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γ measurements from B±→ DK±

∘ Access γ via interference between B−
→ D0K−andB−

→ D0K−
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° Theoretically pristine B  DK approach

relative weak phase is γ , relative strong phase is δB

relative magnitude of suppressed amplitude is rB

[see J.Brod's talk ]



γ measurements from B±→ DK±

° Reconstruct D in final states accessible to both D0 and D0

− D =DCP , CP eigenstates as KK− , − , KS
0

− D =Dsup , Doubly -Cabbibo suppressed decays as K

− Three-body decays as DKS
− , KSKK−

GLW method Gronau-London-Wyler 

ADS method Atwood-Dunietz-Soni

GGSZ Dalitz method Giri-Grossman-Soffer -Zupan 

∘ Largest effects due to

− charm mixing

− charm CP violation

∘ Different B decays (DK , D*K , DK *
)

− different hadronic factors (rB , δB) for each

Y.Grossman, A.Soffer , J.Zupan [PRD 72, 031501 (2005)]

small and can be taken into account

∘ ultimate theoretical error < 10−7
[ J.Brod and J.Zupan, arXiv :1308.5663]

M.Rama [PRD 89, 014021 (2014)]



[workshop on charm physics at threshold , Beijing , Oct 2011]

( J.Charles)



Different treatments of the nuisance parameters
to compute the distributions of the log-likelihood depending on
the nuisance parameters ν :

1. use the best fit estimate, ν = ν̂ (plugin method): coverage not
not guaranteed if the true value of ν is different from ν̂

2. use the worst -case distribution: maximize the p- value over all
possible values of ν (supremum method): coverage or overcoverage
guaranteed by construction

3. maximize the p- value a well -chosen subspace ν ∈N
(constrained supremum method, e.g. Berger -Boos)

rB ' s away from zero , dependence wrt nuisance parameters is now weak

(summer 2008) (summer 2011)



Outline:

− start by inputs from γ observables only :
∘ GGSZ observables of diff. exp., γ from GGSZ
∘ prediction of GLW observables , γ from GGSZ+GLW

− ' 'charm' analysis : get the K π , K π π0 , K3π strong phases and
other hadronic parameters
∘ comparison to CLEO-c results
∘ pull of charm observables

− add ADS observables:
∘ prediction of ADS observables, γ from GGSZ+GLW+ADS
∘ δD discussion (from charm observables, from γ observables...)

− new observables from LHCb: DK*0
(GLW , ADS)...

− Summary

(r discussion : DK , Dπ , D*ρ , DsK)

(preliminary results)
(plugin method)



GGSZ, GLW , ADS in charged B decays 

GGSZ

BaBar
DK+D *K+DK *

Belle
DK+D *K

LHCb
DK

GLW

BaBar
DK+D *K+DK *

Belle
DK+D *K

LHCb
DK

ADS

BaBar
DK+D *K+DK *

Belle
DK+D*K , K π/K ππ0

LHCb
DK , K π , K3 π

GGSZ

x±= rB cos(δB±γ) and y±= rB sin(δB±γ)

GLW ADS

[ just for illustration ]



GGSZ update from LHCb

γLHCb
GGSZ

= (57± 16)∘

result for LHCb 3 fb−1

γLHCb
GGSZ

= (62 −14
+16
)
∘

result for LHCb 1+2 fb−1, LHCb-CONF-2013-004

lower and lower...

DK [arXiv:1408.2748]

[see M.Karbach's talk ]



rB
GGSZ

= (0.088± 0.016) δB
GGSZ

= (128 −12
+11
)
∘

GGSZ
DK , D*K and DK* [PRL 105 (2010) 121801]
DK and D*K [PRD 81 (2010) 112002]

DK [arXiv:1408.2748]

γ
GGSZ

= (67.0 −9.3
+9.4
)
∘

model dep.

(results for DK )

24 obs.



GLW with DCP
(*) K

RCP +=1+rB
2
+2rBcosδBcos γ RCP-=1+rB

2
−2rBcosδBcos γ

ACP +=
+2rBsinδBsin γ

1+rB
2+2rBcosδBcos γ

ACP-=
−2rBsinδBsin γ

1+rB
2−2rBcosδBcos γ

Relation between (RCP+ , RCP- , ACP+ , ACP-) and (γ , rB , δB)

D decays to CP eigenstates

⇒ look for RCP± ≠ 1 and ACP± ≠ 0
⇒ ≠CP, ≠ sign of asymmetry

measured observables:

RCP±≡
Br (B−→DCP±K−) + Br (B+ →DCP±K+ )

Br (B−→D0 K−) + Br (B+ →D0K+ )
ACP±≡

Br (B−→DCP±K− ) − Br (B+ →DCP±K+ )

Br (B−→DCP±K− ) + Br (B+ →DCP±K+ )



GLW observables (predictions vs measurements)
DK [PRD82(2010)072004] , D*K [PRD78(2008)092002] , DK*

[PRDD80(2009)092001]

DK and D*K [arXiv :1301.2033] DK [PLB 712(2012)203, PLB 713 (2012) 351]

+ 22 obs.



GGSZ+GLW
(assuming no DVCP in D→ππ , KK )

γ
GGSZ+GLW

= (70.2 −8.3
+8.2
)
∘

rB
GGSZ+GLW

= (0.096 ± 0.012) δB
GGSZ+GLW

= (121.0 −10.3
+9.2

)
∘

(results for DK )



rate and asymmetry (relative to the common decay):

common

where

Vub

Vcs

Cabibbo
favoured
D decay

Vcs

Vud

Vus

Vcb

Vus

Vcd

doubly -Cabibbo
suppressed D decay

ADS method: γ via the interference in rare B− → [K+ π− ]D K− decays

= rB
2
+ rD

2
+ 2rBrDR cos(δB + δD) cos γ

= 2rBrDR sin(δB + δD) sin γ / RDK



How to get δD and related (charm) hadronic parameters ?

∘ dedicated experiments (CLEO-c, BES III) using quantum correlations ,
running at ψ(3770)

∘ mixing /CPV results from BaBar , Belle , CDF, LHCb...

∘ D→KK , π π : yCP , AΓ (BaBar , Belle, LHCb)

∘ D→KS
0π π : x , y , |q /p|, ϕ (BaBar , Belle)

∘ D→K l ν : RM (BaBar , Belle...)

∘ D→K ππ0: x ' ' , y ' ' (BaBar)
∘ D→K π: x ' , y ' (BaBar , Belle, CDF, LHCb)
∘ ...

∘ CLEO-c: RD , cosδ , sinδ (but also BES III result...)
∘ CLEO-c: RK ππ0 , δK π π0 , RK3 π , δK3π

R f : coherence factor , can take any value from 0 to 1
indicates lack coherence between the intermediate states involved in the decay

∘ CLEO-c /BES III , use external inputs to access the relevant physics parameters
∘ strong phases information in B-factories /LHCb
∘ x , y are also needed for D-mixing corrections in ADS observables

⇒ combine charm observables to obtain γ and mixing /CPV charm parameters

R∓= rB
2 + rD

2 + 2rB rDcos(δB∓γ+δD)

→ R∓
= rB

2
+ rD

2
+ 2rB rDcos (δB∓γ+δD) − y rDcosδD− yrBcos (δB∓γ) + xrDsinδD− x rBsin(δB∓γ)



Charm mixing in D0
→ K+

π
−

Exp RD y' x '2 Σ

(10−3) (10−3) (10−3)

Belle 3.53 ± 0.13 4.6 ± 3.4 +0.09 ± 0.22 5.1
PRL112 (2014 ) 111801

BaBar 3.03 ± 0.19 9.7 ± 5.4 −0.22 ± 0.37 3.9
PRL98 (2007 ) 211802

LHCb 3.57 ± 0.07 4.8 ± 1.0 +0.055 ± 0.049 ?
PRL111 (2013) 251801

CDF 3.51± 0.35 4.3 ± 4.3 +0.08 ± 0.18 6.1
preliminary (2013)

LHCb
CDF
BaBar
Belle

The ratio R (t) of WS D*+→ D0π+ s → K+ π− π+s to RS D*+ → D0π+s → K− π+ π+s
decay rates can be approximated (assuming | x | , | y |<< 1 and no CPV) by :

R ( t) = RD + √RD y
' t +

x '2 +y ' 2

4
t2

DCS to CF ratio mixing rate

x' = xcosδKπ + y sin δKπ
y ' = ycosδK π − x sin δKπ

δK π : strong phase difference
btw DCS and CF amplitudes

[winter 2014 ]

[FPCP 2013 ]

[see M.Charles's talk ]



GGSZ+GLW+ADS: δD
K π = (193−23

+18 )∘ (−77
+34 )

∼ 35 observables
not a great fit (∼ 3σ)

(include K3π , K π π0 info, see next slides)

δD grand combination à la HFAG

8 parameters:
x , y , δD

Kπ , rD , AD , |q |/|p| , ϕ , δD(Kρ)

All charm: δD
K π
= (191.4−11.4

+8.2
)
∘
(−30
+16
)



Comparison of the results obtained for D(*)K with expectations
where ''expectations '' are derived from the GGSZ observables, δD and rD

RADS(DK) = rB
2 + rD

2 + 2rBrDcos (δB+ δD)cos γ
AADS(DK) = 2rBrDsin(δB + δD)sin γ /RADS(DK)

RADS(Dπ
0

* K) = rB
* 2 + rD

2 + 2rB
* rDcos (δB

* + δD)cos γ

AADS(Dπ 0
* K) = 2rB

* rDsin(δB
* + δD)sin γ /RADS(Dπ0

* K)

RADS(Dγ
* K) = rB

* 2 + rD
2 − 2rB

* rDcos (δB
* + δD)cos γ

AADS(Dγ
* K) =−2rB

* rDsin(δB
* + δD)sin γ /RADS(Dγ

* K)

B→DK

B→D* K , D*
→Dπ0

B→D* K , D*
→D γ

DK , D*K [PRD82 (2010) 072006], DK* [PRD80 (2009) 092001]
DK [PRL 106 (2011) 231803] , D*K [arXiv :1301.2033]

DK [PLB 712(2012)203, PLB 713 (2012) 351]



Effect of D-D mixing on γ

∘ M.Rama, arXiv :1307.4384

∘ R∓= rB
2 + rD

2 + 2rBrDcos(δB∓γ+δD)

→ R∓= rB
2 + rD

2 + 2rB rDcos(δB∓γ+δD) − y rDcosδD− y rBcos(δB∓γ) +

xrDsin δD− xrBsin(δB∓γ)

∘ tried on the current LHCb average (DK): ∼ 1 degree difference

∘ (R+ , R− ) instead of (RADS , AADS) whenever available

ADS observables



that we could reproduce earlier
extending the charm fitter (+ Br 's)

[arXiv :0903.4853, N.Lowrey et al ]

K π π0 , K3π from CLEO-c

yields of double- tagged events where one meson decays into K−
π
+
π

0
(or K3π),

and the other meson decays into CP -odd , CP -even and K π

(combined with external inputs : x , y , δD...)

2014 version (currently used in our γ combination):

[see R.Briere's talk ]



K i : fractional yield of D0 decays that fall into bin i

measure by CLEO-c

yields of double- tagged events where one meson decays into K−
π
+
π

0
(or K3π),

and the other meson decays into KS
0
π
+
π
−

K π π0 , K3π from CLEO-c [ J.Libby et al ,arXiv :1401.1904]

K3π charm information is limited:

∘ possible additional inputs from BES III
∘ B factories /LHCb [S.Harnew and J.Rademacker , arXiv :1309.0134]

⇒ will soon include this information



ADS B→D(K3π )K
where ''expectations '' derived from the GGSZ observables , δD , rD and R (for K3π)

D(K3π)K [PLB 723 (2013) 44]

⇒ D(K3π)K LHCb result included in the γ combination



ADS B→D(Kπ π0)K
where ''expectations '' derived from the GGSZ observables , δD , rD and R (for K ππ0

)

DK [PRD 88, 091104(R ) (2013)]

⇒ Belle (and BaBar) D(K ππ0 )K results included in the γ combination

[see J.Libby 's talk ]



GGSZ+GLW+ADS

γ
GGSZ+GLW+ADS

= (71.7 −7.4
+7.1
)
∘

rB
GGSZ+GLW+ADS

= (0.0965 − 0.0063
+0.0062

) δB
GGSZ+GLW+ADS

= (124.6 −7.9
+7.2
)
∘

(results for DK )

+20 obs.



GGSZ versus GLW+ADS (rB(DK ) vs γ , δB(DK ) vs γ)

BaBar

Belle



GGSZ versus GLW+ADS (rB(DK ) vs γ , δB(DK ) vs γ)

LHCb

All



New LHCb results , DK *0 , D→hh (ADS, GLW )

rB(DK *0) = (0.230 −0.045
+0.063 ) [arXiv :1407.8136]

Combining all LHCb γ measurements (GGSZ+GLW+ADS, charged and neutral)

rB(DK *0
) = 0.236 −0.052

+0.043

−∞
+0.12

(3σ)

−0.137
+0.081

(2σ)

[see M.Karbach's talk ]



GGSZ+GLW+ADS
(charged and neutral B decays)

γ = (73.2 −7.0
+6.3
)
∘

(DK parameters)

rB= (0.0970 − 0.0063
+0.0062

) δB= (125.4 −7.8
+7.0
)
∘

rB= (0.119 − 0.019
+0.018

) δB= (−49 −15
+12
)
∘

(D* K parameters)



Conclusion
∘ Combining GGSZ, GLW and ADS observables from charged and

neutral B modes obtained by BaBar , Belle and LHCb experiments

γ = (73.2 −7.0
+6.3 )∘

γ [no direct γ measurements ] = (66.4 −2.5
+1.3
)
∘
[CKMfitter , Moriond 2014]

∘ Next : include D(KSK π)K info (GLS method) from LHCb ?
⇒ include CLEO-c information on charm observables [arXiv:1203.3804]

∘ looking forward for additional /updated γ observables:

− ADS /GLW observables with 3 fb−1 from LHCb
− GGSZ observables from DK *0

− (x± , y±) from D(KSππ)π

− ...

and for charm observables:
− from BES III
− additional information on K3π from LHCb and B-factories
− ...

[CKM2014 , preliminary ]





δD grand combination

δD= (202.6−8.9
+7.6 )∘ (−20

+15 ) (−64
+22 )

Not a great fit...

δD= (203.4−6.9
+6.4)∘ (−15

+13 ) (−35
+20 )

overall: 3.6σ → 3.1σ



New LHCb results , DsK (only 1 fb−1
)

rB(DsK) = (0.57 −0.16
+0.18

)

γ (DsK ) = (123 −39
+26
)

note: would expect a rB≈ 0.3



New LHCb results , DK , D→KSK π
arXiv :1402.2982, 3 fb−1

(not using proper inputs for strong phases/coherence factor )

not yet there...



The r issue...
∘ was relevant for B±→D(*)K± , still is for B±→D(*)π± (charged B)

∘ remember B→D*± π∓ , D*±ρ∓ ?
access sin2β+γ with time-dep analysis

done for D*±
π
∓ by B-factories

with external inputs (BR (B→Ds
*
π)) and SU(3)

∘ could be done in D*±
ρ
∓ and without external inputs (B→VV )

recently revisited the analysis , switched to cartesian coordinates:
{ϕw , rλ , δλ} → { xλ , y λ , xλ , yλ}
on-going analysis at Belle (→ realistic toys)
how to extract ϕw ?
r is small...∼ 0.01 (DCS/CF)

CF

DCS



B→D*±ρ∓

prob plugin constrained
supremum

seems to work ... will pursue the study (r 's plots)





Experiment by experiment

γ = (70 ± 18)∘ γ = (73 −15
+13
)
∘

γ = (74.6 −9.2
+8.4
)
∘

γ = (73.2 −7.0
+6.3
)
∘
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