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Introduction 2 

»  The CKM angle γ can be measured by studying B±→DK± decays 

»  Two prior LHCb analyses have used this method for γ measurement: 
»  B±→[hh]DK± in Phys Lett B 712 (2012) 203 
»  B±→[K∓π±π+π-]DK± in Phys Lett B 723 (2013) 44    

»  Suppressed (principal) channels of interest: 
»  B-→DK-, D→K+π-π0 (CP violation) 

»  B-→Dπ-, D→K+π-π0 (less CP violation) 

B- 

DK- 

DK- 

(K+π-π0)DK- 

»  ADS method involves the D decaying into 
a non-CP eigenstate of a kaon and an 
ensemble of pions (e.g. Kππ0) 

»  Interference between D0 and D0 decays 
gives sensitivity to γ   

»  Favoured (control) modes: 
»  B-→DK-, D→K-π+π0 

»  B-→Dπ-, D→K-π+π0 

 



Why Kππ0? 3 

»  Statistical perspective 

 
»  In D decays with more than 2 particles in the final state, there are intermediate 

resonances that must be considered 
»  Coherence factor parameterises effect of these resonances and affects size of 

the interference that gives sensitivity to γ 
»  Value ranging from 0 to 1: closer to 1, greater the sensitivity to γ  
»  Measured to be 0.82 by CLEO [Phys Lett B 731 (2014) 197] 

»  Challenge: there’s a π0 in the final state! 
»  20-30 of these in LHCb acceptance per event 
»  Some photons convert before reaching calorimeter 
»  Modest calorimeter energy resolution 

 

 
 

B(D0 ! K�⇡+⇡0) = (13.9± 0.5)% VS 
B(D0 ! K�⇡+⇡�⇡+) = (8.07± 0.20)%

B(D0 ! K�⇡+) = (3.87± 0.05)%
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LHCb Detector 4 
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Electromagnetic Calorimeter 5 

»  Scintillating Pad 
Detector (SPD) and 
Pre-Shower Detector 
(PS) present before 
ECAL – used for 
electron/photon 
distinction 

»  ECAL has alternating 
tiles of lead absorber 
plates and scintillator 
tiles 

»  Cell sizes vary depending on proximity to the beam pipe 

»  Energy resolution of  
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Boosted Decision Tree 6 

»  Selection is primarily based on use of a Boosted Decision Tree (BDT) 
»  Trained on a series of kinematic variables including  
     D momentum, π0 pT, B vertex quality 
»  Signal sample from Monte Carlo of favoured B±→Dπ±, D→K±π∓π0 
»  Background samples from data (attempting to eliminate combinatoric background) 
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Dalitz Plots 7 
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»  Since the coherence factor is known, a full Dalitz analysis isn’t required for the 
extraction of CP observables… 

»  We can still look at the plots to make sure things look sensible 

»  Visible structure is seen representing K* and ρ0 resonances  
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»  Using full 3 fb-1 of LHCb data set 
»  Prominent peaks are visible! 
»  Belle has seen evidence of the suppressed DK and Dπ modes (3.2σ level), but 

neither has been observed 

 

~41 000 events 

LHCb 

Unofficial 

LHCb 

Unofficial 
LHCb 

Unofficial 

LHCb 

Unofficial 

Favoured Kππ0 
 
 

Suppressed Kππ0 
 
 
 



 ) 2 c
Ev

en
ts 

/ (
 1

0 
M

eV
/

20

40

60

 ±KD]
0/

±

K±K[A±B

LHCb

BLI
ND

] 2c) [MeV/±Dh(m
5200 5400 5600 5800

100

200

300

400

 ±/D]
0/

±

K±K[A±B

LHCb

πππ0 & KKπ0 9 
 ) 2 c

Ev
en

ts 
/ (

 1
0 

M
eV

/

20

40

60

80

 ±KD]
0/

±

/±/[A±B

LHCb

BLI
ND

] 2c) [MeV/±Dh(m
5200 5400 5600 5800

200

400

600

800

 ±/D]
0/

±

/±/[A±B

LHCb

»  Same BDT trained for Kππ0 has been used on these modes 
»  Potential first observations here as well! 
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Conclusions 10 

»  B±→DK± decays at LHCb offer a rich environment for CP violation 
measurements 
»  Decay modes with a π0 have yet to be fully exploited in γ measurements  

»  Multivariate selection technique (BDT) has been effective at reducing 
backgrounds for these modes with a π0 

»  Visible signals in the control modes for Kππ0, πππ0 and KKπ0 
»  Potential for several first observations 
»  After unblinding and measurement of CP observables, results will be 

incorporated into LHCb γ combination measurement 

»  CP violation analysis with a neutral pion being performed at a hadron collider 
experiment: exciting proof of principle! 
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Coherence Factor 12 
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Fig. 5. (Colour online.) Scans of the !χ2 in the (left) (R Kππ0 , δKππ0

D ) and (right) (R K 3π , δK 3π
D ) parameter space.

6. Outlook and conclusions

Updated measurements of the coherence factors and aver-
age strong-phase differences for D0 → K −π+π0 and D0 →
K −π+π+π− have been presented. Despite the addition of events
tagged by D0 → K 0

S π+π+ decays the overall precision on the pa-
rameters has not improved significantly compared to the original
CLEO-c analysis [3]. However, the likelihood curves are significantly
different to those previously published as a result of the changes
in the central values of the parameters, in particular those of the
average strong-phase differences. These changes are due to the ad-
ditional data and the updates to the D0 branching fractions and
charm-mixing parameters. Therefore, it is recommended that the
new results are used in the determination of γ /φ3 from B± → D K
decays and in charm-mixing studies.

The BESIII detector [27] has collected a correlated D D̄ data
set at a centre-of-mass energy corresponding to the mass of the
ψ(3770). This data set is approximately 3.5 times larger than
that used in this analysis. An estimate of the BESIII potential to
determine the coherence factors and strong-phase differences is
obtained by reducing the uncertainties on the observables and
Yi measurements by a factor of 1/

√
3.5, then repeating the χ2

fit to the parameters. The uncertainties returned by the fit are:
σ (R Kππ0 ) = 0.04, σ (δKππ0

D ) = 8◦ , σ (R K 3π ) = 0.10, and σ (δK 3π
D ) =

8◦ . The uncertainties are not only reduced but symmetric. There-
fore, it is clear that significant improvements in the knowledge
of these parameters can be obtained from the current BESIII data
set.
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1.6 Extracting the Angle γ from B± → D0K± 16

1.6.2 GLW & ADS Methods

The simplest of the B → DK strategies involve straightforward ‘counting experi-
ments’8, making them technically robust. The original suggestion, proposed by Gronau,
London and Wyler (GLW), was to consider fD in a CP-eigenstate [GL91, GW91], such
as K+K− or π+π−. Alternatively, one can also consider decays to non CP-eigenstates,
such as K±π∓, as proposed by Atwood, Dunietz and Soni [ADS97]. The interference
diagrams relating to these two strategies are shown in Fig. (1.4).

B- (K+K-)DK-

DK-

D̄K-
rBei(δB−γ)

(a)

B- (K+π-)DK-

DK- rDeiδD

D̄K-
rBei(δB−γ)

(b)

Figure 1.4: The two interfering decay paths of B− → D0K− and B− → D̄0K− when
the D0 and D̄0 decay to specific, common final states. Scenario (a), where a CP-
eigenstate of the D decay is considered (such as K+K−), is referred to as the GLW
method. Scenario (b), where a non CP-eigenstate is considered (such as K±π∓), is
referred to as the ADS method.

Since, as mentioned above, the value of rB is small, the GLW method suffers from
minimal interference and consequently has a limited sensitivity to γ. The ADS method,
however, has a much enhanced sensitivity to γ as a result of maximal interference. This
will be explained below.

The non CP-egienstate K−π+ may arise from either a Cabibbo Favoured (CF) D0

decay or a doubly Cabibbo Suppressed (DCS) D̄0 decay, as illustrated in Fig. 1.5. The
relative suppression between the DCS and CF decays is parameterised by rKπ

D , with
the relative phase difference labelled as δKπ

D . The amplitude ratio is then given by

A(D̄0 → K−π+)

A(D0 → K−π+)
= rKπ

D eiδKπ
D . (1.53)

From existing measurements, rKπ
D = 0.0579 ± 0.0014 and δKπ

D = (22.5+10.4
−11.0)

◦ [HFA].
Substituting Eq. (1.53) into Eq. (1.51), we find the total amplitude for the process
B− → (K+π−)K− has the following dependence:

A(B− → (K+π−)K−) ∝ rKπ
D eiδKπ

D + rBei(δB−γ). (1.54)

Since rB and rKπ
D are expected to be similar in value, in the scenario where the kaon

from the B and D decay are of opposite sign, the amplitudes of the two interfering

8Comparison of event numbers reconstructed in specific final states.
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