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• Amplitude analyses of B0 � K+ π− π0 ,  B+ � π+ π− π+ ,  and

B+ � K+ π− π+ to take into account the interferences  
between intermediate states
− Help to understand B decay mechanisms (strong &   
electroweak penguin contributions, strong phases etc.)
− Search for unobserved rare decays

• Search for direct CP violation

Probe the CKM angle 
with measured decay rates and phases 
using SU(3) flavor symmetry       

�Experimental challenge : small branching fraction against
large background from continuum (u, d, s, c) production

MotivationMotivation
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Phys. Rev. D69, 034001 (2004);
Phys. Re. Lett. 26, 2720 (2001).
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Dalitz Plot Method

where Bi(s)     − Blatt-Weisskopf damping form factor;

Ki(DP) − angular (spin-dependent) function;

FR,i(s)   − usually a relativistic Breit-Wigner

with s-dependent width.  
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For B decay to particles 1, 2, 3 with four momenta pB, p1, p2, p3,
respectively, the differential decay width reads

Similar formulation is implied for anti-B decay, with ai, φi

usually expected to be different from ai, φi

� possible to probe γ
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Dalitz Plot Method (2)
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Calculating the observables for the intermediate states (and nonresonant)
•The fractions (fi) and direct CP asymmetries (Ai

CP) are extracted as

•The branching fractions (BFi) and the inclusive BFi
incl :
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where Nsig - total signal yield observed in data, 
ε - the signal efficiency averaged over DP,
NBB - number of BB pairs produced
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Event selection:

Maximum Likelihood Fit
to determine yields and amplitudes (magnitudes & phases) :

�

Quality cuts for tracks and neutrals

�

Particle identification

�

Continuum rejection using event 
shape variables (continuum is jet-like 
while B decay is isotropic)

�

Kinematic signal identification with
mES and ∆E.

Analysis ProcedureAnalysis Procedure
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NoYesDirect CP

Yes (in second fit)YesUse DP

No (<2%, ignored)Yes (with resolution)Misreconstructed signal

NoYesUse ∆E

Yes (in first fit)YesUse mES

B+ � K+ π− π+ , B+ � π+ π− π+ B0 � K+ π− π0Fit Config.
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Preliminary Results
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1230 ± 74
signal events

B+ → K+π−π+

( )0 0 6( ) 34.9 2.1 3.9 10Br B K π π+ − −→ = ± ± ×
( )0 0 0 4( ) 3.2 0.2 0.4 10Br B D π −→ = ± ± ×

B0 → K+π−π0
B+ → π+π−π+

1482±67 
signal events

383±51 
signal events

( ) 6( ) 61.4 2.4 4.5 10Br B K π π+ + − + −→ = ± ± ×
( ) 6( ) 16.2 2.1 1.3 10Br B π π π+ + − + −→ = ± ± ×

continuum
B-bkg

B0 → K+π−π0 : 213×106 BB pairs

B+ → K+π−π+ , π+π−π+ : 182×106 BB pairs

(as crosscheck)
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BB0 0 →→→→→→→→ KK++ππππππππ−−−−−−−−ππππππππ00

79±28

−144±41

8±42

149±35

174±42

0 (Fixed)

phase φ

−0.34±0.15±0.07±0.08−12±4022.5±4.0±7.2K0*(1430)0π0

−0.01+0.24
-0.22±0.07±0.11−160±415.8+1.7

-1.5±0.6K*(892)0π0

−0.07±0.12±0.06±0.05115±3432.2±3.8±9.4K0*(1430)+π−

−0.25±0.17±0.02±0.02138±3510.4+2.1
-2.0±0.8K*(892)+π−

−0.12+0.36
-0.37±0.20±0.0755±287.1+3.6

-2.9±0.1NR

0.13+0.14
-0.17±0.04±0.130 (Fixed)24.6+3.6

-2.9±0.6ρ−(770)K+

ACPphase φfraction(%)

213x106 BB pairs

�

6 components in the nominal fit: see table, with ρ(770)− fixed in fit
6 other resonances considered for systematic studies. �

Relativistic Breit-Wigner lineshapes usually used for resonances. 
Exceptions: 

ρ(770)− uses Gounaris-Sakurai [Phys. Rev. Lett. 21, 244 (1968)]; 
Kπ S-wave (K0*(1430)) uses LASS [Nucl. Phys. B 296, 493 (1988)].
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BB0 0 →→→→→→→→ KK++ππππππππ−−−−−−−−ππππππππ0 0 ResultsResults 213x106 BB pairs

454 ± 24
B0 → D0π0
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D0

K*(892)0π0

4.2σ, syst. incl.

ρ(770)−

K*(892)+

continuum
B-bkg
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49±22±20167.3±6.3±5.70 (Fixed)Phase (o)
8.5±1.9±1.152.6±2.3±4.011.4±2.0±1.5fraction(%)

�(770)0K+K0*(1430)0π+K*(892)0π+

BB+ + →→→→→→→→ KK++ππππππππ−−−−−−−−ππππππππ++ 182x106 BB pairs

29±14±149±19±12−32±18±23Phase (o)
7.9±0.9±2.31.45±0.27±0.2315.0±2.4±1.3fraction(%)

NRχc0K+f0(980)K+

m(K+ππππ−−−−) (GeV/c2) m(ππππ+ππππ−−−−) (GeV/c2)�� � � �� �� �	�

BABAR
preliminary

BABAR
preliminary

Flatte [Phys. Lett. B 63, 224 (1976)]

Veto J/ψ, ψ(2S), D0

K*(892)0

K0*(1430)0 ρ0

f0 (980)
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140±35±1134±22±100 (Fixed)phase (o)
2.0±1.3±2.813.6±2.8±2.058.2±2.9±6.0fraction(%)

f0(980)π+�0(1450)π+�0(770)π+

BB+ + →→→→→→→→ ππππππππ++ππππππππ−−−−−−−−ππππππππ++ 182x106 BB pairs

35±32±11−154±20±10phase (o)
4.2±2.0±1.414.3±2.0±1.8fraction(%)

NRf2(1270)π+

m(ππππ+ππππ+) (GeV/c2)m(ππππ+ππππ−−−−) (GeV/c2)
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Flatte
lineshape

BABAR
preliminary

BABAR
preliminary
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Summary and outlookSummary and outlook
• Charmless three body B decays move to the era of Dalitz

plot analysis. Many branching fractions and ACP have been 
measured simultaneously.

• All results are preliminary. For the previously measured 
intermediate modes, results are in agreement. We also 
see first evidences of

B+→f2(1270)π+, B0→K*(892)0π0

• No direct CP violation is seen in B0 → K+π−π0 decays.
• All results have been presented at ICHEP’04. Details can be 

found in 
hep-ex/0408073  (for B0 → K+π−π0)

hep-ex/0408032  (for B+ → K+π−π+, π+π−π+) 

• Direct CP measurements will be performed for  K+π−π+

and π+π−π+ modes in the near future
• Efforts will be made to probe the angle γ.
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BackupBackup slidesslides
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DIRC ((((PID)
144 quartz 

bars
11000 PMs

1.5T solenoid EMC
6580 CsI(Tl) crystals

Drift Chamber
40 stereo layers

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

Silicon Vertex Tracker  5 
layers, double sided strips

e+ (3.1GeV)

e- (9GeV)

BaBar Detector



14

BB0 0 →→→→→→→→ KK++ππππππππ−−−−−−−−ππππππππ++

B+→ρ0K+

B+→f0(980)K+

B+→K*(892)0π+

B+→K0*(1430)0π+

B+→χc0K+
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