have been consistent with the presence of a single phase in
the CKM matrix. The standard model predicts that for
b ! scc̄ decays, the tree and penguin contributions have
the same weak phase, and thus no direct CP violation is
expected in the decays of B± mesons to J/ K±. Esti-
mates of the e↵ect of penguin loops [1] show that there
could be a small amount of direct CP violation of up
to O(0.3%). A measurement of a relatively large charge
asymmetry would indicate the existence of physics be-
yond the standard model [1–3]. In the transition b ! dcc̄,
the tree and penguin contributions have di↵erent phases,
and there may be measurable levels of CP violation in
the decay B± ! J/ ⇡± [4, 5].

The CP -violating charge asymmetry in the decays
B± ! J/ K± and B± ! J/ ⇡± are defined as

AJ/ K =
� (B� ! J/ K�)� � (B+ ! J/ K+)

� (B� ! J/ K�) + � (B+ ! J/ K+)
, (1)

AJ/ ⇡ =
� (B� ! J/ ⇡�)� � (B+ ! J/ ⇡+)

� (B� ! J/ ⇡�) + � (B+ ! J/ ⇡+)
. (2)

Previous measurements of AJ/ K [6–10] have been aver-
aged by the Particle Data Group with the result AJ/ K =
[0.1± 0.7]% [11]. The most precise measurement of
AJ/ K was made by the Belle collaboration [6], with a to-
tal uncertainty of 0.54%. The most precise measurement
of AJ/ ⇡ was made by the LHCb collaboration [12], with
a total uncertainty of 2.9%. The LHCb measurement is
actually a measurement of the di↵erence, AJ/ ⇡�AJ/ K ,
and assumes that AJ/ K is zero. The previous measure-

ment made by the D0 Collaboration [7] has a total un-
certainty of 0.68% for AJ/ K and 8.5% for AJ/ ⇡ using
a data sample of 2.8 fb�1 of proton-antiproton collisions.
This Letter presents substantially improved measure-

ments of AJ/ K and AJ/ ⇡ using the full Tevatron Run II
data sample with an integrated luminosity of 10.4 fb�1.
We assume there is no production asymmetry between
B+ and B� mesons in proton-antiproton collisions. An
advantage of these decay modes into J/ X± is that no
assumptions on the CP symmetry of subsequent charm
decays need to be made.
These updated measurements of AJ/ K and AJ/ ⇡

make use of the methods for extracting asymmetries
used in the analyses of the time-integrated flavor-specific
semileptonic charge asymmetry in the decays of neutral
B mesons [13, 14]. We measure the raw asymmetries
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+) is the number of reconstructed
B� ! J/ K� (B+ ! J/ K+) decays, and N

J/ ⇡

�

(N
J/ ⇡

+) is the number of reconstructed B� ! J/ ⇡�

(B+ ! J/ ⇡+) decays. The charge asymmetry in B±

decays is then given by (neglecting any terms second-
order or higher in the asymmetry)
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raw +A
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where A
K

is the dominant correction and is the recon-
struction asymmetry between positively, ✏(K+), and neg-
atively, ✏(K�), charged kaons in the detector [15]:

A
K

=
✏(K+)� ✏(K�)

✏(K+) + ✏(K�)
. (7)

The correction A
K

is calculated using the measured kaon
reconstruction asymmetry as described below [14]. As
discussed later, data collected using regular reversals of
magnet polarities results in no significant residual track
reconstruction asymmetries, and hence, no correction for
tracking asymmetries or pion reconstruction asymmetries
need to be applied, hence A

⇡

= 0.
The D0 detector has a central tracking system, con-

sisting of a silicon microstrip tracker and the central
fiber tracker, both located within a 2 T superconduct-
ing solenoidal magnet [15, 16]. A muon system, cover-
ing |⌘| < 2 [17], consists of a layer of tracking detec-
tors and scintillation trigger counters in front of 1.8 T
toroidal magnets, followed by two similar layers after the
toroids [18].

The polarities of the toroidal and solenoidal magnetic
fields are reversed on average every two weeks so that the
four solenoid-toroid polarity combinations are exposed to
approximately the same integrated luminosity. This al-
lows for a cancelation of first-order e↵ects related to in-
strumental asymmetries. To ensure optimal cancelation
of the uncertainties, the events are weighted according to
the number of J/ h± decays for each data sample cor-
responding to a di↵erent configuration of the magnets’
polarities (polarity-weighting). The weighting is based
on the number of events that pass the selection criteria
and the likelihood selection (described below) and that
are in the J/ h± invariant mass range used to fit the
data.

The data are collected with a suite of single and
dimuon triggers. The selection and reconstruction of
J/ h± events where h± is any stable charged hadron and
J/ ! µ+µ� requires three tracks with at least two hits
in both the silicon microstrip tracker and the central fiber
tracker. The muon selection requires a transverse mo-
mentum p

T

> 1.5 GeV/c with respect to the beam axis.
One of the reconstructed muons is required to have hits
in at least two layers of the muon system with segments
reconstructed both inside and outside the toroid. The
second muon is required to have hits in at least the first
layer of the muon system. The muon track segment has
to be matched to a particle found in the central tracking
system. The dimuon system must have a reconstructed
invariant mass between 2.80 and 3.35 GeV/c2 consistent
with the J/ mass, 3.097 GeV/c2 [11].

An additional charged particle with p
T

> 0.7 GeV/c is
selected. Since the D0 detector is unable to distinguish
between K± and ⇡±, and since the J K± process is
dominant, this particle is assigned the charged kaon mass
and is required to be consistent with coming from the

same three-dimensional vertex as the two muons, with
the �2 of the vertex fit being less than 16 for 3 degrees
of freedom. The displacement of this vertex from the
primary proton-antiproton interaction point is required
to exceed 3 standard deviations for the resolution of the
vertex position in the plane perpendicular to the beam
direction.

The B± selection is further improved using a likeli-
hood ratio method taken directly from Refs. [19–22] that
combines a number of variables to discriminate between
signal and background: the smaller of the transverse mo-
menta of the two muons; the �2 of the B decay vertex;
the B± decay length divided by its uncertainty; the sig-
nificance, S

B

, of the reconstructed B± meson impact pa-
rameter; the transverse momentum of the h±; and the
significance, S

K

, of the h± impact parameter.

For any particle i, the significance S
i

is defined as
S
i

=
p
[✏
T

/�(✏
T

)]2 + [✏
L

/�(✏
L

)]2, where ✏
T

(✏
L

) is the
projection of the impact parameter on the plane perpen-
dicular to (along) the beam direction, and �(✏

T

) [�(✏
L

)]
is its uncertainty. The trajectory of each B± is formed
assuming that it passes through the reconstructed B±

vertex and is directed along the reconstructed B± mo-
mentum.

The final requirement on the likelihood ratio variable is

chosen to minimize the statistical uncertainty on AJ/ K

raw .

The measurement of AJ/ ⇡

raw makes use of a di↵erent selec-
tion on the likelihood ratio that minimizes the statistical
uncertainty of AJ/ ⇡

raw . The asymmetry results extracted
with both of these likelihood selections are consistent.
No event has more than one possible track and J/ mass
combination that passes all of the selection criteria.

From each set of three particles fulfilling these require-
ments, a J/ h± candidate is constructed. The momenta
of the muons are corrected by constraining the J/ mass
to the world average [11].

The number of signal candidates are extracted from the
J/ h± mass distribution using an unbinned maximum
likelihood fit over a mass range of 4.98 < M(J/ h±) <
5.76 GeV/c2 as shown in Fig. 1. The dominant peak
consists of the overlap of the B± ! J/ K± and the
B± ! J/ ⇡± (where the ⇡± is mis-identified as a K±)
components. The mis-identified B± ! J/ ⇡± decay
mode appears as a small peak shifted to a slightly higher
mass than the B±. The B± ! J/ K± signal peak is
modeled by two Gaussian functions constrained to have
the same mean but, with di↵erent widths and normaliza-
tions to model the detector’s mass resolution, G

K

(m).
Taking account the D0 momentum scale, the mean is
found to be consistent with the PDG average of the B±

meson mass. To obtain a good fit to the data, the widths
have a linear dependence on the kaon energy. We as-
sume that the mass distribution of the B± ! J/ ⇡± is
identical to that of B± ! J/ K±, if the correct hadron
mass is assigned. To model the J/ ⇡± mass distribu-



Iain Bertram - Beauty 2013

Event Reconstruction

• Trigger off single/di-muons.

• Combine two muons to form J/ψ 
and constrain to PDG mass. 

• Combine with charged hadron 
track to form vertex. 

• No kaon/pion separation. Assign 
hadron the mass of the kaon 
(dominant decay). 

• Apply multivariate likelihood ratio 
to reduce background. 

• Fit invariant mass distribution. 

4

μ+

μ-

J/ψ

h+

B+
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Fit to Sum

5

GK(m):  J/ψK - Double Gaussian with width 
and normalisation depending on kaon energy

Unbinned 
maximum 
likelihood

fit
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Fit to Sum
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Gπ(m): J/ψπ - Double Gaussian with width 
and normalisation depending on kaon energy
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Fit to Sum
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T(m): J/ψh - Threshold Function representing 
partially reconstructed B-hadrons
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Fit to Sum
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E(m): Combinatorics 
exponential background function

χ2 = 76.2 for 47 d.o.f. 
N(J/ψK) = 105, 562 ± 370         

N(J/ψπ) = 3,110 ± 174   
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Data - Fit
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No significant biases in fit
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Difference
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FIG. 4. The J/ h± invariant mass distribution less the maximum likelihood fit function.

The invariant mass distribution of the di↵erences, N(J/ h�) � N(J/ h+) is shown in

Fig. 5 with a resulting �2 of 58.5 for 61 degrees of freedom (the asymmetry fit parameters).

The resulting raw asymmetries are extracted from the data:

AJ/ K

raw

= [�0.46± 0.35 (stat.)]%, (17)

AJ/ ⇡

raw

= [�4.7± 5.6 (stat.)]%. (18)

The extracted background asymmetries are also extracted:

A
T

= [�1.3± 1.0 (stat.)]%, (19)

A
E

= [�1.1± 0.6 (stat.)]%. (20)

13

Unbinned maximum
Likelihood fit of sum and 

difference. 

χ2 = 58.5 for 61 d.o.f. 
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Do we need this Fit
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K
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X± hψ J/→ XB

Combinatorial

Width of Signal depends on hadron momentum

Projection of fit in momentum bins
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Do we need this Fit
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Fit Systematics

• Mass Range:  the lower edge is varied from 4.95 to 5.01 GeV, and 
the upper edge from 5.73 to 5.79 GeV.
ΔAJ/ψK of 0.022% and in ΔAJ/ψπ of 0.55%.

• Fit Function:
Vary Parameters of fit functions. 
ΔAJ/ψK of 0.011% and in ΔAJ/ψπ of 0.69%.

• Asymmetry Modelling:  
AE is set equal to AT,  AE=0,  AT=0,  AE=AT=0
When extracting AJ/ψK, AJ/ψπ=0,  When extracting AJ/ψπ, AJ/ψK=0
ΔAJ/ψK of 0.038% and in ΔAJ/ψπ of 1.6%.

12
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Kaon Correction

• Taken directly from Bd 
asymmetry analysis 
(see Mondays talk)

• Fit used to get number of 
B± events in momentum 
and pseudo rapidity bins 

• Extract AK (for K+ - K-) 

13
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4

longer, the reconstruction e�ciency is higher, and the216

kaon asymmetry is positive.217

The kaon asymmetry is measured using a dedicated218

sample of K⇤0 ! K+⇡� decays, based on the tech-219

nique described in Ref. [23]. The K+⇡� and K�⇡+

220

signal yields are extracted by fitting the charge-specific221

M(K±⇡⌥) distributions, and the asymmetry is deter-222

mined by dividing the di↵erence by the sum. The track223

selection criteria are the same as those required for the224

J/ K± signal. The track reconstruction asymmetry is225

found to be less than 0.05% which is assigned as an ad-226

ditional systematic uncertainty on the kaon asymmetry.227

As expected, an overall positive kaon asymmetry is ob-228

served, of approximately 1% in this channel. A strong229

dependence on kaon momentum and absolute pseudo-230

rapidity is found, and hence the final kaon asymmetry231

correction to be applied in Eq. (5) is determined by the232

weighted average of A
K

[p(K), |⌘(K)|] over the p(K) and233

|⌘(K)| distributions in the signal events. A relative sys-234

tematic uncertainty of 5% is assigned to each bin to ac-235

count for possible variations in the yield when di↵erent236

models are used to fit the signal and backgrounds in the237

K⇤0 mass distribution. Following studies over a range of238

fit variations, a relative systematic uncertainty of 3% on239

the J/ K± yields is applied. The resulting kaon correc-240

tion is found to be241

A
K

= [1.05± 0.04 (syst.)]%. (12)

The final uncertainties are summarised in Table I242

where the combination assumes that they are uncorre-243

lated. We obtain final asymmetries of244

AJ/ K = [0.59± 0.36 (stat)± 0.08 (syst)]%, (13)

AJ/ ⇡ = [�4.8± 4.8 (stat)± 1.9 (syst)]%. (14)

This is the most precise measurement of AJ/ K that has245

been made and is a reduction in uncertainty by approxi-246

mately a factor of two from the previous D0 result [8].247

TABLE I. The statistical and systematic uncertainties for ex-
tracting the asymmetries AJ/ K and AJ/ ⇡.

Type of Uncertainty AJ/ K AJ/ ⇡

Statistical 0.36% 4.8%
Mass Range 0.023% 0.4%
Fit Function 0.011% 0.9%

Asymmetry Modelling 0.038% 1.6%
AK 0.043% NA

Atracking 0.05% 0.05%
Systematic Uncertainty 0.08% 1.9%

Total Uncertainty 0.37% 5.2%

Several consistency checks are performed by dividing248

the data into smaller samples using additional selections249

based on data taking periods, magnet polarities, trans-250

verse momentum, and rapidity of the charged track rep-251

resenting the kaon. The resulting variations of AJ/ K

252

and AJ/ ⇡ are statistically consistent with the results of253

Eqs. 13 and 14.254

In summary, we have presented the most pre-255

cise measurement to date of the charge asymmetry256

AJ/ K = [0.59± 0.36 (stat)± 0.08 (syst)]%. In addi-257

tion we have improved our measurement of AJ/ ⇡ =258

[�4.8± 4.8 (stat)± 1.9 (syst)]% Both measurements are259

in agreement with standard model predictions.260
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where A
K

is the dominant correction and is the recon-
struction asymmetry between positively, ✏(K+), and neg-
atively, ✏(K�), charged kaons in the detector [15]:

A
K

=
✏(K+)� ✏(K�)

✏(K+) + ✏(K�)
. (7)

The correction A
K

is calculated using the measured kaon
reconstruction asymmetry as described below [14]. As
discussed later, data collected using regular reversals of
magnet polarities results in no significant residual track
reconstruction asymmetries, and hence, no correction for
tracking asymmetries or pion reconstruction asymmetries
need to be applied, hence A

⇡

= 0.
The D0 detector has a central tracking system, con-

sisting of a silicon microstrip tracker and the central
fiber tracker, both located within a 2 T superconduct-
ing solenoidal magnet [15, 16]. A muon system, cover-
ing |⌘| < 2 [17], consists of a layer of tracking detec-
tors and scintillation trigger counters in front of 1.8 T
toroidal magnets, followed by two similar layers after the
toroids [18].

The polarities of the toroidal and solenoidal magnetic
fields are reversed on average every two weeks so that the
four solenoid-toroid polarity combinations are exposed to
approximately the same integrated luminosity. This al-
lows for a cancelation of first-order e↵ects related to in-
strumental asymmetries. To ensure optimal cancelation
of the uncertainties, the events are weighted according to
the number of J/ h± decays for each data sample cor-
responding to a di↵erent configuration of the magnets’
polarities (polarity-weighting). The weighting is based
on the number of events that pass the selection criteria
and the likelihood selection (described below) and that
are in the J/ h± invariant mass range used to fit the
data.

The data are collected with a suite of single and
dimuon triggers. The selection and reconstruction of
J/ h± events where h± is any stable charged hadron and
J/ ! µ+µ� requires three tracks with at least two hits
in both the silicon microstrip tracker and the central fiber
tracker. The muon selection requires a transverse mo-
mentum p

T

> 1.5 GeV/c with respect to the beam axis.
One of the reconstructed muons is required to have hits
in at least two layers of the muon system with segments
reconstructed both inside and outside the toroid. The
second muon is required to have hits in at least the first
layer of the muon system. The muon track segment has
to be matched to a particle found in the central tracking
system. The dimuon system must have a reconstructed
invariant mass between 2.80 and 3.35 GeV/c2 consistent
with the J/ mass, 3.097 GeV/c2 [11].

An additional charged particle with p
T

> 0.7 GeV/c is
selected. Since the D0 detector is unable to distinguish
between K± and ⇡±, and since the J K± process is
dominant, this particle is assigned the charged kaon mass
and is required to be consistent with coming from the

same three-dimensional vertex as the two muons, with
the �2 of the vertex fit being less than 16 for 3 degrees
of freedom. The displacement of this vertex from the
primary proton-antiproton interaction point is required
to exceed 3 standard deviations for the resolution of the
vertex position in the plane perpendicular to the beam
direction.

The B± selection is further improved using a likeli-
hood ratio method taken directly from Refs. [19–22] that
combines a number of variables to discriminate between
signal and background: the smaller of the transverse mo-
menta of the two muons; the �2 of the B decay vertex;
the B± decay length divided by its uncertainty; the sig-
nificance, S

B

, of the reconstructed B± meson impact pa-
rameter; the transverse momentum of the h±; and the
significance, S

K

, of the h± impact parameter.

For any particle i, the significance S
i

is defined as
S
i

=
p
[✏
T

/�(✏
T

)]2 + [✏
L

/�(✏
L

)]2, where ✏
T

(✏
L

) is the
projection of the impact parameter on the plane perpen-
dicular to (along) the beam direction, and �(✏

T

) [�(✏
L

)]
is its uncertainty. The trajectory of each B± is formed
assuming that it passes through the reconstructed B±

vertex and is directed along the reconstructed B± mo-
mentum.

The final requirement on the likelihood ratio variable is

chosen to minimize the statistical uncertainty on AJ/ K

raw .

The measurement of AJ/ ⇡

raw makes use of a di↵erent selec-
tion on the likelihood ratio that minimizes the statistical
uncertainty of AJ/ ⇡

raw . The asymmetry results extracted
with both of these likelihood selections are consistent.
No event has more than one possible track and J/ mass
combination that passes all of the selection criteria.

From each set of three particles fulfilling these require-
ments, a J/ h± candidate is constructed. The momenta
of the muons are corrected by constraining the J/ mass
to the world average [11].

The number of signal candidates are extracted from the
J/ h± mass distribution using an unbinned maximum
likelihood fit over a mass range of 4.98 < M(J/ h±) <
5.76 GeV/c2 as shown in Fig. 1. The dominant peak
consists of the overlap of the B± ! J/ K± and the
B± ! J/ ⇡± (where the ⇡± is mis-identified as a K±)
components. The mis-identified B± ! J/ ⇡± decay
mode appears as a small peak shifted to a slightly higher
mass than the B±. The B± ! J/ K± signal peak is
modeled by two Gaussian functions constrained to have
the same mean but, with di↵erent widths and normaliza-
tions to model the detector’s mass resolution, G

K

(m).
Taking account the D0 momentum scale, the mean is
found to be consistent with the PDG average of the B±

meson mass. To obtain a good fit to the data, the widths
have a linear dependence on the kaon energy. We as-
sume that the mass distribution of the B± ! J/ ⇡± is
identical to that of B± ! J/ K±, if the correct hadron
mass is assigned. To model the J/ ⇡± mass distribu-
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We present a measurement of the direct CP -violating charge asymmetry in B± mesons decaying
to J/ K± and J/ ⇡± where J/ decays to µ+µ�, using 10.4 fb�1 of proton-antiproton collisions
collected by the D0 detector during Run II at the Fermilab Tevatron Collider. A di↵erence in
the yield of B� and B+ mesons in these decays is found by fitting to the di↵erence between their
reconstructed invariant mass distributions resulting in asymmetries of AJ/ K = [0.59± 0.36]%,
which is the most precise measurement to date, and AJ/ ⇡ = [�4.2± 4.8]%. Both measurements
are consistent with standard model predictions.

PACS numbers: 13.25.Hw, 11.30.Er, 12.15.Hh, 14.40.Nd

Currently all measurements of CP violation, either in
decay, mixing, or in the interference between the two,
have been consistent with the presence of a single phase in
the CKM matrix. The standard model predicts that for
b ! scc̄ decays, the tree and penguin contributions have
the same weak phase, and thus no direct CP violation is
expected in the decays of B± mesons to J/ K±. Esti-
mates of the e↵ect of penguin loops [1] show that there
could be a small amount of direct CP violation of up
to O(0.3%). A measurement of a relatively large charge
asymmetry would indicate the existence of physics be-
yond the standard model [1–3]. In the transition b ! dcc̄,
the tree and penguin contributions have di↵erent phases,
and there may be measurable levels of CP violation in
the decay B± ! J/ ⇡± [4, 5].

The CP -violating charge asymmetry in the decays
B± ! J/ K± and B± ! J/ ⇡± are defined as

AJ/ K =
� (B� ! J/ K�)� � (B+ ! J/ K+)

� (B� ! J/ K�) + � (B+ ! J/ K+)
, (1)

AJ/ ⇡ =
� (B� ! J/ ⇡�)� � (B+ ! J/ ⇡+)

� (B� ! J/ ⇡�) + � (B+ ! J/ ⇡+)
. (2)

Previous measurements of AJ/ K [6–10] have been aver-
aged by the Particle Data Group with the result AJ/ K =
[0.1± 0.7]% [11]. The most precise measurement of
AJ/ K was made by the Belle collaboration [6], with a to-
tal uncertainty of 0.54%. The most precise measurement
of AJ/ ⇡ was made by the LHCb collaboration [12], with
a total uncertainty of 2.9%. The LHCb measurement is
actually a measurement of the di↵erence, AJ/ ⇡�AJ/ K ,
and assumes that AJ/ K is zero. The previous measure-

ment made by the D0 Collaboration [7] has a total un-
certainty of 0.68% for AJ/ K and 8.5% for AJ/ ⇡ using
a data sample of 2.8 fb�1 of proton-antiproton collisions.
This Letter presents substantially improved measure-

ments of AJ/ K and AJ/ ⇡ using the full Tevatron Run II
data sample with an integrated luminosity of 10.4 fb�1.
We assume there is no production asymmetry between
B+ and B� mesons in proton-antiproton collisions. An
advantage of these decay modes into J/ X± is that no
assumptions on the CP symmetry of subsequent charm
decays need to be made.
These updated measurements of AJ/ K and AJ/ ⇡

make use of the methods for extracting asymmetries
used in the analyses of the time-integrated flavor-specific
semileptonic charge asymmetry in the decays of neutral
B mesons [13, 14]. We measure the raw asymmetries

AJ/ K

raw =
N

J/ K

� �N
J/ K

+

N
J/ K

� +N
J/ K

+

, (3)

AJ/ ⇡

raw =
N

J/ ⇡

� �N
J/ ⇡

+

N
J/ ⇡

� +N
J/ ⇡

+

, (4)

where N
J/ K

� (N
J/ K

+) is the number of reconstructed
B� ! J/ K� (B+ ! J/ K+) decays, and N

J/ ⇡

�

(N
J/ ⇡

+) is the number of reconstructed B� ! J/ ⇡�

(B+ ! J/ ⇡+) decays. The charge asymmetry in B±

decays is then given by (neglecting any terms second-
order or higher in the asymmetry)

AJ/ K =AJ/ K

raw +A
K

, (5)

AJ/ ⇡ =AJ/ ⇡

raw +A
⇡

, (6)
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This results in an uncertainty in AJ/ K

raw of 0.011% and

in AJ/ ⇡

raw of 0.69% (labelled “Fit function”).
The following variations of the various asymmetry

models are also examined. The asymmetries representing
the threshold function and the combinatoric background
are set to the same value, A

T

= A
E

. The asymmetry
of the combinatoric background is set to zero, A

E

= 0.
The asymmetry of the threshold function is set to zero,
A

T

= 0. The asymmetries representing the threshold
function and the combinatoric background are both set

to zero, A
E

= A
T

= 0. When extracting AJ/ K

raw , the

asymmetry AJ/ ⇡

raw is set equal to zero. When extract-

ing AJ/ ⇡

raw , the asymmetry AJ/ K

raw is set equal to zero.

This results in uncertainties in AJ/ K

raw of 0.038% and in
AJ/ ⇡

raw of 1.59% (labeled “Asymmetry modeling”). The
e↵ect of the event weighting is studied by varying the
number of events for each magnet configuration by the
statistical uncertainty (

p
N). This results in uncertain-

ties of less than 0.0005% in AJ/ K and 0.014% in AJ/ ⇡,
which are small compared to the other uncertainties and
is not included in the summary table.

The resulting systematic uncertainties are added in
quadrature to obtain:

AJ/ K

raw = [�0.46± 0.36 (stat)± 0.046 (syst)]%, (11)

AJ/ ⇡

raw = [�4.2± 4.4 (stat)± 1.82 (syst)]%. (12)

To test the sensitivity of the fitting procedure, the
charge of the charged hadron in the data is random-
ized to produce samples with no asymmetry, and 1000
trials are performed, each with the same statistics as the
measurement. The central value of the asymmetry distri-
bution, (+0.008± 0.011)%, is consistent with zero with
a width of 0.37%, consistent with the statistical uncer-
tainty found in data. These studies are repeated with
introduced asymmetries of �1.0, �0.5 and 1.0%, each of
which returns the expected asymmetries and statistical
uncertainties with no significant bias.

The correction A
K

(Eq. 7), is calculated using the
measured kaon reconstruction asymmetry presented in
Ref. [14]. Negative kaons can interact with matter to
produce hyperons, while there is no equivalent interac-
tion for positive kaons. As a result, the mean path length
for positive kaons is larger, the reconstruction e�ciency
is higher, and the kaon asymmetry, A

K

, is positive.
The kaon asymmetry is measured using a dedicated

sample of K⇤0(K̄⇤0) ! K+⇡�(K�⇡+) decays, based on
the technique described in Ref. [23]. The K+⇡� and
K�⇡+ signal yields are extracted by fitting the charge-
specific M(K±⇡⌥) distributions, and the asymmetry is
determined by dividing the di↵erence by the sum. The
track selection criteria are the same as those required
for the J/ h± signal. The residual detector tracking
asymmetry has been studied in Ref. [13, 14, 23] using
K0

S

! ⇡+⇡� and K⇤± ! K0
S

⇡± decays. No significant

residual track reconstruction asymmetries are found and
no correction for tracking asymmetries need to be ap-
plied. The tracking asymmetry of charged pions has been
studied using MC simulations of the detector. The asym-
metry is found to be less than 0.05%, which is assigned
as a systematic uncertainty (labeled �Atracking).
As expected, an overall positive kaon asymmetry of

approximately 1% is observed. A strong dependence on
kaon momentum and the absolute value of the pseudo-
rapidity is found, and hence the final kaon asymmetry
correction to be applied in Eq. 5 is determined by the
polarity-weighted average of A

K

[p(K), |⌘(K)|] over the
p(K) and |⌘(K)| distributions in the signal events. A rel-
ative systematic uncertainty of 5% is assigned to each bin
to account for possible variations in the yield when dif-
ferent models are used to fit the signal and backgrounds
in the K⇤0 mass distribution. Following studies over a
range of fit variations, a relative systematic uncertainty
of 3% on the J/ K± yields is applied. The resulting
kaon correction is found to be (the uncertainty is labeled
�A

K

in Table I):

A
K

= [1.046± 0.043 (syst)]%. (13)

The final uncertainties are summarized in Table I
where their combination assumes that they are uncor-
related. We obtain final asymmetries of

AJ/ K = [0.59± 0.36 (stat)± 0.08 (syst)]%, (14)

AJ/ ⇡ = [�4.2± 4.4 (stat)± 1.8 (syst)]%. (15)

This is the most precise measurement of AJ/ K to date
and is a reduction in uncertainty by approximately a fac-
tor of two from the previous D0 result [7].

TABLE I. The statistical and systematic uncertainties for ex-
tracting the asymmetries AJ/ K and AJ/ ⇡.

Type of uncertainty AJ/ K (%) AJ/ ⇡ (%)
Statistical 0.36 4.4
Mass range 0.022 0.55
Fit function 0.011 0.69

Asymmetry modeling 0.038 1.59
�Atracking 0.05 0.05

�AK 0.043 n/a
Total systematic uncertainty 0.08 1.8

Total uncertainty 0.37 4.8

Several consistency checks are performed by dividing
the data into smaller samples using additional selections
based on data-taking periods, magnet polarities, trans-
verse momentum, and rapidity of the charged track rep-
resenting the kaon. The resulting variations of AJ/ K

and AJ/ ⇡ are statistically consistent with the results of
Eqs. 14 and 15.
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 (%)KψJ/A
-1 0 1 2

M
od

el

A: First Half of Run

B: Second Half of Run

(K) > 0ηC: 

(K) < 0ηD: 

E: p(K) < 4.2 GeV

F: p(K) > 4.2 GeV

 (%)KψJ/A
-2 -1 0 1 2

M
od

el

|(K) < 0.7ηG: |

|(K) < 1.2ηH: 0.7 < |

|(K) < 2.2ηJ: 1.2 < |

 (%)KψJ/
rawA

-2 -1 0 1 2

M
od

el

J: Sol,Tor = ++

K: Sol,Tor = +-

L: Sol,Tor = -+

M: Sol,Tor = --

Tor = 1×N: Sol

Tor = -1×O: Sol

Repeat analysis using pairs of orthogonal sub-sets of 
the data to check stability
• Forward/Backward
• Forward/Central
• Low/High Momentum
• Early/Late Running

All measurements are consistent 
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Closure

• To test the sensitivity of the fitting procedure, the charge of 
the charged hadron in the data is randomised to produce 
samples with no asymmetry, -1%, -0.5% and 1%.

• 1000 trials are performed for each asymmetry.

• The central value of the asymmetry distribution is consistent 
with the input asymmetry and for zero asymmetry we find

• AJ/ψK width of 0.37%  and a mean of +0.008 ± 0.011% 

• AJ/ψπ width of 4.8%  and a mean of  +0.08 ± 0.17% 

• This is consistent with the statistical uncertainty found in 
data. 
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 (%)KψJ/A
-5 0 5 10

2χ

D0 2013 0.7

Belle 2010 3.6

Belle 2007

BaBar 2005 2.5

Cleo 2000

6.8

 0.55)%±World Average = (0.28 
Uncertainty scaled by 1.8
Confidence Level 0.033

New World Averages
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 (%)πψJ/A
-10 0 10

2χ

D0 2013 0.61

LHCb 2012 0.00

BaBar 2004 2.24

Belle 2003 0.01

2.87

 2.36)%±World Average = (-0.45 

World Averages 
calculated using PDG procedure. 
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Summary

• New measurements of AJ/ψK and AJ/ψπ submitted to PRL
hep-ex/1304.1655.

• AJ/ψK total uncertainty of 0.37% significantly improves on the 
previous best measurement 0.55%. 

• Both measurements consistent with standard model predictions. 

• AJ/ψπ has been significantly improved over the previous 
measurement.
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