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Why is it difficult to measure ?

383x 106 BB
Dalitz’08
Ksππ/KsKK

As of ICHEP’08 γ[D(*)°K(*)- ] =                 CKMFitter WA

⇒ much less precise than α & β CKM angles.

Not all the statistics used by BABAR for the results 
shown here only ~80% (excludes final Run6@2007
Υ(4S) dataset Ntot.~465x106 BB )
⇒ updates expected soon ! (+ final reprocessing).

All of the measurements presented are and will 
be statistics limited.

γ See T. Gershon’s talk

Measurement of γ using direct CP violation (interference [b→c ⇔ b→u] ):
• 3 various B-→D(*)0K(*)- charged decays (no time dependence): DK, D*K, and DK*.
• Size of CPV is limited by the size of |Aub/Acb| amplitudes ratio: 3 r(*)

(s)B  nuisance parameters (~5‐30% ?).

3 methods that need a lot of B mesons:
• GLW: D ≡CP-eigenstate: many modes, but small asymmetry.

• ADS: D ≡DCS: large asymmetry, but very few events.
• GGSZ: D ≡Dalitz: better than a mixture of ADS+GLW ⇒ large asymmetry in some regions, but
strong phases varying other the Dalitz plane.

~

Same D0≡[D0/D0] final state

~
~
~

~
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GLW method : B-→D(*)0[CP-eigenstate]DK(*)-

and observables from B± yields

~

• Theoretically very clean to determine γ
• Relatively small BFs ~10‐6 (including sec. BFs) STATISTICS LIMITED !

⇒ small CP asymmetry (rB)

• Reconstruct D meson in CP-eigenstates (accessible to D0 and D0), & in many 

modes (normalize to D(*)0 flavour state decays (K-π+)):
- CP-even (CP+) ≡ D+ : K+K-, π+π-

- CP-odd (CP-) ≡ D- : K0
Sπ0, K0

Sω[πππ°], K0
Sφ[KK]

Use channels  D*° to D°π°/D°γ and K*- to K°Sπ-

• direct CPV (B+↔B-):• ratio of BFs: (CP eigenstate/flavor  state) (double 
ratios normalized with D(*)°π- for systematic cancellations)

8 fold-ambiguities on γ
weak sensitivity to r²

B<<1
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GLW : B-→ D0
CPK-

PRD 77, 111102(R) (June 2008)

382x106 BB
• Selection based on mES and event shape variables.
• Extended max. likelihood fit to ΔE and Cherenkov angle θC of the prompt track.
• Use of B- D0π- as normalization channel and control sample, and D° mass side-bands..
• No D° K°Sφ mode (GGSZ D° K°SK+K-)

NCP+=239±21
NCP-=235±21
NKπ=1872±51

CP odd

106±14

129±15

B-

B+

CP  even

149±16

90±13

B-

B+

1. Direct CPV at 2.8 σ for CP+ decays
2. Not enough sensitivity to γ, but :
•most precise GLW measurement.
• x± compatible with GGSZ and as precise. 

±stat.±syst.
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GLW : B-→ D*0
CP[ D°π°/γ]K-

arXiv:0807.2408 hep/ex
(July 2008), submitted to PRD

383x106 BB• Selection based on mES and event shape variables.
• Extended max. likelihood fit to ΔE and dE/dx + Cherenkov PID of fast track.
• Use of B- D*0π- as normalization channel and control sample and D° mass side-bands.
• D*0 CP flips for D°π° and D°γ same D° final states (PRD 70, 091503 (2004))

NCP+=244±22
NCP-=225±23
NKπ=1410±57

CP+ 
D*° D°π°
D° KK

CP‐
D*° D°γ
D° KK

CP‐
D*° D°π°
D° KSπ°

CP+
D*° D°γ
D° KSπ°

(K0
Sφ removed for Cartesian coords.) 

±stat.±syst.

1. No Direct CPV seen.

2. Not enough sensitivity to γ, but :
•most precise D*K GLW measurement.
• x*± compatible with GGSZ and as precise, r*B expected large. 
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GLW : B-→ D0
CPK*-[ K°Sπ-]379x106 BB NEW

D0 CP+→K+K-, π+π-

D0 CP-→K0
Sπ0, K0

Sω, K0
Sφ

B+

B-

B-

B+

D0 →flavor K π non-CP
• Selection re-optimized and event shape in Neural Net 
wrt 2005 (higher eff’cy, bkg. rejection, and stat.)

• (peaking)-bkg. from ΔE and mD0 sidebands.

• CP+ pollution for K0
S(K+K )non-φ & K0

S(π+π-π0)non-ω
measured in the data.

• Vary by 2π the δ strong phases from S-wave Kπ pairs
in K*-[K0

Sπ-] decays.

NCP+=68.6±9.2
NCP-=38.5±7.0
NKπ=231±17

±stat.±syst.

1. No Direct CPV seen.
2. Precision improved wrt 2005, results confirmed, 

world’s only measurement. 

31.2±6.2

37.4±6.8

23.0±4.8

15.5±5.2

PRELIMINARY
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2 observables

• ratio of BFs: (Wrong Sign D0→K+π-/Right Sign D0→K-π+)

• direct  ACPV:

good sensitivity to r²
B>r²

D

from B+ ↔ B- direct asymmetry in yield if enough ADS events seen.

ADS method : B-→D(*)0[K+π-]DK(*)-

and observables from B± yields

• Same idea as for GLW, same final state in different D0 [D0/D0] states:

[K+π-]DK- : Doubly-Cabibbo-Suppressed (DCS) decays instead of CP-eigenstate.

• Small BFs(~10‐6), but amplitudes ~ comparable in size: expect larger CPV!

• Count B candidates with opposite sign K !

~

~
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379x106 BB NEWADS : B-→D°[K+π-] K*-[ K°Sπ-]

• 11.5±5.0 WS ADS signal events.

• Accounts for (K0
S π-)non-K* with 

S-waves pairs, directly determined 
from the data.

• Syst.: detector asymmetry, peaking 
bkg., and same final state bkgd.

(K+π-K*- charmless bkg. …).

Right Sign

Wrong Sign WS B+

WS B-

11.5±5.0 evts.

172.8±14.2 evts.

7.7±4.2

3.8±3.4

±stat.±syst.

1. No Direct CPV seen.
2. Better precision wrt 2005 result, 

again unique in the world.

PRELIMINARY
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ADS : status as of CKM’08

With current statistics is not possible to constraint rB with RADS measurements alone 

(and almost nothing for AADS).

C
la

ss
ic

 A
D

S
D

a
lit

z
A

D
S

PRD 76, 111101(R) (2007)

226x106 BB

PRD 72, 032004 (2005)

232x106 BB

675x106 BB pairs (no 
significant ADS signal)

arXiv:0804.2063 [hep/ex] 
(March 2008) sub. to PRD(RC)

379x106 BB

NEW
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379x106 BB NEWGLW/ADS : B-→ D0K*-[ K°Sπ-]
~

My frequentist (CKM-Fitter EPJ,C41,1 (2005)) approach to determine γ and κ.rsB

from  Δχ² toy in ADS/GLW combination for B-→D0K*-[K0
Sπ-]

γ∈ [0,π] & (δD+δsB)∈[0,2π]

∉ [84°,97°] 
(excluded @95% CL)
γ

1σ

2σ 2σ

1σ

κ.rsB in [0.14,0.43] @95% CL

(κ~(0.9±0.1) depending on K* selection, accounts for 

K* natural width and non 2 body D°K°Sπ- B-decays
⇒no assumption (nature, number, strong phase…)
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need Dalitz structure analysis : D°/D° decay amplitudes AD-/+
to separate interferences between resonances ⇒ precise modelization.

m2
± =m2 (K0

S h±)

Dalitz GGSZ : B-→D(*)0[K0
sh+h-]DK(*)-, h=π/K

~

• 2 fold ambiguity : (γ,δB)→(γ+π,δB+π)
•No D0 mixing, nor CPV therein D decays. 

Simultaneous fit to D0 → K0
S h+h- Dalitz plot 

density of B+/B- data yields to extract from
this density difference rB’s, δB’s, and γ

~

• D° → K0
S[π+π-/K+K-] 3-body self conjug. final states accessible through many different decays. Only 

(π/K)±: clean, efficient, and reasonable BF([K0
Sππ]DK-) ≈10‐5 (×10 D°CP,  BF(K0

Sππ)/BF(K0
SKK)~6).

~

×AD+/-

A(B-) = |AB(D0K-)| ×

×AD-/+

m2-

m
2 +

m
2 -D0 D0

m²+

+ rBei(δB - γ)

• schematic view of interference [b→c⇔b→u]:

sensitivity varies strongly over Dalitz plane  
⇒ model + mixture ADS+GLW
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Dalitz GGSZ : B-→D(*)0 [K0
Sh+h-]DK(*)-, h=π/K 

~

• Extract γ from Dalitz-plot distribution of D0 daughters using Cartesian coordinates:

Γ(*)(B-/+)-/+ ∝ |A D-/+|² + r(*)
(s)B

² |A D+/- |² + 

2λ × [x(*)
(s)-/+ Re{A D-/+ A

*
D+/- } + y(*)

(s)-/+ Im{A D-/+ A
*
D+/- }

λ = +1 for B→D°K,D*°[D°π°],D°K*

‐1 for B→D*°[D°γ]K 

• Experimentally:

•AD-/+ determined from high stat./purity cc data control samples:  D*+→D0π+, D0→K0
Sh+h-

⇒New Dalitz models with coherent sum of quasi-2-body amplitudes.
Note: additional phase of D° decays varying over the Dalitz plane (≠ from ADS/GLW): 

model systematic uncertainty on γ… 

• Eff’cy selections improved (+ optimized event shape  treatment).

• max. likelihood fit (mES, ΔE, and evt. shape variable) to extract yields and PDF params. 

+ using B→D(*)0π- and D0a-
1 control samples.

383x106 BBPRD78, 034023 (2008)
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Dalitz analysis : D0/D0→K0
Sh+h-, h=π/K

• K0
Sππ: 10 BW resonances (isobar) for P(dominant)-D waves + K-matrix for ππ (first >4σ evidence !) 

and Kπ (LASS) S-waves (K-matrix formalism deals with broad, overlapping, multi-channels resonances).

• K0
SKK: isobar model used for the first time (K0

Sa0(980) S-wave and K0
Sφ(1020) P-waves dominate).

D
→

K
0

SK
+ K

-
D

→
K

0
Sπ

+ π
- 487k evts

purity:97.7%
χ²/dof≈1.1
fit frac. ~104%

69k evts
purity:99.3%
χ²/dof≈1.1
fit frac. ~152%

data (351 fb‐1)

PRD78, 034023 (2008)
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B-→D(*)0[K0
sh+h-]DK(*)-: yields

~
383x106 BB

600±31 D°K-~ 133±15
D*°[D°π°]K-~

129±16
D*°[D°γ]K-~

D→K0
Sπ+π-

118±18 D°K*-~

980 events D→K0
SK+K-165 events

112±13 D°K-~ 32±7
D*°[D°π°]K-~

21±7
D*°[D°γ]K-~

~1/7 K0
sππ

PRD78, 034023 (2008)

NEW

B- ⇔ B+

differences 
mean CPV

K*(892)

B‐

B+600±31 D°K-~
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Fit results: 12 (3x4) Cartesian coordinates

y± y*± ys±

1,2σ CL contours

B+

B-

B+

B-

B+

B-

D0K-~ D*0K-~ D0K*-~

x± x*± xs±

x-
y-
x+
y+

x*-
y*-
x*+
y*+

xs-
ys-
xs+
ys+

±stat. ±syst.(exp.) ±syst.(Dalitz model)

CPV@2.2 σ CPV@2.5 σ CPV@1.5 σ

|zB+‐zB-|≠0 direct CPV@ 3.0σ combined

z(*)
(s)± ≡(x(*)

(s)± ,y(*)
(s)± )

=( Re ,Im ){r(*)sBei(δ(*)(s)B± γ)}
Almost Gaussian behavior near physical bounds

(rB≈0), better than the 7 physics params. 

383x106 BB

PRD78, 034023 (2008)

rB+

rB-2γ
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(x(*)
(s)± ,y

(*)
(s)± )=( Re ,Im ){r(*)sBei(δ(*) 

(s)B± γ)}

BABAR GLW

BABAR Dalitz

BELLE Dalitz

D
K

D
*K

D
K

*

x+ x- y+

• Similar precision between BABAR and BELLE Dalitz, and BABAR GLW for x±

•Overall good  consistency: GLW helps in reducing uncertainties on γ within a global comb. 

y-

x±=

Cartesian coordinates today world’s Summary Belle: A.Bondar’s talk

383x106 BB

657x106 BB



V. Tisserand, LAPP, CKM08 CKM-angle γ from charged B decays at BABAR 17

Dalitz :      results for B-→D(*)0K(*)-~γ
383x106 BB

PRD78, 034023 (2008)

±tot  {syst. exp., syst. model}

Statistics limited, small rB ~10% favored (limits sensitivity to γ).

rB(DK)=
rB(D*K)=
κrB(DK*)=

γ =

From measured CP parameters: (x±, y±), (x*±, y*±),(xs±, ys±)
perform combined fit to pseudo experiments : frequentist
approach removing unphysical regions (rB +≠rB- …)

• rB, r*B, rsB

•δ B, δ*B, δsB

• γ

extract 1D CL 
intervals

Physics params
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Dalitz for B-→D°[π-π+π°]K-~PRL99, 251801 (2007)

324x106 BB

m²‐

m
²+

Compared to D°[K°Sππ]K-:
• ~1/3 signal rate: (170±29) signal evts.
• larger background and different Dalitz struct. [ρ(770‐1700)π, f0(980‐1710)π… ].

due to significant nonlinear correlations we use polar coordinates, instead 
of Cartesian, (and rB, δB and γ), naturally (decay yields: Γ(B±)∝1+(ρ±)²‐(x0)²) 
defined as:

~

Amplitude structure of the D°

1, 2, 3σ

Extract weak constraints (@ 1σ): 

0.06<rB<0.78, ‐30°<γ<80°,
and ‐27°<δB<78°

Dalitz model dominates for syst.

±stat.±syst.
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Conclusions and perspectives
Measure γ at B-Factories ~ impossible mission few years ago ! … 

Now it’s possible, but we are not yet there to precision era!

Using  direct CPV and interference  in charged B± decays to D(*)0K(*)±:
• 3 clean theoretical methods ~ all the machinery in place ⇒ Dalitz is still the most powerful

• Need much more data/channels (rB) ⇒ wait for much more statistics & update with existing one !
• Need model independent approach for Dalitz (input from CLEO-C) at higher stat.

~

rB(DK)=
rB(D*K)=
κrB(DK*)=

=γ

{1σ, @ 95% C.L.}

Courtesy average from N. Lopez-March, F. Martinez-Vidal

BABAR GGSZ+GLW alone:

direct CPV@ 3.3σ 
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Backup slides
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from interference in charged B-→D(*)0K(*)- decaysγ ~

Same D(*)0≡[ D(*)0/D(*)0 ] final states
~

Atot=Acb+Aub

∝[(1 ± rB ei(δB
- γ))

≡ (1 ± z-)]
(z: Cartesian coordinates
if D°/D° is CP eigenstate)

Vcb

Cabibbo-“favored” 

B-

K(*)-

b c

D(*)0

Acb (D(*)0K(*)-) ∝ λ3

relative strong & weak phases

(Cabibbo & color)-suppressed

Vub

B-

D(*)0b

u

K(*)-

Aub(D(*)0K(*)-) ∝ λ3 e i(δB
‐γ)

rB ≡ |A/A|~ 0.05‐0.30

Size of  CP asymmetry:  rB is the critical parameter

rB small ⇒ small experimental  sensitivity to γ 
(precision  as 1/rB) 

PLB 557, 198(2003)

Cabibbo and color suppression
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Methods to extract in B±→D(*)0K(*)± decaysγ ~

Use of direct CPV in B± [b→c ⇔ b→u] interference

one (δB,rB) pair of NUISANCE parameters  for each 3 DK, D*K or DK* channel 

⇒ 7 unknowns parameters to measure : γ, (δB, rB)DK, (δ*B, r*B)D*K, & (δsB,rsB)DK*

Same D0≡[ D0/D0 ] various final states to enhance the Vub/Vcb interference~

3 theoretically “clean” methods (no penguins, no New Physics):

• D0
CP≡[CP-eigenstate] : GLW

• D0→[K+π-] & D0→[K-π+] (Wrong Sign): ADS

• D0≡[K0
Sπ+π-, K0

SK+K-, π+π-π°] : Dalitz/GGSZ (not just counting). 

PLB253,483(1991)
PLB265,172(1991)

PRL78,3257(1997)
PRD63,036005(2001)

PRL78,3257(1997)
PRD68,054018(2003)

~

~

Neglect D0-D0 mixing and CPV therein (< or ~1%) 
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GLW method : B-→D(*)0[CP-eigenstate]DK(*)-
~

• Theoretically very clean to determine γ (but 8 fold-ambiguities) 

• Relatively small BFs ~10‐6 (including sec. BFs) STATISTICS LIMITED !

⇒ small CP asymmetry (rB=?)

• Reconstruct D meson in CP-eigenstates (accessible to D0 and D0), & in many 

modes (normalize to D(*)0 flavour state decays (K-π+)):
- CP-even (CP+) ≡ D+ : K+K-, π+π-

- CP-odd (CP-) ≡ D- : K0
Sπ0, K0

Sω[πππ°], K0
Sφ[KK]

Use channels  D*° to D°π°/D°γ and K*- to K°Sπ-

(±) ≡ A(B±→DCPK±)
(+) ≡ A(B+→D0K+)
(-) ≡ A(B-→D0K-)

Atot=Acb+Aub Here we plot: ~60°,      ~100°,
and ≡|A/A|~0.25 (very optimistic)

γ δB
rB 

A(B+→D0K+)=A(B-→D0K-)

δB
+γ -γ

(+)

(-)

(+)

(-)

Schematic view:
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GLW : observables and Cartesian coordinates

8 fold ambiguities

3 observables are independent

( ACP+RCP+ = - ACP-RCP- )

and 3 unknowns (rB, γ, δB)

• ratio of BFs:

• direct CPV (B+↔B-):

Let’s define the Cartesian coordinates (x±, y±) = (Re ,Im) z±
(another parametrisation, naturally related to the  decay amplitudes Aub(B±)):

So that:

⇒ Not accessible from GLW observables

weak sensitivity to r²
B<<1
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GLW : B-→ D0
(CP)K- PRD 77, 111102(R) (June 2008)

382x106 BB
• Selection based on mES and event shape variables.
• Extended max. likelihood fit to ΔE and Cherenkov angle θC of the prompt track.
• Use of B- D0π- as normalization channel and control sample, and D° mass side-bands..
• No D° K°Sφ mode (no overlap with GGSZ D° K°SK+K- measurement)
• Accounts for CP+ contamination for KSω(πππ°) from helicity meas. in data, detector charge asymmetry,
DK/Dπ eff’cy ≠, peaking background, PDFs, RCP from double ratio R±/R …

NCP+=239±21
NCP-=235±21
NKπ=1872±51

CP odd

106±14

129±15

B-

B+

CP  even

149±16

90±13

B-

B+

1. Direct CPV at 2.8 σ for CP+ decays

2. Not enough sensitivity to γ, but :
•most precise GLW measurement.
• x± compatible with GGSZ and as precise. 

±stat.±syst.
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GLW : B-→ D*0
(CP)K-, D*° D°π°/γ arXiv:0807.2408 hep/ex

(July 2008), submitted to PRD

383x106 BB• Selection based on mES and event shape variables.
• Extended max. likelihood fit to ΔE and dE/dx + Cherenkov PID of fast track.
• Use of B- D*0π- as normalization channel and control sample and D° mass side-bands.
• D*0 CP flips for D°π° and D°γ same D° final states (PRD 70, 091503 (2004)) 

• Accounts for CP+ contamination for K°Sω(πππ°)& K°Sφ(KK) (S waves), detector charge asymmetry, 
peaking background, PDFs, D*π-/ρ- BFs, π° ⇔ γ cross-feed, RCP from double ratio …

NCP+=244±22
NCP-=225±23
NKπ=1410±57

CP+ 
D*° D°π°
D° KK

CP‐
D*° D°γ
D° KK

CP‐
D*° D°π°
D° KSπ°

CP+
D*° D°γ
D° KSπ°

(K0
Sφ removed for Cartesian coords.) 

±stat.±syst.

1. No Direct CPV seen.

2. Not enough sensitivity to γ, but :
•most precise D*K GLW measurement.
• x*± compatible with GGSZ and as precise, r*B expected high. 
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GLW : status as of CKM08

D
0
K

D
*0

K
D

0
K

*

C
P

+
C

P
-

C
P

-
C

P
-

C
P

+
C

P
+

C
P

+
C

P
-

C
P

-
C

P
-

C
P

+
C

P
+

BABAR has the most precise GLW measurements (Belle uses 275x106 BB wrt 383x106), CDF is a new 
comer since FPCP’08. And DK*- from BABAR with 232x106 BB only…

With current statistics it is not possible to constraint γ with GLW measurements alone, but help 

significantly to improve global constraint on γ and rB. 
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ADS method : B-→D(*)0[K+π-]D K(*)-~

~
• Same idea as for GLW, same final state in different D0 [D0/D0] states:

[K+π-]DK- :Doubly-Cabibbo-Suppressed (DCS) decays instead of CP-eigenstate.

• Small BFs(~10-6), but amplitudes ~ comparable in size: expect larger CPV!

• Count B candidates with opposite sign K !

interference B- D0 K-

K+π-

Favored

Suppressed (Wrong-Sign)

B- D0 K-

K+π-

Favored (Right-Sign)

Suppressed (Vub)

DCS

A (B-→[K+π-]DK-) ∝ rBei(δB-γ)+rDe-iδD

PLB 592,1 (PDG 2004)

δD : D decay strong phase unknown (scan all possible values).

r²
D
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ADS : observables

A (B-→[K+π-]DK-) ∝ rBei(δB-γ)+rDe-iδD

B-→B+⇒ -γ→+γ, K- ↔ K+, K+ ↔ K-

2 observables

• ratio of BFs: (Wrong Sign D0→K+π-/Right Sign D0→K-π+)

• direct  ACPV:

good sensitivity to rB
²

B+ ↔ B- direct asymmetry in yield if enough events seen.
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No significant signal yet
⇒ only (Bayesian) limits on 

RADS and r(*)
B

(using: |cos(δ(*) 
B+δD)cosγ|<1

and upper limits for γ=0°, δ(*) =180°
or γ=180°, δ(*) =0° worst case scenario maximal 

b→c and b→u destructive interference, δ(*)=δD+δ(*)
Β)

D0K-

PRD 72, 032004 (2005)ADS D(*)°[K+π-]K- results

RADS “rB”

D°K <0.029

90% prob

rB <0.23

90% prob

D*°K

<0.023
(D*0→D0π0) 

<0.045
(D*0→D0γ)

90% prob

(r*B)²<(0.16)²

90% prob

+ Bondar & Gershon
PRD70,091503(2004)

D*0[D0π0]K-

D*0[D0γ]K-

232x106 BB
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ADS D°[K+π-π°]K- results

• Similar to previous analyses with DCS D0→K+π-π0

• Complication for γ extraction from |AD|, δD varying across the D0 Dalitz plane

• C is unknown, |C|≤1

• rD
2 = (0.214±0.011)%

• Compared to Kπ: more background but higher BF and smaller rD (better rB sensitivity)

• Similar sensitivity to rB (limit on RADS using |Ccosγ|≤1)

PRL 97, 221803 (2005)

RADS<0.039
(95% prob) rB<0.19

(95% prob)

~No signal yield from fit Experimental RADS
integrated likelihood Bayesian L(rB) (flat rB and 

|Ccosγ| prior PDFs)

PRD 76, 111101(R) (2007)

226x106 BB
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need Dalitz structure analysis : D°/D° decay amplitudes AD-/+
to separate interferences between resonances ⇒ precise modelization.

m2
± =m2 (K0

S h±)

Dalitz GGSZ : B-→D(*)0[K0
sh+h-]DK(*)-, h=π/K

~

• No D0 mixing, nor  CPV in D decays.
• 2 fold ambiguity : (γ,δB)→(γ+π,δB+π)

Simultaneous fit to D0 → K0
S h+h- Dalitz plot 

density of B+/B- data to extract from
this density difference rB’s, δB’s, and γ

~

• D° → K0
S[π+π-/K+K-] 3-body self conjug. final states accessible through many different decays. Only 

(π/K)±: clean, efficient, and reasonable BF([K0
Sππ]DK-) ≈10‐5 (×10 D°CP,  BF(K0

Sππ)/BF(K0
SKK)~6).

~

× AD+/-

A(B-) = |AB(D0K-)| ×

×AD-/+

m2-

m
2 +

m
2 -D0 D0

m²+

+ rBei(δB - γ)

• schematic view of interference (b→c) ⇔ (b→u): B-→B+ - γ→+ γ, m- ↔ m+ , D
0 ↔ D0

sensitivity varies strongly over Dalitz plane  
⇒ model + mixture ADS+GLW
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PRD78, 034023 (2008)
B-→D0[K0

sπ+π-]DK-: Dalitz CPV ?
~

383x106 BB

K*(892)

B- ⇔ B+ differences 
mean CPV

B‐

B+

600±31 D°K-~
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PRD78, 034023 (2008)

383x106 BB

• rB, r*B, rsB

• δB, δ*B, δsB

• γ

3 kinds of decays: 7 unknowns:

Non Gaussian effects + 
biases : low stat. sample
& low sensitivity  near 
physical bound rB~0

Fit parameters B-→D(*)0K(*)-
~

Extraction of CP parameters from multivariable max. 
likelihood simultaneous fit to almost Gaussian and 

uncorrelated Cartesian coordinates 12=(3×4): 
(x±, y±), (x*±, y*±), & (xs±, ys±).

x+/‐

y+/-

d² ≡|zB+‐zB-|²= r²
B++r²

B- -2 rB+rB- cos(2γ)

d≠0 ⇒ size of direct CPV2γ
B-

B+

κ∈[0,1]: accounts for (K0
Sπ-)non-K*-

large natural width bckgd ⇒ no assumptions 
on: nature, number, strong phases …

Gronau PLB557, 198(2003)

for D0K*−
~

(xs± ,ys± )=( Re ,Im ){κ.rsBei(δsB± γ)}

z(*)
(s)± ≡(x(*)

(s)± ,y(*)
(s)± )

=( Re ,Im ){r(*)sBei(δ(*)(s)B± γ)}



V. Tisserand, LAPP, CKM08 CKM-angle γ from charged B decays at BABAR 36



V. Tisserand, LAPP, CKM08 CKM-angle γ from charged B decays at BABAR 37

Neus Lopez‐March  APS08
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•Accounts for unphysical regions (rB+≠rB‐) of parameter space (Feldman‐Cousins)
•1D intervals CL 

Neus Lopez‐March  APS08
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