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A search for the time integrated CP violation in the D0 → h−h+

(h = K,π) decays is presented using 0.62 fb−1 of data collected by the
LHCb experiment in 2011. The flavour of the charm meson is determined
by the charge of the slow pion in the D∗+ → D0π+ and the D∗− → D̄0π−
decays chain. The difference in CP asymmetry between the D0 → K−K+

and the D0 → π−π+, ∆ACP ≡ ACP(K−K+)−ACP(π−π+), is measured to
be [−0.82±0.21(stat)±0.11(syst)]%. This differs from the hypothesis of CP
conservation by 3.5 standard deviations. An additional search for the time
integrated CP violation in the Cabibbo suppressed decay D+ → K−K+π+

is also presented. Here no evidence for CP asymmetry is found using a
model independent method. The data used here was collected by the LHCb
experiment in 2010 and corresponds to an integrated luminosity of 35 pb−1.
The normalized Dalitz plot distributions for the D+ and the D− are com-
pared using two different binning schemes that are sensitive to different
manifestations of CP violation.
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1. Introduction

To date CP violation (CPV) has been observed only in decays of neutral
K and B mesons. All observations are consistent with CP violation being
generated by the phase in the Cabibbo–Kobayashi–Maskawa (CKM) matrix
of the Standard Model (SM). The charm sector is a promising place to probe
for the effects of physics beyond the SM. There has been a resurgence of
interest in the past few years since evidence for the D0 mixing was first seen

∗ Presented at the Cracow Epiphany Conference on Present and Future of B Physics,
Cracow, Poland, January 9–11, 2012.

(1643)



1644 A. Ukleja

[1,2,3]. No evidence for CPV in charm decays has yet been found. LHCb [4]
is a precision heavy flavour experiment which exploits the abundance of the
charm particles produced in LHC collisions to acquire large samples of the
D decays.

Methods of CPV measurements can be grouped into two types, as the
time dependent and the time integrated measurements. The time depen-
dent measurements provide information about CP violation in mixing and
in interference. Such measurements were done in LHCb and they are not
presented in this paper [5]. The time integrated measurements provide in-
formation about CPV in decays and in mixing. This contribution focuses on
the study of the time integrated CP asymmetry in the decays ofD0 → h−h+,
where h = K,π and the D+ → K−K+π+ recorded in LHCb detector. The
measurements are discussed in Secs. 2 and 3, respectively.

2. Evidence for CPV in D0 → h−h+ decays

In this section, a measurement of the difference in the time integrated CP
asymmetries between the D0 → K−K+ and the D0 → π−π+ is presented.
This measurement is performed with 0.62 fb−1 of data collected in LHCb
between March and June 2011.

The time integrated CP asymmetry has two contributions: an indirect
and a direct components. An indirect component is universal for CP eigen-
states in the SM and it is expected to be small. A direct component is
in general different for different final states. In the SM direct CPV in the
D0 → K−K+ and the D0 → π−π+ decays is expected to be 10−3 or less [6].
However, in the presence of the New Physics, the rate of CPV could be en-
hanced. Although values of 1% or more in these final states are now excluded
experimentally an observation of larger then expected asymmetry would be
a hint of the New Physics.

2.1. Formalism

The analysed D0 decays are reconstructed as a part of a D∗+ → D0π+

decay chain. To first order the raw time integrated asymmetry may be
written as a sum of various components, coming from both physics and
detector effects

ARAW(f) = ACP(f) +AD(f) +AD

(
π+

s

)
+AP

(
D∗+) .

Here ACP(f) is the intrinsic physics CP asymmetry, AD(f) is the asymmetry
for selecting the D0 decay into the final state f , AD(π+

s ) is the asymmetry
for selecting a slow pion from the D∗+ decay chain, and AP(D∗+) is the
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production asymmetry for the D∗+ mesons. All asymmetries ACP, AD and
AP are defined in the same fashion as ARAW, such that, for example

AP

(
D0
)

=
NP

(
D0
)−NP

(
D̄0
)

NP (D0) +NP

(
D̄0
) ,

where NP (D0/D̄0) is the number of observed D0/D̄0 decays.
For a two body decays of D0 → K−K+ and D0 → π−π+ , the final

states are symmetric and there can be no D0 detection asymmetries, i.e.
AD(K−K+) = AD(π−π+) = 0. The asymmetries AD(π+

s ) and AP(D∗+)
are independent of f and thus in the first order those terms cancel in the
difference ARAW(K−K+) − ARAW(π−π+), leaving a quantity, defined as
∆ACP, which equals to the difference in physics CP asymmetries

∆ACP =ARAW

(
K−K+

)−ARAW

(
π−π+

)
=ACP

(
K−K+

)−ACP

(
π−π+

)
.

The quantity ∆ACP allows to minimize second order effects that are
related to the slightly different kinematic properties of the two decay modes
and that do not cancel in subtraction. To check that there are no second
order effects, the analysis is performed in bins of the relevant kinematic
variables.

2.2. Data set and selection

The flavour of the initial state (the D0 and the D̄0) is tagged by requiring
a D∗+ → D0π+

s decay, with the flavour determined by the charge of the
slow pion (π+

s ). So the selections are applied to provide samples of a D∗+ →
D0π+

s candidates with the D0 → K−K+ or the D0 → π−π+. The selections
impose a variety of requirements on kinematics and decay time to isolate
the decays of interest, including requirements on the track quality, on the
vertex fit quality, on the transverse momentum, on the angle between the D0

momentum in the lab frame and its daughters’ momenta in the rest frame.
The selection is described in details in [7].

The invariant mass spectra of selected K−K+ and π−π+ pairs are shown
in Fig. 1. The half width at half maximum of the signal line shape is
8.6 MeV/c2 for the K−K+ and 11.2 MeV/c2 for the π−π+. The mass differ-
ence spectra of selected candidates, δm ≡ m(h−h+π+

s )−m(h−h+)−m(π+)
for h = K,π, are shown in Fig. 2. The candidates are required to lie inside
a wide δm window of 0–15 MeV/c2 and a mass signal window of 1844–
1884 MeV/c2. The D∗+ signal yields are approximately 1.44 × 106 in the
K−K+ sample and 0.38× 106 in the π−π+ sample.
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FIG. 1. Fits to the m(K−K+) and m(π−π+) spectra of D∗+ candidates passing the selection

and satisfying 0 < δm < 15 MeV/c2. The vertical lines indicate the signal window of 1844–

1884 MeV/c2.
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FIG. 2. Fits to the mass difference spectra, where the D0 is reconstructed in the final states K−K+

(upper) and π−π+ (lower), with a D0 mass lying in the window of 1844–1884 MeV/c2.

The background-subtracted average decay time of D0 candidates passing the selection is279

measured for each final state, and the fractional difference Δ〈t〉/τ is obtained. System-280

atic uncertainties on this quantity are assigned for the world-average D0 lifetime (0.04%),281

charm from B-hadron decays (0.18%), and the background-subtraction procedure (0.04%).282

Combining these in quadrature, we obtain Δ〈t〉/τ = [9.83 ± 0.22(stat.) ± 0.19(syst.)] %.283

Fits are performed on the samples in order to determine Araw(K−K+) and Araw(π−π+).284

The analysis is performed in 54 kinematic bins, divided by pT and pseudorapidity (η) of285
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Fig. 1. Fits to the m(K−K+) (left) and the m(π−π+) (right) spectra of D∗+

candidates passing the selection and satisfying 0 < δm < 15 MeV/c2, where δm ≡
m(h−h+π+

s )−m(h−h+)−m(π+) for h = K,π. The dashed line corresponds to the
background component in the fit and the vertical lines indicate the signal window
of 1844–1884 MeV/c2.
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Fig. 2. Fits to the mass difference spectra, δm ≡ m(h−h+π+
s )−m(h−h+)−m(π+)

for h = K,π, where the D0 is reconstructed in the final states K−K+ (left) and
π−π+ (right), with a D0 mass lying in the window 1844–1884 MeV/c2.

2.3. Results and systematic uncertainties

The value of ∆ACP is determined using the results for ARAW(K−K+)
and ARAW(π−π+), which are taken from the fits to the mass difference spec-
tra of selected K−K+ and π−π+ pairs. The production and the detection
asymmetries can vary with pT and pseudorapidity, η, and so can the detec-
tion efficiency of the two different D0 decays. For this reason the analysis
is performed in 54 kinematic bins, divided by the pT and the η of the D∗+
candidates, the momentum of the slow pion, and whether the initial tra-
jectory of the slow pion is in the left or right direction. Further the events
are separately processed for the two dipole magnet polarities and for 60%
of data from the remainder with the division aligned with a break in data
taking due to an LHC technical stop. In total, there are 216 statistically in-
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dependent measurements for each decay mode. In each bin, one dimensional
unbinned maximum likelihood fits to the δm spectra are performed. The
D∗+ and the D∗− samples in a given bin are fitted simultaneously and share
all shape parameters. The raw asymmetry in the signal yield is extracted
directly from this simultaneous fit. No fit parameters are shared between
the 216 subsamples of data, nor between a K−K+ and a π−π+ final states.
A value of ∆ACP is determined in each measured bin as the difference be-
tween ARAW(K−K+) and ARAW(π−π+). The value of ∆ACP is found to
be consistent in all bins and in all cases good stability is observed. No
systematic dependence of ∆ACP is observed with respect to the kinematic
variables. A weighted average is performed to yield the result

∆ACP = [−0.82± 0.21(stat)± 0.11(syst)]% .

Systematic uncertainties are assigned by loosening the selection criteria,
repeating the analysis with the asymmetry extracted through the sideband
subtraction in a δm instead of a fit, removing all candidates but one (chosen
at random) in events with multiple candidates and comparing with the result
obtained without kinematic binning.

Combining statistical and systematic uncertainties in quadrature, the
result is consistent at the 1σ level with the current HFAG world average [8].
Dividing the central value by the sum in quadrature of the statistical and
systematic uncertainties, the significance of the measured deviation from
zero is 3.5σ. This is the first evidence for CPV in the charm sector.

2.4. Result interpretation

The physics asymmetry of each final state, ACP(f), can be expressed
in terms of two contributions, a direct component associated with CPV
in the decay amplitudes and an indirect component associated with CPV
in the mixing or in the interference between mixing and decay. The time
integrated asymmetry measured by an experiment, ACP(f), depends upon
the time acceptance of its detector. It can be written to first order as [9]

ACP(f) = adir
CP(f) +

〈t〉
τ
aind

CP ,

where adir
CP(f) is direct CPV for the decay, 〈t〉 is average proper time in the

reconstructed sample, τ is a D0 lifetime, and aind
CP is an indirect CPV coming

from the mixing and/or the interference between mixing and decay.
Denoting by ∆ the difference between quantities for the D0 → K−K+

and the D0 → π−π+, it is then possible to write

∆ACP ≡ ACP

(
K−K+

)−ACP

(
π−π+

)
=
[
adir

CP

(
K−K+

)− adir
CP

(
π−π+

)]
+
∆〈t〉
τ

aind
CP ,
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where ∆〈t〉 is the difference in average proper time of the D0 mesons in
the K−K+ and the π−π+ samples. In the limit that ∆〈t〉 vanishes, ∆ACP

probes the difference in direct CPV between the two decays.
The background subtracted average decay time of D0 candidates passing

the selection is measured for each final state and the fractional difference
∆〈t〉/τ is obtained as ∆〈t〉/τ = [9.83±0.22(stat)±0.19(syst)]%. The π−π+

and the K−K+ average decay time is 〈t〉 = (0.8539± 0.0005) ps, where the
error is statistical only.

Given the dependence of ∆ACP on direct and indirect CP asymmetries,
the contribution from an indirect CPV is suppressed here in one order of
magnitude and ∆ACP is primarily sensitive to a direct CPV.

3. Search for CPV in D+ → K−K+π+ decays

In decays of hadrons, CPV can be observed when two different ampli-
tudes with non-zero relative weak and strong phases contribute coherently to
a final state. Three body decays are dominated by an intermediate resonant
states. The interference between resonances in the two dimensional phase
space can lead to observable asymmetries which vary across the Dalitz plot
for the Cabibbo suppressed decay D+ → K−K+π+ which is treated as a
signal decay because in these decays CPV is expected to be measured. In
contrast, such asymmetries are investigated in the two control channels, the
D+

s → K−K+π+ and the D+ → K−π+π+, where the differences between
the D+ and the D− caused by CPV are not expected.

Previously, CPV using the Dalitz plot asymmetries in three body charm
decays were investigated in BaBar [10], CLEO-c [11] and BELLE [12] ex-
periments. To date CPV has not been observed in these D meson decays.

3.1. Strategy of the analysis

A direct comparison between the D+ and the D− Dalitz plots is made
on a bin-by-bin basis. For each bin in Dalitz plot, a local CP asymmetry
variable is defined as [13]

Si
CP =

N i (D+)− αN i (D−)√
N i (D+) + α2N i (D−)

,

where N i(D+) and N i(D−) are the numbers of D+ and D− candidates in
the ith bin and α parameter is a ratio between the total reconstructed the
D+ and the D− candidates

α =
Ntot (D+)
Ntot (D−)

.

The α parameter accounts for global asymmetries which is a constant across
the Dalitz plot.



Charm Physics in the LHCb Experiment, First Evidence for CP Violation . . . 1649

In the absence of the Dalitz plot dependent asymmetries, the Si
CP values

are distributed according to a Gaussian distribution with zero mean and unit
with. The CPV signals are deviations from this behaviour. The numerical
comparison between the D+ and the D− is made with a χ2 test (χ2 =
Σ(Si

CP)2), where a p-value is calculated.
The method depends on the number of bins in the Dalitz plot. In our

search for localized asymmetries, two types of binning scheme are employed.
The first type is simply an uniform grid of equally sized bins. The second
type “adaptive binning” scheme uses smaller bins where the density of events
is high, aiming for a uniform bin population. In each scheme, the different
numbers of bins were taken into account.

3.2. Event selections

In this study, the data sample used is approximately 35 pb−1, collected
in 2010 using the LHCb detector. The event selection is based on many
cuts, as for example a cut on a relative log-likelihood for pion and kaon
hypothesis, a cut on a fit quality for each particle reconstructed in the final
state, a cut on a primary and a secondary vertex reconstruction and a cut
on a flight distance variable. The full description of the selection can be
found in [14].

The reconstructed invariant mass distributions of the K−π+π+ and the
K−K+π+ are shown in Fig. 3. From the simultaneous fit to the invariant
mass distributions of the D+ and the D−, the signal yields are extracted.
A double Gaussian fit is used for the K−K+π+ signal, whilst the back-
ground is described by a quadratic component and a single Gaussian for the
small contamination from the D∗+ → D0(K−K+)π+ above the D+

s peak.
A weighted mean of the widths of the two Gaussian contributions to the
mass peak is used to determine the overall widths, σ, as 6.35 MeV/c2 for the

6

)2 (MeV/c++-Km
1800 1850 1900

)2
E

ve
n

ts
 / 

( 
0.

28
 M

eV
/c

0

20000

40000
lower upper

+D

LHCb
(a)

)2 (MeV/c++K
-

Km
1800 1850 1900 1950 2000

)2
E

ve
n

ts
 / 

( 
0.

48
 M

eV
/c

0

5000

10000

15000

lower middle upper

+D +
sD

LHCb
(b)

FIG. 1. Fitted mass spectra of (a) K−π+π+ and (b) K−K+π+ candidates from samples 1 and 3, D+ and D− combined. The
signal mass windows and sidebands defined in the text are labelled.

)4/c2 (GeV2
+-Km

0.5 1 1.5 2

)4
/c2

 (
G

eV
2

+
K-

K
m

1

1.5

2

2.5

3

1

10

210

310LHCb

FIG. 2. Dalitz plot of the D+ → K−K+π+ decay for se-
lected candidates in the signal window. The vertical K∗(892)0

and horizontal φ(1020) contributions are clearly visible in the
data.

3. The yield in sample 2 is then inferred as the total
(S + B) in all allowed triggers in the mass window times
the purity in sample 3. Thus the overall yield of signal
D+ → K−K+π+ candidates in the three samples within
the mass window is approximately 370,000. The total
number of candidates (S + B) in each decay mode used
in the analysis are given in Table II. The Dalitz plot of
data in the D+ window is shown in Fig. 2.

Within the 2σ D+ → K−K+π+ mass window, about
8.6% of events are background. Apart from random
three-body track combinations, charm backgrounds and
two-body resonances plus one track are expected. Charm
reflections appear when a particle is wrongly identified in
a true charm three-body decay and/or a track in a four-
body charm decay is lost. The main three-body reflec-
tion in the K−K+π+ spectrum is the Cabibbo-favoured

TABLE I. Yield (S) and purity for samples 1 and 3 after
the final selection. The purity is estimated in the 2σ mass
window.

Decay Yield Purity
Sample 1+3 Sample 1 Sample 3

D+ → K−K+π+ (3.284 ± 0.006) × 105 88% 92%
D+

s → K−K+π+ (4.615 ± 0.012) × 105 89% 92%
D+ → K−π+π+ (3.3777 ± 0.0037) × 106 98% 98%

TABLE II. Number of candidates (S + B) in the signal win-
dows shown in Fig. 1 after the final selection, for use in the
subsequent analysis.

sample 1 sample 2 sample 3 Total
D+ → K−K+π+ 84,667 65,781 253,446 403,894
D+

s → K−K+π+ 126,206 91,664 346,068 563,938
D+ → K−π+π+ 858,356 687,197 2,294,315 3,839,868

D+ → K−π+π+, where the incorrect assignment of the
kaon mass to the pion leads to a distribution that par-
tially overlaps with the D+

s → K−K+π+ signal region,
but not with D+ → K−K+π+. The four body, Cabibbo-
favoured mode D0 → K−π+π−π+ where a π+ is lost
and the π− is misidentified as a K− will appear broadly
distributed in K−K+π+ mass, but its resonances could
create structures in the Dalitz plot. Similarly, K∗(892)0
and φ resonances from the PV misreconstructed with a
random track forming a three-body vertex will also ap-
pear.
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FIG. 1. Fitted mass spectra of (a) K−π+π+ and (b) K−K+π+ candidates from samples 1 and 3, D+ and D− combined. The
signal mass windows and sidebands defined in the text are labelled.
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FIG. 2. Dalitz plot of the D+ → K−K+π+ decay for se-
lected candidates in the signal window. The vertical K∗(892)0

and horizontal φ(1020) contributions are clearly visible in the
data.

3. The yield in sample 2 is then inferred as the total
(S + B) in all allowed triggers in the mass window times
the purity in sample 3. Thus the overall yield of signal
D+ → K−K+π+ candidates in the three samples within
the mass window is approximately 370,000. The total
number of candidates (S + B) in each decay mode used
in the analysis are given in Table II. The Dalitz plot of
data in the D+ window is shown in Fig. 2.

Within the 2σ D+ → K−K+π+ mass window, about
8.6% of events are background. Apart from random
three-body track combinations, charm backgrounds and
two-body resonances plus one track are expected. Charm
reflections appear when a particle is wrongly identified in
a true charm three-body decay and/or a track in a four-
body charm decay is lost. The main three-body reflec-
tion in the K−K+π+ spectrum is the Cabibbo-favoured

TABLE I. Yield (S) and purity for samples 1 and 3 after
the final selection. The purity is estimated in the 2σ mass
window.

Decay Yield Purity
Sample 1+3 Sample 1 Sample 3

D+ → K−K+π+ (3.284 ± 0.006) × 105 88% 92%
D+

s → K−K+π+ (4.615 ± 0.012) × 105 89% 92%
D+ → K−π+π+ (3.3777 ± 0.0037) × 106 98% 98%

TABLE II. Number of candidates (S + B) in the signal win-
dows shown in Fig. 1 after the final selection, for use in the
subsequent analysis.

sample 1 sample 2 sample 3 Total
D+ → K−K+π+ 84,667 65,781 253,446 403,894
D+

s → K−K+π+ 126,206 91,664 346,068 563,938
D+ → K−π+π+ 858,356 687,197 2,294,315 3,839,868

D+ → K−π+π+, where the incorrect assignment of the
kaon mass to the pion leads to a distribution that par-
tially overlaps with the D+

s → K−K+π+ signal region,
but not with D+ → K−K+π+. The four body, Cabibbo-
favoured mode D0 → K−π+π−π+ where a π+ is lost
and the π− is misidentified as a K− will appear broadly
distributed in K−K+π+ mass, but its resonances could
create structures in the Dalitz plot. Similarly, K∗(892)0
and φ resonances from the PV misreconstructed with a
random track forming a three-body vertex will also ap-
pear.

Fig. 3. Fitted mass spectra of (a) K−π+π+ and (b) K−K+π+ candidates. The
signal mass windows and sidebands defined in the text are labelled.
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D+ → K−K+π+, 7.05 MeV/c2 for the D+
s → K−K+π+ and 8.0 MeV/c2

for the D+ → K−π+π+. These values are used to define the signal mass
windows of approximately 2σ in which the Dalitz plots are constructed. The
total number of candidates (the signal and the background) in the signal win-
dows are 403 894 for the D+ → K−K+π+, 563 938 for the D+

s → K−K+π+

and 383 9868 for the D+ → K−π+π+. Within 2σ D+ → K−K+π+ mass
window from 1856.7 to 1882.1 MeV/c2, about 8.6% of events are the back-
ground and there are 200 336 and 203 558 the D+ and the D− candidates.
The purities vary from 90% to 98%. The Dalitz plot of data in the D+

window is shown in Fig. 4.
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FIG. 1. Fitted mass spectra of (a) K−π+π+ and (b) K−K+π+ candidates from samples 1 and 3, D+ and D− combined. The
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)4/c2 (GeV2
+-Km

0.5 1 1.5 2

)4
/c2

 (
G

eV
2

+
K-

K
m

1

1.5

2

2.5

3

1

10

210

310LHCb

FIG. 2. Dalitz plot of the D+ → K−K+π+ decay for se-
lected candidates in the signal window. The vertical K∗(892)0

and horizontal φ(1020) contributions are clearly visible in the
data.

3. The yield in sample 2 is then inferred as the total
(S + B) in all allowed triggers in the mass window times
the purity in sample 3. Thus the overall yield of signal
D+ → K−K+π+ candidates in the three samples within
the mass window is approximately 370,000. The total
number of candidates (S + B) in each decay mode used
in the analysis are given in Table II. The Dalitz plot of
data in the D+ window is shown in Fig. 2.

Within the 2σ D+ → K−K+π+ mass window, about
8.6% of events are background. Apart from random
three-body track combinations, charm backgrounds and
two-body resonances plus one track are expected. Charm
reflections appear when a particle is wrongly identified in
a true charm three-body decay and/or a track in a four-
body charm decay is lost. The main three-body reflec-
tion in the K−K+π+ spectrum is the Cabibbo-favoured

TABLE I. Yield (S) and purity for samples 1 and 3 after
the final selection. The purity is estimated in the 2σ mass
window.

Decay Yield Purity
Sample 1+3 Sample 1 Sample 3

D+ → K−K+π+ (3.284 ± 0.006) × 105 88% 92%
D+

s → K−K+π+ (4.615 ± 0.012) × 105 89% 92%
D+ → K−π+π+ (3.3777 ± 0.0037) × 106 98% 98%

TABLE II. Number of candidates (S + B) in the signal win-
dows shown in Fig. 1 after the final selection, for use in the
subsequent analysis.

sample 1 sample 2 sample 3 Total
D+ → K−K+π+ 84,667 65,781 253,446 403,894
D+

s → K−K+π+ 126,206 91,664 346,068 563,938
D+ → K−π+π+ 858,356 687,197 2,294,315 3,839,868

D+ → K−π+π+, where the incorrect assignment of the
kaon mass to the pion leads to a distribution that par-
tially overlaps with the D+

s → K−K+π+ signal region,
but not with D+ → K−K+π+. The four body, Cabibbo-
favoured mode D0 → K−π+π−π+ where a π+ is lost
and the π− is misidentified as a K− will appear broadly
distributed in K−K+π+ mass, but its resonances could
create structures in the Dalitz plot. Similarly, K∗(892)0
and φ resonances from the PV misreconstructed with a
random track forming a three-body vertex will also ap-
pear.

Fig. 4. Dalitz plot of the D+ → K−K+π+ decay for selected candidates in the
signal window. The vertical K̄∗(892)0 and horizontal φ(1020) contributions are
clearly visible in the data.

3.3. Results

It was checked that using the method in the control channels D+ →
K−π+π+ and D+

s → K−K+π+ and in the sidebands of the K−K+π+ mass
spectrum the local asymmetries are not visible [14]. Thus the method can be
used in the signal sample to search for localized asymmetries. The results for
the signal decays of the Si

CP distribution are shown in Fig. 5 for two binning
schemes: different size and different bin numbers, 25 bins (Adaptive I) and
106 bins (Adaptive II) and different number of equal size bins, 200 bins
(Uniform I) and 530 bins (Uniform II). For each of these binning choices,
the significance Si

CP of the differences in the D+ and the D− population
is computed for each bin i. The χ2/ndf = Σ(Si

CP)2/ndf is calculated and
the p-value is obtained. The distributions of Si

CP are fitted to the Gaussian
functions. The results are presented in Table I. The calculated p-values are
above 10% and the fits are consistent with the Gaussian distributions, with
the means and widths consistent with 0 and 1, respectively. The p-values
and the fits obtained here indicate that there is no evidence for CPV in
analysed sample of the D+ → K−K+π+.
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FIG. 8. Distribution of Si
CP fitted to Gaussian functions, for (a) “Adaptive I”, (b) “Adaptive II”, (c) “Uniform I” and (d)

“Uniform II”. The fit results are given in Table IX.
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TABLE I

Fitted means and widths, χ2/ndf and p-values for consistency with no CPV
for the D+ → K−K+π+ decay mode with four different binnings.

Binning Fitted mean Fitted width χ2/ndf p-value (%)

Adaptive I 0.01± 0.23 1.13± 0.16 32.0/24 12.7
Adaptive II −0.024± 0.010 1.078± 0.074 123.4/105 10.6
Uniform I −0.043± 0.073 0.929± 0.051 191.3/198 82.1
Uniform II −0.039± 0.045 1.011± 0.034 519.5/529 60.5

4. Conclusion

LHCb has measured the time integrated difference in CP asymmetry
between the D0 → K−K+ and the D0 → π−π+ decays

∆ACP =
[
adir

CP

(
K−K+

)− adir
CP

(
π−π+

)]
+ 0.10aind

CP ,
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to be
∆ACP = [−0.82± 0.21(stat)± 0.11(syst)] % .

The measured ∆ACP is mainly sensitive to the presence of a direct CPV and
highly suppresses systematic uncertainties from the instrumental asymme-
tries. The measurement was performed with 0.62 fb−1 of data collected in
LHCb between March and June 2011. Dividing the central value by the sum
in quadrature of the statistical and systematic uncertainties, the significance
of the measured deviation from zero is 3.5σ. This is the first evidence for
CPV in the charm sector.

Using a model independent search for a direct CPV in the Cabibbo
suppressed decay D+ → K−K+π+ with 35 pb−1 of data no evidence for
CPV is found.
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