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CKM Unitarity Triangle and cos 2β

Measurement of sin 2β(= sin 2φ1) [1] leads to β = 21.9
◦

or β = π/2− 21.9
◦

= 68.1
◦

[2].

Time-dependent Dalitz Plot analysis of B0 → D(∗)0h0 with D0 → K 0
S π

+π−

determines both sin 2β and cos 2β [3].
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Determination of cos 2β

Previous BABAR +Belle analysis of B0 → D
(∗)0
CP h0: sin(2β) = 0.66± 0.11± 0.06 [4].

Both BABAR and Belle have independently measured cos(2β) using B0 → D(∗)h0:

Neither sensitive enough to establish sign of cos(2β).

Results outside physical region of parameter space:
e.g. cos(2β) = 1.06± 0.33+0.21

−0.15 [5], 1.87+0.40+0.22
−0.53−0.32 [6].

Used different set of resonances in Dalitz Plot amplitude models.

Steps in this analysis:

1 Dalitz Plot analysis of D0 → K 0
S π

+π− from D∗+ → D0π+
s in e+e− → cc.

2 Extract signal yield from B0 → D(∗)0h0 decays:

(D∗0 → D0π0), D0 → K 0
S π

+π−.
h0 = π0 → γγ, η → γγ, η → π+π−π0 and ω → π+π−π0.

3 Time-dependent CP analysis of the
( )

B0 →
( )

D0 h0 decay.
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BABAR and Belle experiments

BABAR +Belle dataset: 1.1 ab−1 or ≈ 1.24× 109 BB collected at Υ (4S)
resonance.
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D0 → K 0
S
π+π− Dalitz Plot Amplitude Model

Taken from flavor-tagged D∗+ → D0π+
s decays in e+e− → cc data.

Belle data only: 924 fb−1 at Υ (4S), Υ (5S) and off-resonance.

Fit to D0 mass and ∆M = MD∗+ −MD0 to define signal candidates.

Then fit D0 → K 0
S π

+π− Dalitz Plot

AD0 (m2
K0
S
π+ ,m

2
K0
S
π−) =

∑
r 6=(Kπ,ππ)L=0

are
iφrAr (m

2
K0
S
π+ ,m

2
K0
S
π−) +AKπL=0 (s) + F1(s)

Two-body intermediate resonances:
Cabibbo-favored: K∗(892)−, K∗

2 (1430)−, K∗(1680)−, K∗(1410)−

Cabibbo-suppressed: K∗(892)+, K∗
2 (1430)+, K∗(1410)+

CP eigenstates: ρ(770)0, ω(782), f2(1270), ρ(1450)0

LASS parameterisation used for K ∗0 (1430)∓ and KπL=0 S-wave [7].

K-Matrix used for ππL=0 S-wave [8].
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D∗+ → D0πs yield and D0 → K 0
S
π+π− Dalitz Plot
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B0 → D(∗)0h0 Signal Yield

Five B0 decay modes reconstructed: D0π0, D0η, D0ω, D∗0π0, D∗0η.
Very similar selections applied to both BABAR and Belle data.
Neural Net (NN) with 16 event-shape variables to reject e+e− → qq.
Three-dimensional Maximum Likelihood fit to M ′bc , ∆E , and NN ′out.

M ′bc =

√
E∗2
beam −

(
~p∗
D(∗)0 +

~p∗
h0

|~p∗
h0 |

√
(E∗beam − E∗

D(∗)0 )2 −m2
h0

)2

; ∆E = E∗B−E∗beam

Yields: BABAR = 1129± 48 ; Belle = 1567± 56.
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Time-dependent CP analysis

Fit proper-time interval ∆t independently to BABAR and Belle data

lnP =
∑

i

lnPBABARi +
∑

j

lnPBelle
j

PDFs P convoluted with time-dependent resolution functions R

Pexp =
∑

k

fk

∫
[Pk(∆t)Rk(∆t −∆t ′)]d∆t ′

Apply experiment-specific resolution models and flavor-tagging
algorithms.
Apply common signal Dalitz plot signal model:

Psig ∝ [|AD0 |2 + |AD0 |2]− q[|AD0 |2 − |AD0 |2] cos(∆m∆t)

±2qη0
h(−1)L[=(AD0A∗D0 )cos 2β −<(AD0A∗D0 )sin 2β] sin(∆m∆t)
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Time-dependent CP analysis
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sin 2β = 0.80± 0.14(stat.)± 0.06(syst.)± 0.03(model)

cos 2β = 0.91± 0.22(stat.)± 0.09(syst.)± 0.07(model)

β = (22.5± 4.4(stat.)± 1.2(syst.)± 0.6(model))
◦
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Summary and Conclusion

sin 2β in good agreement with World Average, sin 2β = 0.69± 0.02.

Most precise measurement of cos 2β.

First evidence for cos 2β > 0 (3.7σ).

Exclusion of second solution π/2− β = (68.1± 0.7)
◦

(7.3σ).

Exclusion of β = 0 (5.1σ).

Observation of CP violation in B0 → D(∗)0h0.

In preparation for Phys. Rev. Lett. and Phys. Rev. D.

Fergus Wilson (RAL/STFC) cos(2β) from B0 → D(∗)0h0 decays 23rd February 2018 10 / 11



Bibliography

[1] BABAR collaboration, B. Aubert et al., Phys. Rev. D 79, 072009 (2009); Belle
collaboration, I. Adachi et al., Phys. Rev. Lett. 108, 171802 (2012).

[2] CKMfitter Group, J. Charles et al., http://ckmfitter.in2p3.fr/

[3] A. Bondar, T. Gershon, and P. Krokovny, Phys. Lett. B 624, 1 (2005).

[4] BABAR and BABAR collaborations, A. Abdesselam et al., Phys. Rev. Lett. 115, 121604
(2015).

[5] Belle Collaboration, V. Vorobyev et al., Phys. Rev. D 94, 052004 (2016).

[6] Belle Collaboration, P. Krokovny et al., Phys. Rev. Lett. 97, 081801 (2006).

[7] LASS Collaboration, D. Aston et al., Nucl. Phys. B 296, 493 (1988).

[8] S.U. Chung et al., Ann. Phys. 507 404 (1995).

Fergus Wilson (RAL/STFC) cos(2β) from B0 → D(∗)0h0 decays 23rd February 2018 11 / 11


	Introduction
	Methodology
	Experimental dataset
	Dalitz Plot Model
	Dalitz Plot Distribution
	Signal Yield
	Time-dependent CP fit
	Results
	Summary and Conclusion
	Bibliography

