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Measurements of γ at tree-level decays

B → DK decays as explicative example. The sensitivity to γ arises through the
interference between b → c and b → u transitions.

Crucial point is that D final state fD must be accessible to both D0 and D̄0

Magnitude of the interference is governed by γ, rB amplitude ratio and δB
CP-conserving strong phase difference

Such decays have negligible loop contributions δγ/γ ≈ O(10−7
) [ JHEP 1401

(2014) 051]
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Measurements of γ at tree-level decays

B±
→ Dπ± decays have

smaller interference (rπB ≈

0.01 vs rK
B ≈ 0.1) but larger

BR

rB and δB are different from
one B decay to another

Measurements presented at last Implications Workshop:

B±
→ D(h+h−)h±: ADS/GLW 1fb−1

→ updating for 3fb−1

B±
→ Dh± D(K±π∓π+π−): Multibody ADS 1fb−1

→ updating for 3fb−1

B±
→ D(K 0

S K±π∓)K±: GLS 3fb−1

B±
→ D(K 0

S h+h−)K±: GGSZ model-independent 3fb−1

B±
→ D(K 0

S h+h−)K±: GGSZ model-dependent 1fb−1

B0
→ DK∗0: ADS/GLW 3fb−1

B0
s → D±

s K∓ time-dependent measurement 1fb−1
→ updating for 3fb−1
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Current status on γ measurements from LHCb

LHCb γ combination

• Last official LHCb combination in September 2014 [LHCb-CONF-2014-004]

• Combination of B±
→ DK±, B0

→ DK∗0 and B0
s → D±

s K∓ results:
Frequentist approach: 72.9○ with 68% CL [63.0○, 82.1○]
Bayesian approach: 71.9○ with 68% CL [61.9○, 81.8○]

• Most precise result from a single experiment

• More precise than combined B-factories
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New γ measurements: B∓ → Dh∓ with D → h∓h±π0
[PHYS. REV. D91 (2015) 112014]

Full Run I sample (3fb−1)

D meson reconstructed in three-body final states: D → K∓π±π0, D → h+h−π0

Inclusive analysis: Interference effects sensitive to γ can be diluted across the
phase space due to the presence of intermediate resonances

In D → h+h−π0 the dilution refers to the fractional CP-even content
Dilution factors measured using CLEO-c data

large: κKππ0

D = 0.82±0.07, Fπππ
0

+ = 0.968±0.018, F KKπ0

+ = 0.731±0.062
[PLB 731(2014) 197] [arXiv:1504.05878]

External inputs (r Kππ0

D ≈ 0.05 [PDG], δKππ0

D [CLEO-c])

RKππ0

ADS(h)
≈ (rB )

2
+ (rKππ0

D
)

2
+ 2κKππ0

D
rB rKππ0

D
cos(δB + δKππ0

D
) cos(γ)

AKππ0

ADS(h)
≈ (2κKππ0

D
rB rKππ0

D
sin(δB + δKππ0

D
) sin(γ))/RKππ0

ADS(h)

Rhhπ0

qGLW
= 1 + (rB )

2
+ (2F hhπ0

+
− 1)2rB cos(δB ) cos(γ) ≈ Rhhπ0

K/π
/RKππ0

K/π

Ahhπ0

qGLW(K)
= (2F hhπ0

+
− 1)2rB sin(δB ) sin(γ)/Rhhπ0

qGLW

12 observables are measured in total (including B+
/B− production asymmetry Aprod )
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.112014
http://www.sciencedirect.com/science/article/pii/S0370269314001233
http://arxiv.org/abs/1504.05878


New γ measurements: B∓ → Dh∓ with D → h∓h±π0
[PHYS. REV. D91 (2015) 112014]

Simultaneous fit to the 16 subsamples ((2qGLW + 2Kπ)x2
(bach±)x2(bachπ/K )

)

Kaon PIDbach > 4, else π

The presence of the π0 reduces the purity (wrongly rec. bkg) wrt the 2-body
charged D final states

Detection (h+/h−) and detector asymmetries are included

B±
→ [K±π∓π0

]D h±

Favoured control channel

Mass fit shapes

Control the fraction of
B → Dπ in the B → DK
mode

Aprod = −0.0008 ± 0.0055 ± 0.0050
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New γ measurements: B∓ → Dh∓ with D → h∓h±π0
[PHYS. REV. D91 (2015) 112014]

ADS-like modes

B → DK signal significance 2.8 σ
B → Dπ signal significance 5.3 σ
⇒ First Observation

RKππ0

ADS(K)
= 0.0140 ± 0.0047 ± 0.0021

RKππ0

ADS(π)
= 0.00235 ± 0.00049 ± 0.00006

AKππ0

ADS(K)
= −0.020 ± 0.27 ± 0.04

AKππ0

ADS(π)
= 0.438 ± 0.190 ± 0.011
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New γ measurements: B∓ → Dh∓ with D → h∓h±π0
[PHYS. REV. D91 (2015) 112014]

GLW-like modes
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B→ DK
B→ Dπ

B → D(KKπ0
)π signal significance > 10.0σ

B → D(KKπ0
)K First evidence (4.5 σ)

RKKπ0

qGLW = 0.95 ± 0.22 ± 0.05

Rπππ
0

qGLW = 0.98 ± 0.11 ± 0.05

AKKπ0

qGLW (K)
= 0.30 ± 0.20 ± 0.02

Aπππ
0

qGLW (K)
= 0.054 ± 0.091 ± 0.011

AKKπ0

qGLW (π)
= −0.030 ± 0.040 ± 0.005

Aπππ
0

qGLW (π)
= −0.016 ± 0.020 ± 0.004
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New γ measurements: B∓ → Dh∓ with D → h∓h±π0
[PHYS. REV. D91 (2015) 112014]
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Measured observables used to obtain constraints
on physics parameters γ, rB and δB .

2D-likelihood scan γ vs rB and γ vs δB

light-blue 1σ, blue 2σ contours

D mixing effects accounted for but are
negligible

Results are compatible with LHCb
combination (cross marked)

[LHCb-CONF-2014-004]

Best-fit value rB = 0.11±0.03

No strong constraints on γ or δB with these
statistics

These measurements can contribute to
improve precision when included in a LHCb
global analysis for determining γ
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New γ measurements: B± → Dh±ππ [arXiv:1505.07044]

Full Run I sample (3fb−1)

X− refers to X−
s = K−π+π− and X−

d = π−π+π−

B−
→ DX−

d used for normalization in B−
→ DX−

s measurements

D meson reconstructed in 2-body decays: D → K∓π±, D → K+K−, D → π+π−

Inclusive Analysis: to enhance coherence selection placed on hππ system

Dilution factors of B decays (free parameters of the global fit to γ)

External inputs rD [HFAG], δD [Phys. Lett. B 734 (2014) 227]

Rh+h−

CP+
= 1 + r2

B
+ 2κrB cos(δB ) cos(γ)

Af
X
= 2κrB sin(δB ) sin(γ)/RCP+ f = K+K−, π+π−, K−π+

RX±
=

r2
B
+r2

D
+2κrB rD cos(δB+δD±γ)

1+r2
B

r2
D
+2κrB rD cos(δB−δD±γ)

rB , δB and κ are different among B decays in DXs and DXd (r Xs
B

> r
Xd
B

)

γ is mainly constrained by Ah+h−

Xs
, RCP+ and RX±

s

Corrections for D mixing included to determining physics parameters constraints

Production and detection asymmetries (h+/h−) considered from external input

First γ measurement using these modes
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New γ measurements: B± → Dh±ππ [arXiv:1505.07044]

Simultaneous fit to the 16 subsamples ((2qGLW + 2Kπ)x2
(X±)x2(Xd/s )

)
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Cabibbo Favoured

Doubly Cabibbo Suppressed

ADS suppressed mode observed
with an overall significance of
3.6σ

AX Kπ
s

= 0.013 ± 0.019 ± 0.013

RX+

s = (105+60
−44 ± 11) ⋅ 10−4

RX−

s = (54+45
−42 ± 6) ⋅ 10−4

RADS =
(R

X−s +R
X+s )

2 = 0.82+0.38
−0.30 ⋅ 10−4

AADS =
(R

X−s −R
X+s )

(RX−s +RX+s )
= −0.32+0.27

−0.34
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New γ measurements: B± → Dh±ππ [arXiv:1505.07044]

Simultaneous fit to the 16 subsamples ((2qGLW + 2Kπ)x2
(X±)x2(Xd/s )

)
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Looser selection in GLW
modes thanks to higher
signal yields

Similar plots for
B±
→ DX±

d

First observation of all these
decays

AK+K−

Xs
= −0.045±0.064±0.011

Aπ
+π−

Xs
= −0.054±0.101±0.011

RK+K−

CP+ = 1.043± 0.069± 0.034

Rπ
+π−

CP+ = 1.035 ± 0.108 ± 0.038
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New γ measurements: B± → Dh±ππ [arXiv:1505.07044]
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Measured observables used to obtain constraints
on physics parameters γ, rB and δB and κ.

Projection of 1-CL versus γ and rB

B → DXs fit

γ = (74 +20
−19)○ at 68.3% CL

Compatible with LHCb γ combination
[LHCb-CONF-2014-004]

rXs
B

= 0.08 ± 0.03 at 68% CL (not small)

Coherence factor κ close to 1 (weak constraints)

B → DXs,d combined fit → small influence of
Xd modes

These decay modes will contribute to improve
the precision on γ from combined
measurements
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B0 → DK+π− Dalitz plot analysis for measuring γ

Dalitz plot analysis is expected to gain in sensitivity wrt to quasi-2body methods
since interference between resonances may resolve the ambiguities on γ
[Phys.Rev.D79:051301,2009]

The γ angle can be extracted from a simultaneous amplitude analysis of the
B0
→ DK+π− with D → Kπ and DCP → h+h− (h=K,π)

Sensitivity to γ comes from interference between b̄ → c̄us and b̄ → ūcs̄

D∗
2 (2460)− resonance is taken as a reference to relate phases between the 3

Dalitz plots

Dalitz Plot analysis of Cabibbo Favoured B0
→ D̄0K+π−, D̄0 → K+π− mode is

used to determine b̄ → c̄us model and to measure BF(B0
→ D̄0K∗∗0) and

BF(B0
→ D∗∗−

2 K+)
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B0 → D̄0K+π− Dalitz plot analysis of CF decays [arXiv:1505.01505]
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B0
→ D̄0K+π− 2344 ± 66 (in signal region)

Resonances expected in the m2
(D̄0π−) and m2

(K+π−) combinations

8 amplitudes included in the model (D∗

2 (2460)− taken as reference)

Complex amplitudes and Fit fractions have been measured

BF(B0
→ D̄0K∗

(892)0) and BF(B0
→ D∗

2 (2460)−K+) more precise than previous
measurements

First amplitude analysis of B0
→ D̄0K+π−
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B0 → DK+π− Dalitz plot analysis for measuring γ

Previous analysis determined the amplitude model for γ measurement in
B0
→ DK+π−where D → Kπ and DCP → h+h− (h=K,π)

Masses and widths of D∗ resonances constrained to previous results

CP violation parameters included in K∗
(892)0 and K∗

2 (1430)0 resonances

Pseudoexperiment
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contours hold 68%, 95% CL

Fit on data already done, but
the result is blinded

toy studies validate the
results

rB(K∗0
) and γ scan from

pseudoexperiment

estimated sensitivity to γ ≈

15○

unblinding soon
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Expected precision on γ at Run II

Vincenzo’s talk ,
Belle II Theory Interface Platform Workspace

(April 2015)

LHCb Run II
started

13 TeV collisions

with revised
trigger strategy

expected 8fb−1 till
2018 data taking

σ(γ) ≈ 4○ at the
end of Run II
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More measurements in B → DX : B0 → D(∗)+D(∗)− analysis

Branching Fractions and decay widths are included in the analysis

Constraints on penguin pollution to enhance sensitivity to NP [JHEP 1507 (2015) 108 Phys.

Rev. D 91, 034027(2015)]

The analysis is in good shape: B0
→ D+D− 1425 ± 45, B0

→ D∗+D− 698 ± 30

B → Ds D will follow

LHCb Upgrade we
will gain in high
trigger efficiency

Time-Dependent analysis for CP-violation measurements

Without penguin pollution: SCP = −ηCP sin(2β) CCP = 0

Currently OScharm and SS taggers being added (expect a +50% in tagging power)

expected sensitivity on SCP
and CCP : ±0.25 only OStagger

we expect to be competitive
with B-factories, even better
precision in Run II
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Conclusions

a) In addition to the B0
s → DsDs analysis [Phys. Rev. Lett. 113, 211801 (2014)] the

B0
→ D(∗)+D(∗)− CP-violation analysis is on-going

b) LHCb covers a wide program to measure γ

Many analyses are exploiting the full Run I dataset

New methods and decay modes have been investigated for the first time
Following the BF(B0

s → D∗
s K) measurement [J. High Energy Phys. 06 (2015) 130], the

Time-Dependent analysis will contribute to γ

Ongoing analysis of LHCb charm data to determine hadronic parameters
for D → Kπππ. Prospects to do similar work to determine other hadronic
parameters.

An Update of LHCb combination for γ is expected for winter conferences
expected 8○ or better due to some additional modes to be included in the
combination

For Run II expected precision on γ ≈ 4○

LHCb upgrade will lead to ≤ 1○
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What is γ?

CKM matrix describes weak quark interactions → On the complex plane it defines the
Unitarity Triangle

γ

γ

α

α

dm∆

Kε

Kε

sm∆ & dm∆

ubV

βsin 2

(excl. at CL > 0.95)

 < 0βsol. w/ cos 2

e
xc

lu
d
e
d
 a

t C
L
 >

 0
.9

5

α

βγ

ρ

­1.0 ­0.5 0.0 0.5 1.0 1.5 2.0

η

­1.5

­1.0

­0.5

0.0

0.5

1.0

1.5

excluded area has CL > 0.95

EPS 15

CKM
f i t t e r

γ = - arg(
Vud V∗

ub
Vcd V∗

cb
) = (73.2○)+6.3

−7.0

[CKMFitter]

1 Point of interest: it is the least
well known angle

2 Point of interest: difference in
tree and loop γ measurements
could indicate New Physics
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http://ckmfitter.in2p3.fr/www/results/plots_eps15/png/rhoeta_large.png
http://ckmfitter.in2p3.fr/www/results/plots_eps15/num/ckmEval_results_eps15.html


B∓ → Dh∓ with D → h∓h±π0: 12 Observables [arXiv:1504.05442]

ADS-like observables

RKππ0

ADS(h) =
Γ(B−→[π−K+π0

]D h−)+Γ(B+→[π+K−π0
]D h+)

Γ(B−→[K−π+π0]D h−)+Γ(B+→[K+π−π0]D h+)
=

SUPPRESSED
FAVOURED

x2 (h = Kπ)

AKππ0

ADS(h) =
Γ(B−→[π−K+π0

]D h−)−Γ(B+→[π+K−π0
]D h+)

Γ(B−→[π−K+π0]D h−)+Γ(B+→[π+K−π0]D h+)
=

diff . SUPPRESSED
sum SUPPRESSED

x2 (h = Kπ)

AKππ0

K =
Γ(B−→[K−π+π0

]D K−
)−Γ(B+→[K+π−π0

]D K+
)

Γ(B−→[K−π+π0]D K−)+Γ(B+→[K+π−π0]D K+)
=

diff . FAVOURED
sum FAVOURED

→ amount of CP violation in the suppressed and favoured modes

δKππ0

D = (164+20
−14 )○

quasiGLW observables

Rh′h′π0

qGLW =

Γ(B−→D
F h′h′π0
+

K−
)+Γ(B+→D

F h′h′π0
+

K+
)

Γ(B−→D0K−)+Γ(B+→D̄0K+)
≈

Rh′h′π0

K/π

RKππ0

K/π

x2 (h = Kπ)

Ah′h′π0

qGLW (h) =
Γ(B−→[h′h′π0

]D h−)−Γ(B+→[h′h′π0
]D h+)

Γ(B−→[h′h′π0]D h−)+Γ(B+→[h′h′π0]D h+)
x4 (h = Kπ)

Aprod =
σ(B−)−σ(B+)
σ(B−)+σ(B+)

CPV in B → DX 22/27 Giulia Tellarini
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B∓ → Dh∓ with D → h∓h±π0
[arXiv:1504.05442]

Measured signal yields allow the fit to determine the observables of interest:

nDK+

πKπ0 =

nDπ
Kππ0 ⋅R

Kππ0

K/π ⋅RKππ0

ADS(K) ⋅εexp

1+[
1+AKππ0

ADS(K)

1−AKππ0

ADS(K)

⋅
1+Aprod
1−Aprod

⋅
1+Adet
1−Adet

]

B− decay channel Yield B+ decay channel Yield
B− → [K−π+π0]Dπ

− 18 854± 176 B+ → [K+π−π0]Dπ
+ 18 882± 176

B− → [K−π+π0]DK
− 1 478± 39 B+ → [K+π−π0]DK

+ 1 442± 39
B− → [π−K+π0]Dπ

− 63± 13 B+ → [π+K−π0]Dπ
+ 25± 13

B− → [π−K+π0]DK
− 16± 9 B+ → [π+K−π0]DK

+ 24± 9
B− → [π+π−π0]Dπ

− 1 716± 55 B+ → [π+π−π0]Dπ
+ 1 772± 55

B− → [π+π−π0]DK
− 139± 19 B+ → [π+π−π0]DK

+ 125± 19
B− → [K+K−π0]Dπ

− 509± 34 B+ → [K+K−π0]Dπ
+ 541± 34

B− → [K+K−π0]DK
− 49± 12 B+ → [K+K−π0]DK

+ 27± 12

Systematic Uncertainties (⋅ 103)

PID PDFs Sim Ainstr Total

AKππ
0

ADS(K) 3.4 39.6 8.7 5.7 41.1

AKππ
0

ADS(π) 1.6 7.5 4.5 6.9 11.3

AKKπ
0

qGLW(K) 5.1 10.2 18.8 2.1 22.1

Aπππ
0

qGLW(K) 0.9 7.9 7.3 0.9 10.8

AKKπ
0

qGLW(π) 0.8 2.2 1.2 4.4 5.1

Aπππ
0

qGLW(π) 0.3 0.9 0.7 4.2 4.4

AKππ
0

K 0.4 0.9 1.4 4.2 4.6

RKππ
0

ADS(K) 0.3 2.0 0.6 0.1 2.1

RKππ
0

ADS(π) 0.02 0.05 0.02 0.01 0.06

RKKπ
0

qGLW 23.8 24.9 36.5 7.7 50.8

Rπππ
0

qGLW 8.1 20.7 42.5 5.3 48.3

AProd 0.3 0.3 0.5 5.0 5.0

average PID efficiency for bachelor
particle

from fixed PDFs parameters

systematics due to limited stats of
Simulated samples

Ainstr interaction and
detection-related asymmetry
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B− → Dh−π+π− [arXiv:1505.07044]

rB ≡∣ A(B−
→ [h−h+]D̄0X

−
s )/A(B−

→ [h−h+]D0X−
s )

δB strong phase difference between B−
→ D̄0X−

s and B−
→ D0X−

s

→ averaged over the DXs phase space

Coherence factor κ takes into account dilution of interference due to
variation of the strong phase across the phase space

bounded (0;1) → free parameter to be determined in the global fit for γ

DCS to CF ratio → rDe
iδD

= A(D0
→ K+π−)/A(D0

→ K−π+) → taken
from independent measurements
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B− → Dh−π+π− [arXiv:1505.07044]

Fitted yields in ADS modes

Decay mode B− yield B+ yield

(Nf

fit,X−
d

) (Nf

fit,X+
d

)

B± → DX±
d , D →− π+ 36 956± 214 37 843± 219

B± → DX±
d , D →+ π− 161± 20 162± 20

(Nf

fit,X−
s
) (Nf

fit,X+
s
)

B± → DX±
s , D →− π+ 1234± 37 1226± 37

B± → DX±
s , D →+ π− 13.0± 5.3 6.6± 4.0

Fitted yields in GLW modes

Decay mode B− yield B+ yield

(Nf

fit,X−
d

) (Nf

fit,X+
d

)

B± → DX±
d , D →− π+ 45 213± 226 46 488± 230

B± → DX±
d , D →+ − 3899± 63 4084± 65

B± → DX±
d , D → π+π− 1669± 38 1739± 40

(Nf

fit,X−
s
) (Nf

fit,X+
s
)

B± → DX±
s , D →− π+ 1699± 47 1744± 47

B± → DX±
s , D →+ − 155± 14 171± 14

B± → DX±
s , D → π+π− 59± 9 70± 9

Systematic Uncertainties (%)

Source A(B± → DX±
d ) A(B± → DX±

s ) RCP+ R±
d R±

s

D → h+h− Kπ h+h− Kπ K+− π+π− Kπ Kπ
AB± 0.7 0.7 0.7 0.7 – – – –
AK – 0.4 0.4 0.8 – – 0.7 0.7
Aπ 0.3 – – 0.3 – – 0.6 0.3
Trigger 0.4 0.4 0.4 0.4 1.5 1.5 1.5 1.5
PID 0.6 0.6 0.6 0.6 1.2 1.2 1.2 1.2
Signal model – – – – 1.1 1.1 – –
Bkgd. model – – – – 1.6 1.6 4.0 10.0
Charmless back. – – – – 1.0 1.0 1.0 1.0
Cross-feed – – – – 1.0 1.0 1.0 1.0
D vetoes – – – – 1.0 1.7 1.0 1.0
RCP+ approx. – – – – 1.0 1.0 – –
Total 1.0 1.1 1.1 1.3 3.4 3.8 4.9 10.4

CPV in B → DX 25/27 Giulia Tellarini

http://arxiv.org/abs/1505.07044


B0 → D̄0K+π− where D̄0 → K+π− Dalitz plot analysis
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Data Total fit 0*(892)K 0*(1410)K
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B0 → D̄0K+π− where D̄0 → K+π− Dalitz plot analysis - Pull

Squared Dalitz Plot: xdata − xfitModel/σx
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Tests quality of the model show acceptable agreement between the data
and the fit model
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