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Ph. Gris,12 J.-F. Grivaz,15 S. Grünendahl,50 M.W. Grünewald,29 F. Guo,72 J. Guo,72 G. Gutierrez,50 P. Gutierrez,75

A. Haas,70 N.J. Hadley,61 P. Haefner,24 S. Hagopian,49 J. Haley,68 I. Hall,75 R.E. Hall,47 L. Han,6 K. Hanagaki,50

P. Hansson,40 K. Harder,59 A. Harel,71 R. Harrington,63 J.M. Hauptman,57 R. Hauser,65 J. Hays,53 T. Hebbeker,20

D. Hedin,52 J.G. Hegeman,33 J.M. Heinmiller,51 A.P. Heinson,48 U. Heintz,62 C. Hensel,58 K. Herner,72

G. Hesketh,63 M.D. Hildreth,55 R. Hirosky,81 J.D. Hobbs,72 B. Hoeneisen,11 H. Hoeth,25 M. Hohlfeld,15

S.J. Hong,30 R. Hooper,77 P. Houben,33 Y. Hu,72 Z. Hubacek,9 V. Hynek,8 I. Iashvili,69 R. Illingworth,50 A.S. Ito,50
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We have performed the first direct measurement of the time integrated flavor untagged charge
asymmetry in semileptonic B0

s decays, As,unt
SL , by comparing the decay rate of B0

s → µ+D−

s νX,
where D−

s → φπ− and φ → K+K−, with the charge-conjugate B0
s decay rate. This sample was

selected from 1.3 fb−1 of data collected by the D0 experiment in Run II of the Fermilab Tevatron
collider. We obtain As,unt

SL = [1.23 ± 0.97 (stat) ± 0.17 (syst)] × 10−2. Assuming that ∆ms/Γ̄s # 1,

1

2

3

hep-ex/0701007, PRL 98, 151801 (2007) 

hep-ex/0609014, PRD 74, 092001 (2006)

D0 preliminary 
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B49/B49.pdf

Detector asymmetries

Kaons

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B49/B49.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B49/B49.pdf
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asymmetry in semileptonic B0

s decays, As,unt
SL , by comparing the decay rate of B0

s → µ+D−

s νX,
where D−

s → φπ− and φ → K+K−, with the charge-conjugate B0
s decay rate. This sample was

selected from 1.3 fb−1 of data collected by the D0 experiment in Run II of the Fermilab Tevatron
collider. We obtain As,unt

SL = [1.23 ± 0.97 (stat) ± 0.17 (syst)] × 10−2. Assuming that ∆ms/Γ̄s # 1,
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We have performed the first direct measurement of the time integrated flavor untagged charge
asymmetry in semileptonic B0

s decays, As,unt
SL , by comparing the decay rate of B0

s → µ+D−

s νX,
where D−

s → φπ− and φ → K+K−, with the charge-conjugate B0
s decay rate. This sample was

selected from 1.3 fb−1 of data collected by the D0 experiment in Run II of the Fermilab Tevatron
collider. We obtain As,unt

SL = [1.23 ± 0.97 (stat) ± 0.17 (syst)] × 10−2. Assuming that ∆ms/Γ̄s # 1,
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FIG. 1: The invariant mass distribution M(φπ) for the se-
lected B0

s candidates. The curve shows the result of fit by a
function described in the text.

cc̄(bb̄) → µDsνX with the Ds originating from a b or
c quark, and the muon arising from another quark. The
invariant mass distribution M(φπ) for the selected events
is shown in Fig. 1. The low and high peaks correspond re-
spectively to (µD),mostly due to B0, and (µDs), mostly
due to B0

s . The curve represents a fit to the M(φπ)
spectrum. A single Gaussian was sufficient to describe
the D → φπ decay, a double Gaussian to describe the
Ds → φπ decay, and the background was modeled by an
exponential. The total number of events passing all cuts
in the Ds mass peak is 27,300± 300 (stat).

To measure As,unt
SL , both physics and detector effects

contributing to the possible imbalance of events with pos-
itively and negatively charged muons must be taken into
account. One physics source of asymmetry is CP vio-
lation in semileptonic B decays. In addition, forward-
backward charge asymmetry of events produced in the
proton-antiproton collisions can also be present. Detec-
tor effects can give rise to an artificial asymmetry if, e.g.,
the reconstruction efficiencies of positively and negatively
charged particles are different. However, a positively
charged particle produces the same track as a negatively
charged particle in the detector with reversed magnet
polarity. Therefore, almost all detector effects can be
canceled provided the fractions of events with opposite
magnet polarities are approximately the same. This is
the case in this analysis, where the exposures are the
same within 1%.

According to the method described in Ref. [6], the
event sample was divided into eight subsamples corre-
sponding to all possible combinations of the toroid polar-
ity β = ±1, the sign of the pseudorapidity of the (µφπ)
system [13] γ = ±1, and the sign of the muon charge
q = ±1. The number of (µDs) events in each subsample
was obtained by a fit to the mass distribution M(φπ) us-
ing the same function as for the whole sample. For the
cross-check we also extracted the numbers of (µD) and

TABLE I: The numbers of events nβγ
q (Ds) [nβγ

q (D)] in the
Ds [D] mass peak and in the background nβγ

q (bkg) for eight
subsamples.

Subsample: nβγ
q (Ds) nβγ

q (D) nβγ
q (bkg)

βγq (events) (events) (events)
+ + + 3,216± 76 907± 55 9,797± 124
+ − + 3,586± 79 965± 56 10,387± 127
+ + − 3,391± 78 1,037± 57 10,390± 127
+ −− 3,225± 76 963± 55 9,832± 124
− + + 3,616± 80 1,003± 57 10,508± 128
−− + 3,370± 77 801± 54 9,987± 125
− + − 3,353± 77 831± 55 10,215± 125
−−− 3,532± 79 1,116± 59 10,701± 129

background events from the fit. The widths and positions
of the (µDs) and (µD) peaks, the relative fractions of the
two Gaussians describing the (µDs) peak, as well as the
background slope were fixed to the values obtained from
the fit to the total M(φπ) distribution. The numbers
of (µDs) and (µD) events, nβγ

q (Ds) and nβγ
q (D), along

with the number of the background events in the fitting
range 1.75− 2.30 GeV/c2, nβγ

q (bkg), for each subsample
is given in Table I.

The fitted numbers of (µDs) [(µD), background]
events were used to disentangle the physics asymme-
tries and the detector effects. The nβγ

q can be expressed
through the physics and the detector asymmetries as fol-
lows [6]:

nβγ
q =

1

4
Nεβ(1 + qA)(1 + qγAfb)(1 + γAdet)

× (1 + qβγAro)(1 + qβAqβ)(1 + βγAβγ). (3)

Here N is the total number of (µDs) [(µD), background]
events; εβ is the fraction of integrated luminosity with
toroid polarity β (ε++ε− = 1); A is the integrated charge
asymmetry to be measured; Afb is the forward-backward
asymmetry; Adet is the detector asymmetry for particles
emitted in the forward and backward direction; Aro is
the range-out asymmetry that accounts for the change
in acceptance of muons which bend towards the beam
line and those which bend away from the beam line; Aqβ

is the detector asymmetry which accounts for the change
in the muon reconstruction efficiency when the toroid
polarity is reversed; Aβγ accounts for any detector re-
lated forward-backward asymmetries that remain after
the toroid polarity flip.

Since the system (3) contains eight equations, all six
asymmetries together with N and ε+ can be extracted
for each of the three types of the events. Results are pre-
sented in Table II separately for (µDs) and (µD) events
and the background. The physics asymmetries A and Afb

for background events are consistent with zero. This is
an important test for this method, since the precision of
the asymmetry measurement for the background events
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We have performed the first direct measurement of the time integrated flavor untagged charge
asymmetry in semileptonic B0

s decays, As,unt
SL , by comparing the decay rate of B0

s → µ+D−

s νX,
where D−

s → φπ− and φ → K+K−, with the charge-conjugate B0
s decay rate. This sample was

selected from 1.3 fb−1 of data collected by the D0 experiment in Run II of the Fermilab Tevatron
collider. We obtain As,unt

SL = [1.23 ± 0.97 (stat) ± 0.17 (syst)] × 10−2. Assuming that ∆ms/Γ̄s # 1,
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FIG. 3: Result from the unbinned fit of invariant mass distribution of the µµK system, using B candidate mass, di-muon
energy, and Kaon candidate energy.

At high EK energies both the mass peak resolution and the fraction of the combinatorial background increase. This
is reflected in the smearing of the B mass peak and the increase of the background slope at high EK , which were
parametrized by the function quadratic in EK in the range 0 < EK < 10 GeV, σB = σB,0(1 + d1EK + d2E2

K), and
fixed to constant above 10 GeV due to the decreased statistics. The parameters σB,0 and di were determined from
the fit.

The resolution of the reflected J/ψπ peak, shifted to the higher mass values, is expected to be worse, as higher mass
corresponds to higher track energies. For the small shifts of the reflected peak from the B mass peak the resolution
was considered to be proportional to the mass of the reflection:

σB,R = σB
mB,R

mB
. (9)

The increase of the background slope at higher EK energies was parametrised by the function quadratic in EK in
the range 0 < EK < 10 GeV, mBKG = mBKG,0(1 + k1EK + k2E2

K), and fixed to constant above 10 GeV due to the
decreased statistics. The parameters mBKG,0 and ki were determined from the fit.

C. The fit result

The fit result is shown in Fig. 3. The number of events in each channel is summarized in Table I. Note, that as both
J/ψK and J/ψπ signals fall into the mass fit window, we should expect the ratio of the numbers of events in the J/ψπ
and J/ψK channels to correspond to the ratio of the J/ψπ and J/ψK branching fractions [6]. Indeed, from Table
I we obtain N(J/ψπ)/N(J/ψK) = (4.06 ± 0.35) × 10−2, which is confirmed by the PDG: Br(J/ψπ)/Br(J/ψK) =
(4.86 ± 0.62) × 10−2. However, this is not the case with the J/ψK∗ signal, which falls into the mass fit window
only partially. Its contribution depends to the large extent on the parametrization and on the adequateness of the
corresponding Monte Carlo simulation. Moreover, other B → J/ψX decays may contribute to the J/ψK∗ signal in
the mass fit window, which may make its contribution even more uncertain. The uncertainty in the J/ψK∗ signal
contribution is accounted in the sytematic uncertainty of the measurement.

IV. ACP MEASUREMENT

We need to measure the charge asymmetry between B− → J/ψK− and B+ → J/ψK+ events:

ACP =
N(B− → J/ψK−) − N(B+ → J/ψK+)
N(B− → J/ψK−) + N(B+ → J/ψK+)

, (10)
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TABLE I: Result from the unbinned fit: number of events in channels.
Channel #events
J/ψK 27,515±159
J/ψπ 1,118±97
J/ψK∗ 3,745±43
BKG 22,087±167
Total # of events in the signal region 54,464

namely, the asymmetry between positive and negative Kaons in the selected sample. However, the detector can
introduce apparent charge asymmetries [7], which have to be disentangled away. We use the method proposed in [7],
and already successfully applied in a number of analyses [8, 9].

To summmarize, the authors of [7] measured the charge asymmetries in dimuons produced in the decays of neutral B0

mesons to extract CP-violating parameter of B0 mixing and decay. They exploited a reversal of magnet polarities of D0
detector and proposed to divide initial event sample into eight subsamples corresponding to all possible combinations
of the magnet (toroid or solenoid) polarity β = ±1, the sign of the pseudorapidity of the charged particle γ = ±1,
and the sign of the charge of the particle q = ±1.

Then the physics and the detector can be modelled as follows:

nβγ
q =

1
4
Nεβ(1 + qA)(1 + qγAfb)(1 + γAdet)

× (1 + qβγAqβγ)(1 + qβAqβ)(1 + βγAβγ). (11)

Here N is the total number of signal events; εβ is the fraction of integrated luminosity with magnet (toroid or
solenoid) polarity β (ε+ + ε− = 1); A is the physics charge asymmetry to be measured; Afb is the forward-backward
asymmetry; Adet is the detector asymmetry for particles emitted in the forward and backward direction; Aqβγ accounts
for the change in acceptance of particles of different sign bent by the magnet in different directions Aqβ is the detector
asymmetry which accounts for the change in the particle reconstruction efficiency when the magnet polarity is reversed;
Aβγ accounts for any detector related forward-backward asymmetries that remain after the magnet polarity flip. The
formula (11) basically says that the number of events in each βγq subsample deviates from 1

4Nεβ ≈ 1
8N due to physics

charge asymmetry A, and various detector asymmetries.
By solving equations (11) we disentangle away the detector asymmetries by actually measuring them together with

the physics charge asymmetry.
The procedure described was used to correctly measure the charge asymmetry ACP (B+ → J/ψK+). The initial

sample was divided into eight subsamples corresponding to eight combinations of the solenoid polarity, kaon pseudo-
rapidity and kaon charge. The invariant mass distribution of the µµK system in every subsample was unbinned-fitted
(see Figs. 4, 5), and the number of events in the J/ψK, J/ψπ, and J/ψK∗ channels extracted (see Table II).

All parameters of the fits apart from the fractions of the J/ψK signal, β1, J/ψπ signal, β2, and J/ψK∗ signal, α2

(see (5)), were fixed to the values determined from the fit to the whole sample. The system (11) was solved with
MINUIT for all channels, the resulting asymmetries are shown in the Table III. The measured charge asymmetry is
A = −0.00665± 0.00579(stat).

Note, that the number of events in J/ψπ channel considerably fluctuates between the βγq subsamples (see Table
II), so the asymmetry measured in this channel, ACP (B+ → J/ψπ+) = −0.17 ± 0.11, is subject to high systematic
uncertainty due to the fitting procedure. The number of events in J/ψK∗ channel also undergoes fluctuations,
although at the lower level. The effect of those fluctuations on the determination of CP violating asymmetry in the
J/ψK channel is accounted in the systematic uncertainty from the likelihood fit parametrization of the J/ψπ and
J/ψK∗ signals.

V. KAON ASYMMETRY

In the process we study a single kaon is produced in the final state. Positive and negative kaons have different
inelastic cross-section with the detector material: σ(K−dinelastic) > σ(K+dinelastic) [6]. This difference is due to
existence of Y hyperons: reactions K−N → Y π have no K+N analog. Therefore the average path of K+-s in the
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2

FIG. 1: Leading amplitudes for the B± → J/ψ±K± decay: direct (a) and annihilation (b). For annihilation amplitude gluons
are not shown (there should be at least three for J/ψ).

(a) (b)

I. MOTIVATION

The B± → J/ψ±K± decays proceed through the quark decay b → cc̄s and its conjugate process. The Standard
Model predicts small direct CP violation in this decay channel mainly due to the interference between direct (Fig. 1, a)
and annihilation (Fig. 1, b) amplitudes.

The CP violation manifests itself as a decay rate asymmetry between b → cc̄s decay and its conjugate:

ACP (B+ → J/ψ(1S)K+) =
Γ(B− → J/ψK−) − Γ(B+ → J/ψK+)
Γ(B− → J/ψK−) + Γ(B+ → J/ψK+)

. (1)

In the Standard Model it is predicted to be at the level of 1%. However, there are theoretical models which predict
an enhanced asymmetry in this channel because of the additional phases arising due to the new physics couplings at
tree level. Most cited are the model with an extra U(1)′ gauge boson responsible for the flavor-changing coupling
between b and s quarks [2] and the Two-Higgs Doublet Model (THDM) which introduces an extra coupling to the
charged Higgs [3].

Apart from the theoretical point of view, some features of this decay make its studies attractive experimentally.
Firstly, neither tagging nor time-dependence measurements are required to measure the direct decay rate asymmetry,
it is enough to measure the charge asymmetry between B− → J/ψK− and B+ → J/ψK+ using Kaon charge as a
tag. Secondly, clean experimental signature of the final state due to charmonium and high branching ratio of ∼ 10−3

make the selection of the event sample comparatively easy.

II. B → J/ψK SAMPLE SELECTION

The measurement was performed using the RunII D0 data sample corresponding to an integrated luminosity of
approximately 1.3 fb−1. The sample was collected using di-muon triggers.

The B+ meson is reconstructed in the exclusive decay B+ → J/ψK+ with J/ψ decaying to µ+µ−. Each muon is
required to be identified by the muon system, have an associated track in the central tracking system with at least
two measurements in the SMT, and a transverse momentum pµ

T > 1.5 GeV/c. At least one of the two muons is
required to have matching track segments both inside and outside the toroidal magnet. The two muons must form a
common vertex and have an invariant mass between 2.8 and 3.35 GeV/c2, to form a J/ψ candidate. An additional
charged track with pT > 0.5 GeV/c, with total momentum above 0.7 GeV/c and with at least two measurements in
the SMT, is selected. This particle is assigned the kaon mass and required to have a common vertex, with χ2 < 16
for 3 degrees of freedom, with the two muons. The displacement of this vertex from the primary interaction point is
required to exceed three standard deviations in the plane perpendicular to the beam direction. The primary vertex

reconstruct in 
excl. dimuon 

decay

3

Direct CPV in                                   b → cc̄s

N(J/ψπ)
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FIG. 2: Same as Fig. 1, but for equal toroid and solenoid polarities. Here e = 0.9292.

FIG. 3: Schematic drawing of the magnetized iron toroids of
the D0 detector, and muon tracks related by toroid polarity
reversal, CP conjugation and forward-backward reflection.

geometry effects. It changes sign when the magnet po-
larities are reversed. This is the detector geometry effect
that is cancelled by taking the weighted average of A+

and A−. The magnitude of this effect is Aαβ ≈ −0.006,

see Table III.
Solving equations (3) up to second-order terms in the

asymmetries, A is obtained by taking the weighted aver-
age 1

2
(A+ + eA−):

(n++
+ + n+−

+ − n++
− − n+−

− ) + e(n−+
+ + n−−

+ − n−+
− − n−−

− )

(n++
+ + n+−

+ + n++
− + n+−

− ) + e(n−+
+ + n−−

+ + n−+
− + n−−

− )

= A + AfbAdet,(4)

where e ≡ ε+/ε−. To the required accuracy, e is the ratio
of the number of events passing cuts with toroid polarity
β = +1 over the corresponding number with β = −1.
The ratio e is determined by counting single muons for
the single muon asymmetries, or by counting dimuons for
the dimuon analysis. This procedure introduces no bias
since we count all muons or dimuons regardless of the
charges of each muon. The left-hand-side is the measured
asymmetry, A is the corrected asymmetry, and −AfbAdet

is the correction due to the forward-backward and detec-
tor asymmetries. We do not apply this correction because
it turns out to be negligible and compatible with zero, see
Table III. We use the correction to estimate the corre-
sponding systematic uncertainty. We can understand the
last term in Eq. (4): if positive (negative) muons prefer to
go in the proton (antiproton) direction and the detector
is north-south asymmetric, then we obtain an apparent
charge asymmetry.
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FIG. 1: The invariant mass distribution M(φπ) for the se-
lected B0

s candidates. The curve shows the result of fit by a
function described in the text.

cc̄(bb̄) → µDsνX with the Ds originating from a b or
c quark, and the muon arising from another quark. The
invariant mass distribution M(φπ) for the selected events
is shown in Fig. 1. The low and high peaks correspond re-
spectively to (µD),mostly due to B0, and (µDs), mostly
due to B0

s . The curve represents a fit to the M(φπ)
spectrum. A single Gaussian was sufficient to describe
the D → φπ decay, a double Gaussian to describe the
Ds → φπ decay, and the background was modeled by an
exponential. The total number of events passing all cuts
in the Ds mass peak is 27,300± 300 (stat).

To measure As,unt
SL , both physics and detector effects

contributing to the possible imbalance of events with pos-
itively and negatively charged muons must be taken into
account. One physics source of asymmetry is CP vio-
lation in semileptonic B decays. In addition, forward-
backward charge asymmetry of events produced in the
proton-antiproton collisions can also be present. Detec-
tor effects can give rise to an artificial asymmetry if, e.g.,
the reconstruction efficiencies of positively and negatively
charged particles are different. However, a positively
charged particle produces the same track as a negatively
charged particle in the detector with reversed magnet
polarity. Therefore, almost all detector effects can be
canceled provided the fractions of events with opposite
magnet polarities are approximately the same. This is
the case in this analysis, where the exposures are the
same within 1%.

According to the method described in Ref. [6], the
event sample was divided into eight subsamples corre-
sponding to all possible combinations of the toroid polar-
ity β = ±1, the sign of the pseudorapidity of the (µφπ)
system [13] γ = ±1, and the sign of the muon charge
q = ±1. The number of (µDs) events in each subsample
was obtained by a fit to the mass distribution M(φπ) us-
ing the same function as for the whole sample. For the
cross-check we also extracted the numbers of (µD) and

TABLE I: The numbers of events nβγ
q (Ds) [nβγ

q (D)] in the
Ds [D] mass peak and in the background nβγ

q (bkg) for eight
subsamples.

Subsample: nβγ
q (Ds) nβγ

q (D) nβγ
q (bkg)

βγq (events) (events) (events)
+ + + 3,216± 76 907± 55 9,797± 124
+ − + 3,586± 79 965± 56 10,387± 127
+ + − 3,391± 78 1,037± 57 10,390± 127
+ −− 3,225± 76 963± 55 9,832± 124
− + + 3,616± 80 1,003± 57 10,508± 128
−− + 3,370± 77 801± 54 9,987± 125
− + − 3,353± 77 831± 55 10,215± 125
−−− 3,532± 79 1,116± 59 10,701± 129

background events from the fit. The widths and positions
of the (µDs) and (µD) peaks, the relative fractions of the
two Gaussians describing the (µDs) peak, as well as the
background slope were fixed to the values obtained from
the fit to the total M(φπ) distribution. The numbers
of (µDs) and (µD) events, nβγ

q (Ds) and nβγ
q (D), along

with the number of the background events in the fitting
range 1.75− 2.30 GeV/c2, nβγ

q (bkg), for each subsample
is given in Table I.

The fitted numbers of (µDs) [(µD), background]
events were used to disentangle the physics asymme-
tries and the detector effects. The nβγ

q can be expressed
through the physics and the detector asymmetries as fol-
lows [6]:

nβγ
q =

1

4
Nεβ(1 + qA)(1 + qγAfb)(1 + γAdet)

× (1 + qβγAro)(1 + qβAqβ)(1 + βγAβγ). (3)

Here N is the total number of (µDs) [(µD), background]
events; εβ is the fraction of integrated luminosity with
toroid polarity β (ε++ε− = 1); A is the integrated charge
asymmetry to be measured; Afb is the forward-backward
asymmetry; Adet is the detector asymmetry for particles
emitted in the forward and backward direction; Aro is
the range-out asymmetry that accounts for the change
in acceptance of muons which bend towards the beam
line and those which bend away from the beam line; Aqβ

is the detector asymmetry which accounts for the change
in the muon reconstruction efficiency when the toroid
polarity is reversed; Aβγ accounts for any detector re-
lated forward-backward asymmetries that remain after
the toroid polarity flip.

Since the system (3) contains eight equations, all six
asymmetries together with N and ε+ can be extracted
for each of the three types of the events. Results are pre-
sented in Table II separately for (µDs) and (µD) events
and the background. The physics asymmetries A and Afb

for background events are consistent with zero. This is
an important test for this method, since the precision of
the asymmetry measurement for the background events
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function described in the text.

cc̄(bb̄) → µDsνX with the Ds originating from a b or
c quark, and the muon arising from another quark. The
invariant mass distribution M(φπ) for the selected events
is shown in Fig. 1. The low and high peaks correspond re-
spectively to (µD),mostly due to B0, and (µDs), mostly
due to B0

s . The curve represents a fit to the M(φπ)
spectrum. A single Gaussian was sufficient to describe
the D → φπ decay, a double Gaussian to describe the
Ds → φπ decay, and the background was modeled by an
exponential. The total number of events passing all cuts
in the Ds mass peak is 27,300± 300 (stat).

To measure As,unt
SL , both physics and detector effects

contributing to the possible imbalance of events with pos-
itively and negatively charged muons must be taken into
account. One physics source of asymmetry is CP vio-
lation in semileptonic B decays. In addition, forward-
backward charge asymmetry of events produced in the
proton-antiproton collisions can also be present. Detec-
tor effects can give rise to an artificial asymmetry if, e.g.,
the reconstruction efficiencies of positively and negatively
charged particles are different. However, a positively
charged particle produces the same track as a negatively
charged particle in the detector with reversed magnet
polarity. Therefore, almost all detector effects can be
canceled provided the fractions of events with opposite
magnet polarities are approximately the same. This is
the case in this analysis, where the exposures are the
same within 1%.

According to the method described in Ref. [6], the
event sample was divided into eight subsamples corre-
sponding to all possible combinations of the toroid polar-
ity β = ±1, the sign of the pseudorapidity of the (µφπ)
system [13] γ = ±1, and the sign of the muon charge
q = ±1. The number of (µDs) events in each subsample
was obtained by a fit to the mass distribution M(φπ) us-
ing the same function as for the whole sample. For the
cross-check we also extracted the numbers of (µD) and

TABLE I: The numbers of events nβγ
q (Ds) [nβγ

q (D)] in the
Ds [D] mass peak and in the background nβγ

q (bkg) for eight
subsamples.

Subsample: nβγ
q (Ds) nβγ

q (D) nβγ
q (bkg)

βγq (events) (events) (events)
+ + + 3,216± 76 907± 55 9,797± 124
+ − + 3,586± 79 965± 56 10,387± 127
+ + − 3,391± 78 1,037± 57 10,390± 127
+ −− 3,225± 76 963± 55 9,832± 124
− + + 3,616± 80 1,003± 57 10,508± 128
−− + 3,370± 77 801± 54 9,987± 125
− + − 3,353± 77 831± 55 10,215± 125
−−− 3,532± 79 1,116± 59 10,701± 129

background events from the fit. The widths and positions
of the (µDs) and (µD) peaks, the relative fractions of the
two Gaussians describing the (µDs) peak, as well as the
background slope were fixed to the values obtained from
the fit to the total M(φπ) distribution. The numbers
of (µDs) and (µD) events, nβγ

q (Ds) and nβγ
q (D), along

with the number of the background events in the fitting
range 1.75− 2.30 GeV/c2, nβγ

q (bkg), for each subsample
is given in Table I.

The fitted numbers of (µDs) [(µD), background]
events were used to disentangle the physics asymme-
tries and the detector effects. The nβγ

q can be expressed
through the physics and the detector asymmetries as fol-
lows [6]:

nβγ
q =

1

4
Nεβ(1 + qA)(1 + qγAfb)(1 + γAdet)

× (1 + qβγAro)(1 + qβAqβ)(1 + βγAβγ). (3)

Here N is the total number of (µDs) [(µD), background]
events; εβ is the fraction of integrated luminosity with
toroid polarity β (ε++ε− = 1); A is the integrated charge
asymmetry to be measured; Afb is the forward-backward
asymmetry; Adet is the detector asymmetry for particles
emitted in the forward and backward direction; Aro is
the range-out asymmetry that accounts for the change
in acceptance of muons which bend towards the beam
line and those which bend away from the beam line; Aqβ

is the detector asymmetry which accounts for the change
in the muon reconstruction efficiency when the toroid
polarity is reversed; Aβγ accounts for any detector re-
lated forward-backward asymmetries that remain after
the toroid polarity flip.

Since the system (3) contains eight equations, all six
asymmetries together with N and ε+ can be extracted
for each of the three types of the events. Results are pre-
sented in Table II separately for (µDs) and (µD) events
and the background. The physics asymmetries A and Afb

for background events are consistent with zero. This is
an important test for this method, since the precision of
the asymmetry measurement for the background events
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cc̄(bb̄) → µDsνX with the Ds originating from a b or
c quark, and the muon arising from another quark. The
invariant mass distribution M(φπ) for the selected events
is shown in Fig. 1. The low and high peaks correspond re-
spectively to (µD),mostly due to B0, and (µDs), mostly
due to B0

s . The curve represents a fit to the M(φπ)
spectrum. A single Gaussian was sufficient to describe
the D → φπ decay, a double Gaussian to describe the
Ds → φπ decay, and the background was modeled by an
exponential. The total number of events passing all cuts
in the Ds mass peak is 27,300± 300 (stat).

To measure As,unt
SL , both physics and detector effects

contributing to the possible imbalance of events with pos-
itively and negatively charged muons must be taken into
account. One physics source of asymmetry is CP vio-
lation in semileptonic B decays. In addition, forward-
backward charge asymmetry of events produced in the
proton-antiproton collisions can also be present. Detec-
tor effects can give rise to an artificial asymmetry if, e.g.,
the reconstruction efficiencies of positively and negatively
charged particles are different. However, a positively
charged particle produces the same track as a negatively
charged particle in the detector with reversed magnet
polarity. Therefore, almost all detector effects can be
canceled provided the fractions of events with opposite
magnet polarities are approximately the same. This is
the case in this analysis, where the exposures are the
same within 1%.

According to the method described in Ref. [6], the
event sample was divided into eight subsamples corre-
sponding to all possible combinations of the toroid polar-
ity β = ±1, the sign of the pseudorapidity of the (µφπ)
system [13] γ = ±1, and the sign of the muon charge
q = ±1. The number of (µDs) events in each subsample
was obtained by a fit to the mass distribution M(φπ) us-
ing the same function as for the whole sample. For the
cross-check we also extracted the numbers of (µD) and

TABLE I: The numbers of events nβγ
q (Ds) [nβγ

q (D)] in the
Ds [D] mass peak and in the background nβγ

q (bkg) for eight
subsamples.

Subsample: nβγ
q (Ds) nβγ

q (D) nβγ
q (bkg)

βγq (events) (events) (events)
+ + + 3,216± 76 907± 55 9,797± 124
+ − + 3,586± 79 965± 56 10,387± 127
+ + − 3,391± 78 1,037± 57 10,390± 127
+ −− 3,225± 76 963± 55 9,832± 124
− + + 3,616± 80 1,003± 57 10,508± 128
−− + 3,370± 77 801± 54 9,987± 125
− + − 3,353± 77 831± 55 10,215± 125
−−− 3,532± 79 1,116± 59 10,701± 129

background events from the fit. The widths and positions
of the (µDs) and (µD) peaks, the relative fractions of the
two Gaussians describing the (µDs) peak, as well as the
background slope were fixed to the values obtained from
the fit to the total M(φπ) distribution. The numbers
of (µDs) and (µD) events, nβγ

q (Ds) and nβγ
q (D), along

with the number of the background events in the fitting
range 1.75− 2.30 GeV/c2, nβγ

q (bkg), for each subsample
is given in Table I.

The fitted numbers of (µDs) [(µD), background]
events were used to disentangle the physics asymme-
tries and the detector effects. The nβγ

q can be expressed
through the physics and the detector asymmetries as fol-
lows [6]:

nβγ
q =

1

4
Nεβ(1 + qA)(1 + qγAfb)(1 + γAdet)

× (1 + qβγAro)(1 + qβAqβ)(1 + βγAβγ). (3)

Here N is the total number of (µDs) [(µD), background]
events; εβ is the fraction of integrated luminosity with
toroid polarity β (ε++ε− = 1); A is the integrated charge
asymmetry to be measured; Afb is the forward-backward
asymmetry; Adet is the detector asymmetry for particles
emitted in the forward and backward direction; Aro is
the range-out asymmetry that accounts for the change
in acceptance of muons which bend towards the beam
line and those which bend away from the beam line; Aqβ

is the detector asymmetry which accounts for the change
in the muon reconstruction efficiency when the toroid
polarity is reversed; Aβγ accounts for any detector re-
lated forward-backward asymmetries that remain after
the toroid polarity flip.

Since the system (3) contains eight equations, all six
asymmetries together with N and ε+ can be extracted
for each of the three types of the events. Results are pre-
sented in Table II separately for (µDs) and (µD) events
and the background. The physics asymmetries A and Afb

for background events are consistent with zero. This is
an important test for this method, since the precision of
the asymmetry measurement for the background events
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10measured to be consistent with zero

1 2 3

q(+,−) ⊗ β(+,−1) ⊗ γ(+,−) : 8

nr of muons/kaons



1 Motivation

Positive and negative kaons have different inelastic cross-section with the
detector material: σ(K−dinelastic) > σ(K+dinelastic) [1]. This difference is
due to existence of Y hyperons: reactions K−N → Y π have no K+N analog.
Therefore the average path of K+-s in the detector is longer then that of
K−-s, which results in higher reconstruction efficiency of K+-s and a visible
positive asymmetry

AK =
N(K+) − N(K−)
N(K+) + N(K−)

> 0. (1)

This asymmetry adds to any charge asymmetry due to the Standard
Model or possible Beyond the Standard Model effects, which have a single
kaon in the final state, e.g. B+ → J/ψK+, B0 → D∗µν, D∗ → D0 → Kπ.
Disentangling this asymmetry is therefore an important task for all CP
violation studies.

2 Event selection

We measured the kaon symmetry in the process where the physics asym-
metry is expected to be zero: we compared the rate of c → s quark decay
in

c → D∗+ → D0π+,D0 → µ+K−, (2)

and the conjugate process.
The events were selected from 1.3 fb−1 sample collected by the D0 ex-

periment at Run II of the Fermilab Tevatron collider. Muons were required
to have the transverse momentum pT > 2 GeV/c, to have signals in both
SMT and CFT, and to have measurements in at least two layers of muon
system.

The D0 candidate was reconstructed from the muon track by adding
another track, which was assigned a kaon mass. The invariant mass of the
two tracks was required to be in the window: 1.0 < m(µK) < 2.2. The
D∗ candidate was reconstructed by adding the third track associated with
the same primary vertex as the muon. It was assigned a pion mass, the
invariant mass of the µKπ system was computed and the mass difference
∆m = m(µKπ) − m(µK) was required to be ∆m < 0.22 GeV/c2.

The three tracks were required to have signals in both SMT and CFT
and to form a common vertex using an algorithm described in detail in [2].
To reduce the combinatorial background from b-decays the pion track was
required to fit to the primary vertex with at least 3σ significance. The D0

track was required to fit to the primary vertex with a smaller significance of

2

Measured on large sample
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Figure 4: The ∆m for the signal subsample, fsig(∆m), and for the back-
ground subsample, fbkg(∆m). The m(µK) range is narrowed to 1.2 <
m(µK) < 1.9 GeV/c2.

e.g. 1.4 < m(µK) < 1.5 GeV/c2 bin, 0.17 ! ∆m ! 0.19 GeV/c2) is
accounted for in the systematic uncertainty from the fit of the plato, see
section 6.

Taking into account the above investigation the number of signal events,
S, was redefined as the sum over the m(µK) bins:

S =
∑

m(µK) bins

opt. upper limit∑

∆m=0.14

{fsig(∆m) − p0 · fbkg(∆m)}. (10)

The number of events in the combinatorial background under the D∗

peak, B, was defined as

B =
∑

m(µK) bins

opt. upper limit∑

∆m=0.14

p0 · fbkg(∆m). (11)

4 Analysis method

The kaon asymmetry is measured as a charge asymmetry A of the associ-
ated muon in the D∗ event. It should be negative due to the requirement
qµ · qK < 0, since the kaon asymmetry (1) is positive.

7

K+ has longer inelastic 
interaction length than K-

Kaons 

11

The combinatorial 
background is sideband-
subtracted from D* signal

Other sources of charge asymmetry

AK = 0.01262± 0.00171(stat) ± 0.00023(syst)

1, 670, 200± 2, 000 D∗
events

∆m = m(µKπ) − m(µK)



Using world average

From B-factories: 

Dominated by uncertainty on                             AK
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0
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A
d
SL = +0.0011± 0.0055

A
s
SL = −0.0147± 0.00113(stat + syst)

Ad
SL +

fsχs0

fdχd0

As
SL = −0.0092± 0.0044(stat) ± 0.00032(syst)
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We have performed the first direct measurement of the time integrated flavor untagged charge
asymmetry in semileptonic B0

s decays, As,unt
SL , by comparing the decay rate of B0

s → µ+D−

s νX,
where D−

s → φπ− and φ → K+K−, with the charge-conjugate B0
s decay rate. This sample was

selected from 1.3 fb−1 of data collected by the D0 experiment in Run II of the Fermilab Tevatron
collider. We obtain As,unt

SL = [1.23 ± 0.97 (stat) ± 0.17 (syst)] × 10−2. Assuming that ∆ms/Γ̄s # 1,

13

     The two measurements are nearly independent

A(µDs) = +0.0102± 0.0081(stat)

2

CP violation in     mixingB
0

s

As
SL = 2f × Aµ,untagged

SL = +0.0245± 0.0193(stat) ± 0.0035(syst)

Correcting for   sample composition
Dominated by uncertainties from 
sample composition and mass fit                              



     Combined constraints on     at D0 φs

     
from fit to time-
dependent angular 
distribution in
                  

B0

s
→ J/ψφ

φs = −0.70
+0.47
−0.39

∆Γs = 0.13 ± 0.09 ps−1

█
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1 2

CP violation in     mixingB
0

s

     
constrained with l.t. 
and semileptonic 
charge asymmetries

★

SM : φs = (4.2 ± 1.4) × 10−3

SM : ∆Γs = 0.088 ± 0.017

A
s
SL = 0.0001± 0.0090(stat + sys)

(still 4-fold ambig.)

CDF

∆Γs · tan φs = As
SL · ∆Ms



ACP = +0.0067± 0.0060(stat) ± 0.0026(syst)

     

DØnote 5405

Measurement of direct CP violation in B+ → J/ψK+ decay.

G. Borissov, K. Holubyev, M. Williams
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Most precise measurement

A(J/ψK) = −0.0072± 0.0073(stat)

Contains    AK(J/ψK) = 0.0139± 0.0013(stat)
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3

Direct CPV in                                   b → cc̄s

Previous measurements
(+)0.030 ± 0.014 ± 0.010(BaBar)
−0.026± 0.022± 0.017(Belle)

0.018 ± 0.043± 0.004(CLEO)
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For the first time       is  constrained 
through measuring

φs

A
s
SL

                         measurement is most 
precise to date
ACP (J/ψK)

The measurements are consistent with SM 
predictions
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TABLE IV: Processes contributing to dimuon events. Each row includes processes related by CP conjugation and B ↔ B̄
mixing. The weights are normalized to direct-direct bb̄ decay P1 ≡ 1. ξ ≡ 2χ0 (1 − χ0). χ = fdχd + fsχs is the probability
that b quarks decay as b̄. χ̄ = fdχ̄d + fsχs is the probability that b̄ anti-quarks decay as b. The fraction of prompt muons from
b decay is ρ′ ≡ 0.6 ± 0.15 [8]. ρ ≡ 1

2
ρ′(χ − χ̄). a = 0.026 ± 0.005 is the charge asymmetry of K± decay, see the text. CPT

symmetry is assumed. For example, the number of direct-direct decays bb̄ → µ+µ+X is ∝ P1χ(1 − χ0).

process weight N++ N−− N+−

b → µ−, b̄ → µ+ P1 ≡ 1 χ(1 − χ0) (1 − χ0)χ̄ 1 − ξ
b → µ−, b̄ → c̄ → µ− P2

1

2
(1 − ξ) 1

2
(1 − ξ) ξ

b → c → µ+, b̄ → c̄ → µ− P3 (1 − χ0)χ̄ χ(1 − χ0) 1 − ξ
b → µ−c → µ+ P4 0 0 1
c → µ+, c̄ → µ− P5 0 0 1

Drell-Yan, J/ψ, Υ P6 0 0 1
dimuon cosmic rays P7 ≈ 0.14 ≈ 0.14 ≈ 0.72

µ + K± decay P8 0.25 · (1 + a + ρ) 0.25 · (1 − a − ρ) 0.5
µ + cosmic P9 ≈ 0.25 · (1 + ρ) ≈ 0.25 · (1 − ρ) ≈ 0.5

µ + punch-through P10 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5
µ + combinatoric P11 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5

other P12 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5
dimuon w. wrong sign P13 0.39 0.39 0.22

TABLE V: Weights of dimuon processes for standard cuts
(obtained as described in the text). Note that 64% of dimuons
are from direct-direct bb̄ decay.

P1 ≡ 1
P2 0.116 ± 0.055
P3 0.003 ± 0.003
P4 0.093 ± 0.049
P5 0.070 ± 0.042
P6 0.023 ± 0.023
P7 0.003 ± 0.003
P8 0.078 ± 0.023
P9 0.0001 ± 0.0001
P10 0.001 ± 0.001
P11 0.0002 ± 0.0002
P12 0.163 ± 0.066
P13 0.0005 ± 0.0005

for correlations. We compare two histograms: one is pT

of pions from K0
S ’s decaying in the scaled-down volume,

and the other histogram is pT of the second (in order
of decreasing pT ) muon passing cuts. By this indirect
method we obtain P8 ≈ 0.041±0.010(stat)±0.041(syst).

Within errors, the two measurements of P8 agree and
we use the result from the first method.

The systematic uncertainty of P8, ±0.019, was taken
as half the difference of 0.078 and 0.041. This value is
reasonable in view of the variation of the measured P8

with different cuts and data sub-sets.

From Monte Carlo simulations we obtain P8 = 0.047±
0.034 (stat), consistent with the above.

VII. SYSTEMATIC UNCERTAINTIES OF A

We add in quadrature the following systematic uncer-
tainties. A summary is presented in Table VI.

Detector effects. Before averaging over magnetic field
polarities, the detector introduces a dimuon charge asym-
metry of ≈ 0.006 in absolute value, as discussed in
Section IV. After averaging over magnetic field polari-
ties (with appropriate weights), the uncertainty of the
dimuon charge asymmetry due to detector geometry ef-
fects is |Afb · Adet| (see Eq. (4)). As a measure of this
uncertainty, we have used the largest deviation from zero,
|Afb ·Adet| = 0.0049 ·0.030 = 0.00015, obtained after any
of the 54 sets of dimuon cuts, for any of the three detector
regions (central, forward, or all).

Inaccuracy of e ≡ ε+/ε−. We have obtained the ratio
e by counting dimuon events with toroid polarity β = 1
and dividing by the corresponding number for β = −1.
This procedure introduces no bias since we count all
dimuons regardless of the charges of each muon. We take
∆e = 0.03 from the largest difference between any cuts.
Multiplying by the detector dimuon charge asymmetry
before averaging over magnet polarities, ≈ 0.006 in ab-
solute value, we obtain ∆A ≈ 0.00018.

Prompt µ + K± decay. The single muon charge asym-
metry of kaon decay is a = 0.026± 0.005 as explained in
Section VI. We take P8 = 0.078 ± 0.023 from Table V.
The corresponding correction to A, explained in Section
V, is δA = −0.5aP8/Aden = −0.5 × (0.026 ± 0.005) ×
(0.078 ± 0.023)/Aden = −0.0023± 0.0008 (Aden ≈ 0.436
is the denominator of Eq. (8)). This uncertainty on δA
is by far the dominating systematic uncertainty of the
entire measurement.

Dimuon cosmic rays. These are cosmic rays detected
twice, once as they enter and once as they exit the D0 de-
tector. We take P7 < 0.007 from Table V. From cuts that
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that b quarks decay as b̄. χ̄ = fdχ̄d + fsχs is the probability that b̄ anti-quarks decay as b. The fraction of prompt muons from
b decay is ρ′ ≡ 0.6 ± 0.15 [8]. ρ ≡ 1

2
ρ′(χ − χ̄). a = 0.026 ± 0.005 is the charge asymmetry of K± decay, see the text. CPT

symmetry is assumed. For example, the number of direct-direct decays bb̄ → µ+µ+X is ∝ P1χ(1 − χ0).

process weight N++ N−− N+−

b → µ−, b̄ → µ+ P1 ≡ 1 χ(1 − χ0) (1 − χ0)χ̄ 1 − ξ
b → µ−, b̄ → c̄ → µ− P2

1

2
(1 − ξ) 1

2
(1 − ξ) ξ

b → c → µ+, b̄ → c̄ → µ− P3 (1 − χ0)χ̄ χ(1 − χ0) 1 − ξ
b → µ−c → µ+ P4 0 0 1
c → µ+, c̄ → µ− P5 0 0 1

Drell-Yan, J/ψ, Υ P6 0 0 1
dimuon cosmic rays P7 ≈ 0.14 ≈ 0.14 ≈ 0.72

µ + K± decay P8 0.25 · (1 + a + ρ) 0.25 · (1 − a − ρ) 0.5
µ + cosmic P9 ≈ 0.25 · (1 + ρ) ≈ 0.25 · (1 − ρ) ≈ 0.5

µ + punch-through P10 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5
µ + combinatoric P11 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5

other P12 0.25 · (1 + ρ) 0.25 · (1 − ρ) 0.5
dimuon w. wrong sign P13 0.39 0.39 0.22

TABLE V: Weights of dimuon processes for standard cuts
(obtained as described in the text). Note that 64% of dimuons
are from direct-direct bb̄ decay.

P1 ≡ 1
P2 0.116 ± 0.055
P3 0.003 ± 0.003
P4 0.093 ± 0.049
P5 0.070 ± 0.042
P6 0.023 ± 0.023
P7 0.003 ± 0.003
P8 0.078 ± 0.023
P9 0.0001 ± 0.0001
P10 0.001 ± 0.001
P11 0.0002 ± 0.0002
P12 0.163 ± 0.066
P13 0.0005 ± 0.0005

for correlations. We compare two histograms: one is pT

of pions from K0
S ’s decaying in the scaled-down volume,

and the other histogram is pT of the second (in order
of decreasing pT ) muon passing cuts. By this indirect
method we obtain P8 ≈ 0.041±0.010(stat)±0.041(syst).

Within errors, the two measurements of P8 agree and
we use the result from the first method.

The systematic uncertainty of P8, ±0.019, was taken
as half the difference of 0.078 and 0.041. This value is
reasonable in view of the variation of the measured P8

with different cuts and data sub-sets.

From Monte Carlo simulations we obtain P8 = 0.047±
0.034 (stat), consistent with the above.

VII. SYSTEMATIC UNCERTAINTIES OF A

We add in quadrature the following systematic uncer-
tainties. A summary is presented in Table VI.

Detector effects. Before averaging over magnetic field
polarities, the detector introduces a dimuon charge asym-
metry of ≈ 0.006 in absolute value, as discussed in
Section IV. After averaging over magnetic field polari-
ties (with appropriate weights), the uncertainty of the
dimuon charge asymmetry due to detector geometry ef-
fects is |Afb · Adet| (see Eq. (4)). As a measure of this
uncertainty, we have used the largest deviation from zero,
|Afb ·Adet| = 0.0049 ·0.030 = 0.00015, obtained after any
of the 54 sets of dimuon cuts, for any of the three detector
regions (central, forward, or all).

Inaccuracy of e ≡ ε+/ε−. We have obtained the ratio
e by counting dimuon events with toroid polarity β = 1
and dividing by the corresponding number for β = −1.
This procedure introduces no bias since we count all
dimuons regardless of the charges of each muon. We take
∆e = 0.03 from the largest difference between any cuts.
Multiplying by the detector dimuon charge asymmetry
before averaging over magnet polarities, ≈ 0.006 in ab-
solute value, we obtain ∆A ≈ 0.00018.

Prompt µ + K± decay. The single muon charge asym-
metry of kaon decay is a = 0.026± 0.005 as explained in
Section VI. We take P8 = 0.078 ± 0.023 from Table V.
The corresponding correction to A, explained in Section
V, is δA = −0.5aP8/Aden = −0.5 × (0.026 ± 0.005) ×
(0.078 ± 0.023)/Aden = −0.0023± 0.0008 (Aden ≈ 0.436
is the denominator of Eq. (8)). This uncertainty on δA
is by far the dominating systematic uncertainty of the
entire measurement.

Dimuon cosmic rays. These are cosmic rays detected
twice, once as they enter and once as they exit the D0 de-
tector. We take P7 < 0.007 from Table V. From cuts that
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A.C.S. Assis Jesus,3 O. Atramentov,49 C. Autermann,20 C. Avila,7 C. Ay,23 F. Badaud,12 A. Baden,61 L. Bagby,52

B. Baldin,50 D.V. Bandurin,59 P. Banerjee,28 S. Banerjee,28 E. Barberis,63 P. Bargassa,80 P. Baringer,58

C. Barnes,43 J. Barreto,2 J.F. Bartlett,50 U. Bassler,16 D. Bauer,43 S. Beale,5 A. Bean,58 M. Begalli,3 M. Begel,71

C. Belanger-Champagne,5 L. Bellantoni,50 A. Bellavance,67 J.A. Benitez,65 S.B. Beri,26 G. Bernardi,16

R. Bernhard,41 L. Berntzon,14 I. Bertram,42 M. Besançon,17 R. Beuselinck,43 V.A. Bezzubov,38 P.C. Bhat,50
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Central tracking:
• Silicon (innermost) + fiber 
tracker in 2T solenoid, |η|<3
• High efficiency (~95% in 
the central region) and 
resolution:

Muon system: 
• 1.8 T toroid for local muon 
tracking, |η|<2
• cosmic ray rejection
• low punch-through

002.0/)( 2 ≈
TT ppσ
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Muon selection

• Hits in all 3 layers of muon chambers;
• Associated central track;
• Good quality of track;
• PT > 4.2 GeV or |PZ|>6.4 GeV;
• 3.0 < PT < 15 GeV;
• Impact parameter to primary interaction: < 0.3 cm;
• at least one scintillator hit with |Δt|<5 ns;

Cuts on di-muons
• ΔP > 0.2 GeV
• 10° < Opening angle < 170°
• Δz < 2 cm
• Distance between hits in muon chamber Δr > 5 cm;
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Systematics in 

● from J/ψKX: repeat the analysis with fraction of J/ψKX fixed to 0
● from A(J/ψπ), A(J/ψKX):
  repeat the analysis with A(J/ψπ), A(J/ψKX) artificially suppressed by   
  fixing the ratios 

R = (J/ψπ fraction)/(BKG fraction), (J/ψKX fraction)/(BKG fraction) 
  in every subsample to the value determined from “all” fit.

suppressedthis deviates maximally from the nominal 
A= – 0.0072
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Kaon asymmetry

detector

Technical complication: µµ and J/ψK samples are affected by:

• for µµ : Estimated from distance to calorimeter and K−d, K+d cross-sections

• for J/ψK : Measured directly by comparing:

vs

no physics asymmetry, 

For pK=10 GeV: σ(K−d)=38mb, σ(K+d)=28 mb
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Details: Kaon asymmetry

in different bins:

- wrong charge corr., backgroundor

- right charge corr., D* peakor
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max

SIG

SIDE

Details: Kaon asymmetry
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Details: Kaon asymmetry

To get Kaon asymmetry in J/ψK sample:

unknown reco efficiency of some 
D* decay modes

• AK(pK) was measured (detector characteristics)
• … and convoluted with pdf of pK in J/ψK  sample to give
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In any case (                                     )  we want:

apparent A

Detector introduces apparent 
charge asymmetries. Example (for 
muons): range out in the toroid:

But:

Polarity reversal

Toroid+ Toroid+

Toroid− Toroid−

Polarity reversal: reducing detector systematics

7

- linear

- includes higher 
  order effects

Polarity reversal significantly reduces systematics from detector asymmetries
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Detector effects

To account for detector-induced asymmetries to all orders – generalize 
to detector model

• charge - the one we are after
• forward-backward
• North-South
• range out
• the remaining two complete the system

- total number of events in the sample, and
- fraction of events with toroid/solenoid polarity 

If

then #events with specific: 
• toroid/solenoid polarity 

• sign of particle  
  pseudorapidity 
• particle charge 

depends on asymmetries:

To consistently account for correlations and errors:

• Divide sample into 8 subsamples according to the signs of  
by whatever method• In each subsample extract 

• Solve 8 simultaneous equations for and asymmetries, ,

, ,
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: 8 subsamples

3,216±76 3,391±78 3,586±79 3,225±76

3,532±793,370±773,353±773,616±80
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3,376±57 3,343±57 3,399±57 3,369±57

3,546±59 3,467±58 3,626±59 3,565±59

: 8 subsamples

D0 Preliminary, 1.6 fb-1
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If n1 and n2 independent:

we neglect

Therefore for any asymmetry:

If AK:

therefore

Some math


