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BABAR has good p, E resolution, and particle id.
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Drift chamber 40 layers

Silicon vertex tracker 5 layers, 2-sided strips

6580 CsI (Tl) crystalsEM calorimeter

Cherenkov light detector 144 quartz bars, 11000 PMTsRPC / LST flux return (µ, KL)

Solenoid 1.5 T magnetic field

9 GeV

e−

 90% CM coverage
σE

E
= 3%

1 G
eV/c

1 
G

eV

σPT

PT
= 0.6%

Tae Min Hong, UCSB, Hadronic b→c decays at BABAR

3.1GeV

e+



4

 Study of baryonic B decays

B→D(∗)pp̄, D(∗)pp̄π, D(∗)pp̄ππ
few×10−4

π π

D(∗) pp̄B

• Do these br. fractions follow a pattern?
• Do these show interesting decay dynamics?

Decays to D* Body BF (10−4)

3
1.1 ± 0.1

1.0 ± 0.1

4

3.4 ± 0.3

4.8 ± 0.5

No prev. meast.

No prev. meast.
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No prev. meast.

No prev. meast.

No prev. meast.

No prev. meast.

B0→D0pp̄

B0→D∗0pp̄

B0→D+pp̄π−

B0→D∗+pp̄π−
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B−→D∗+pp̄π−π+

B−→D∗0pp̄π−

B−→D0pp̄π−

B0→D∗0pp̄π−π+

B0→D0pp̄π−π+
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Using 455M BB pairs



Instead of m =                 , utilize beam energy

       ΔE =                   &   mES =

5

                   Four modes:                                              B0→D(∗)pp̄, D(∗)pp̄π
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D0 → K−π+
D∗0 → D0π0

D∗+ → D0π+

Show
D+ → K−π+π+

)2 (GeV/cESm
5.22 5.24 5.26 5.28 5.3

 
2

E
v
e
n

ts
 /
 2

 M
e
V

/c

0

50

100

)2 (GeV/cESm
5.22 5.24 5.26 5.28 5.3

 
2

E
v
e
n

ts
 /
 2

 M
e
V

/c

0

50

100

mES (GeV/c2)

100

5.265.24 5.28

50

0

NSIG=
392±21

Ev
ts

 / 
2 

M
eV

/c
2

Δ
E 

(M
eV

)

-50

+50 mES-ΔE scatter plot
BABAR 
prelim.

BABAR 
prelim.

mES (GeV/c2)
5.265.24

100

)2 (GeV/cESm
5.22 5.24 5.26 5.28 5.3

 
2

E
v
e
n

ts
 /
 2

 M
e
V

/c

0

50

100

)2 (GeV/cESm
5.22 5.24 5.26 5.28 5.3

 
2

E
v
e
n

ts
 /
 2

 M
e
V

/c

0

50

100

BABAR 
prelim.

5.28

NSIG=
351±20

50

0

B candidate and beam 
energy difference

Beam-energy-substituted mass

Tae Min Hong, UCSB, Hadronic b→c decays at BABAR

For the study, also reconstruct
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K−π+π0,K−π+π−π+

B0→D∗+pp̄π−

B0→D+pp̄π− B0→D0pp̄B0→D∗0pp̄
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The PEP-II/BaBar B-Factory
Run: 40586
Timestamp: 7f:4fff7fff:2cf985/36e9e1eb:Q
Date Taken: Mon Sep 29 05:08:16.177022000 2003 PDT
Her: 8.995 GeV, LER: 3.110 GeV
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              BABAR event display of
K+π−

B0→D0pp̄



              Six         modes:                    
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NSIG=
61±12
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B−→D∗+pp̄π+π−B0→D∗0pp̄π+π−B−→D+pp̄π−π−B0→D0pp̄π−π−

B−→D∗0pp̄π−B−→D0pp̄π−

B → D(∗)pp̄π, D(∗)pp̄ππ

Peaking background 
from
unique to this mode

B0→D∗+pp̄π−



N-body  Decay  BF±stat±syst (10−4) Nsig

3
 1.02 ± 0.04 ± 0.05 1230
 0.97 ± 0.07 ± 0.08 353

4

 3.32 ± 0.10 ± 0.27 1816
 4.55 ± 0.16 ± 0.37 1371
 3.72 ± 0.11 ± 0.23 1871
 3.73 ± 0.17 ± 0.40 366

5

 2.99 ± 0.21 ± 0.44 3550
 1.91 ± 0.36 ± 0.30 1153
 1.66 ± 0.13 ± 0.27 475
 1.86 ± 0.16 ± 0.19 217
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3 body 4 body 5 body
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1.0
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1.0

B0→D∗0pp̄
B0→D0pp̄

B0→D+pp̄π−

B0→D∗+pp̄π−

B0→D∗0pp̄π−π+
B0→D0pp̄π−π+

B−→D0pp̄π−

B−→D∗0pp̄π−

B−→D∗+pp̄π−π−
B−→D+pp̄π−π−

B0 to D
B0 to D*
B- to D
B- to D*

BF (10−4)

In red are new observations

Why is 4-body BF so large?

Branching fractions

Let’s look at kinematic distributions.
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This column gives the signal sample size

Tae Min Hong, UCSB, Hadronic b→c decays at BABAR



3-body decays
Tae Min Hong, UCSB, Hadronic b→c decays at BABAR

9

16

12

8

20

m
2 (

D
0 p

) 
(G

eV
2 /

c4 )

B
0
→

D
0
pp̄

64 8 10 12
m2(pp) (GeV2/c4)

64 8 10 12
m2(pp) (GeV2/c4)

16

12

8

20

m
2 (

D
*0

p)
 (

G
eV

2 /
c4 )

B
0
→

D
∗0

pp̄

m
2 (D
p) m2(pp)

m
2
(D
p)

D
al

itz
 p

lo
t 

m
ea

ni
ng

pp

BABAR 
prelim.

BABAR 
prelim.

)2) (GeV/cpm(p
2 2.5 3

2
) /

 4
0 

M
eV

/c
-5

B
F 

(1
0

0
0.5

1
1.5

2
2.5

3
3.5

4

m(pp) (GeV/c2)
2.52

BF
(1

0−
5 )

 / 
40

 M
eV

/c
2

3
0

2

1

3

4
BABAR 
prelim.

)2) (GeV/cpm(p
2 2.5 3

2
) /

 4
0 

M
eV

/c
-5

B
F 

(1
0

0

0.5

1

1.5

2

m(pp) (GeV/c2)
2.52

BF
(1

0−
5 )

 / 
40

 M
eV

/c
2

3
0

1

2 BABAR 
prelim.

)2) (GeV/cpm(p
2 2.5 3

2
) /

 4
0 

M
eV

/c
-5

B
F 

(1
0

0
0.5

1
1.5

2
2.5

3
3.5

4

m(pp) (GeV/c2)
2.52

BF
(1

0−
5 )

 / 
40

 M
eV

/c
2

3
0

2

1

3

4 BABAR 
prelim.

)2) (GeV/cpm(p
2 2.5 3

2
) /

 8
0 

M
eV

/c
-5

B
F 

(1
0

0

1

2

3

4

m(pp) (GeV/c2)
2.52

BF
(1

0−
5 )

 / 
80

 M
eV

/c
2

3
0

2

1

3

4 BABAR 
prelim.

5-body decays

This and other 5-body distributions are 
similar to phase space expectations.

Phase 
space

Both 3-body show 
2 enhancements

D
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Proton
Antiproton

D meson
B meson

Density of points

↓

|Matrix element| 2

B−→D∗+pp̄π+π−B0→D∗0pp̄π+π−

B−→D+pp̄π−π−B0→D0pp̄π−π−



Fit opposite-sign sample with
Background pdf + floating B-W

)2) (GeV/c-!m(p

1 1.5 2 2.5

2
E

v
e

n
ts

 /
 1

0
 M

e
V

/c

0

10

20

30

40

50

60

70

)2) (GeV/c-!m(p

1 1.5 2 2.5

2
E

v
e

n
ts

 /
 1

0
 M

e
V

/c

0

10

20

30

40

50

60

70

)2) (GeV/c-!m(p

1 1.5 2 2.5

2
E

v
e

n
ts

 /
 1

0
 M

e
V

/c

0

10

20

30

40

50

60

70

1.4 1.60

20

40

60

1.4 1.60

20

40

60

m(pπ−) (GeV/c2)
1.51

Ev
en

ts
 / 

10
 M

eV
/c

2

20

20

2.5

40

60

Opposite-sign fit

BABAR 
prelim.

Stat. signif.

Mass

Width

√2ΔL = 8.6
1494±  4±  2
    51±18±12

MeV/c 2
syststat

Opposite-sign

Like-sign

2.5

                       4-body decay

Use like-sign sample to get
Background pdf only

Fit opposite-sign sample with
Background pdf + 4 known N*

Detector resolution < 4 MeV/c2

Scaled MES-ΔE sideband
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Much wider than resol’n.

B0→D+ p p̄ π−
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DJ states test HQET predictions 

JP allows                 , not     ,

       not yet confirmed in PDG

11

 BF & Dalitz plot study 
 of 0.1%B
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π
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B−→D+π−π−

K−π+π+
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0,2→Dπ D1 D′

1
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(89)
Neubert.....
PR 245 259
 (94)
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0.21)% is the branching fraction for D+ → K−π+π+ [5,
34], and the total number of B+B− events, N(B+B−) =
(197.2±3.1)×106, is determined using NBB and the ratio
of Γ(Υ(4S) → B+B−)/Γ(Υ(4S) → B0B̄0) (= 1.065 ±
0.026) [5].

Since the reconstruction efficiencies vary slightly for
different resonances, the average efficiency is calculated
by weighing the accepted and generated events by S(x, y)
with the values for the parameters of our nominal Dalitz
plot model (discussed below):

ε̄ =
∑Nacc

i=1 S(xi, yi) × wi
∑Ngen

j=1 S(xj , yj)
, (32)

where wi is the correction factor which depends on x
and y due to particle identification efficiency. The value
ε̄ = (8.72 ± 0.05)% is obtained using this method.

The measured total branching fraction is B(B− →
D+π−π−) = (1.08± 0.01)× 10−3, where the stated error
refers to the statistical uncertainty only. A full discussion
of the systematic uncertainties follows below.

B. Dalitz plot analysis results

The Dalitz plot distribution for data is shown in Fig.
10. Since the composition of events in the Dalitz plot
and their distributions are not known a priori, we have
tried a variety of different assumptions. In particular, we
test the inclusion of various components, such as the vir-
tual D∗

v and B∗
v as well as S-, P- and D-wave modeling of

the nonresonant component, in addition to the expected
components of D∗0

2 , D∗0
0 and background. The D-wave

nonresonant term does not improve the goodness-of-fit
and the fraction of D-wave nonresonant contribution is
close to 0. The results of these tests with variations of
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FIG. 10: Data Dalitz Plot for B− → D+π−π−.

the models are summarized in Table II. Of these models,
model 1 produces the best fit quality with the smallest
number of components, and we choose it as the nominal
fit model. The components considered in this fit model
are D∗0

2 , D∗0
0 , D∗

v , B∗
v and P-wave nonresonant. The
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                                       BF & Dalitz plot analysisB−→D+π−π−

Branching fraction analysis

Dalitz plot analysis

Use 2-D isobar model for signal B

M =
∑

Res

eiφR +
∑

Nonres

eiϕN

Nonresonant
B signal

Ev
ts

 / 
10

 M
eV

1000

1500

500

0

8

E (GeV)!

-0.1 -0.05 0 0.05 0.1

E
v

e
n

ts
 /

 (
 0

.0
1

 G
e
V

 )

0

500

1000

1500

E (GeV)!

-0.1 -0.05 0 0.05 0.1

E
v

e
n

ts
 /

 (
 0

.0
1

 G
e
V

 )

0

500

1000

1500

FIG. 3: ∆E distribution for D+π−π− candidates. Data
(points with statistical errors) are compared to the results of
the fit (solid curve), with the background distribution marked
as a dashed line. The histogram is the ∆E distribution of the
background MC sample as described in the text. The three
shaded regions mark the signal in the center and the two side-
bands.

misidentified as a signal π−. The background histogram
in Fig. 3 is fitted with a sum of two Gaussian functions
with a common mean for the peaking background, with
parameters fixed to those obtained from the fit to data,
and a linear function to describe the combinatorial back-
ground. The amount of peaking background is estimated
at 82 ± 41 events. After peaking background subtrac-
tion, the number of signal events above background is
Nsignal = 3414 ± 85. The background fraction in the
signal region is (30.4 ± 1.1)%.

IV. DALITZ PLOT ANALYSIS

We refit the D+ and B− candidate momenta by con-
straining the trajectories of the three daughters of the B−

meson candidate to originate from a common decay ver-
tex while constraining the invariant masses of K−π+π+

and D+π−π− to the D+ and B− masses [5], respectively.
The mass-constraints ensure that all events fall within
the Dalitz plot boundary.

In the decay of a B− into a final state composed
of three pseudo-scalar particles (D+π−π−), two degrees
of freedom are required to describe the decay kinemat-
ics. In this analysis we choose the two Dπ invariant
mass-squared combinations x = m2(D+π−

1 ) and y =
m2(D+π−

2 ) as the independent variables, where the two
like-sign pions π−

1 and π−
2 are randomly assigned to x and

y. This has no effect on our analysis since the likelihood
function (described below) is explicitly symmetrized with
respect to interchange of the two identical particles.

The differential decay rate is generally given in terms
of the Lorentz-invariant matrix element M by

dΓ
dxdy

=
|M|2

256π3m3
B

, (3)

where mB is the B meson mass. The Dalitz plot gives
a graphical representation of the variation of the square
of the matrix element, |M|2, over the kinematically ac-
cessible phase space (x,y) of the process. Non-uniformity
in the Dalitz plot can indicate presence of intermediate
resonances, and their masses and spin quantum numbers
can be determined.

A. Probability Density Function

We describe the distribution of candidate events in the
Dalitz plot in terms of a probability density function
(PDF). The PDF is the sum of signal and background
components and has the form:

PDF(x, y) = fbg
B(x, y)∫

DP B(x, y)dxdy

+ (1 − fbg)
[S(x, y) ⊗R] ε(x, y)∫

DP [S(x, y) ⊗R] ε(x, y)dxdy
,

(4)

where the integral is performed over the whole Dalitz
plot, B(x, y) and S(x, y) are the background and sig-
nal terms, respectively, fbg is the fraction of background
events, ε is the reconstruction efficiency, and R is the
signal resolution function.

An unbinned maximum likelihood fit to the Dalitz plot
is performed in order to maximize the value of

L =
Nevent∏

i=1

PDF(xi, yi) (5)

with respect to the parameters used to describe S, where
xi and yi are the values of x and y for event i respectively,
and Nevent is the number of events in the Dalitz plot. In
practice, the negative-log-likelihood (NLL) value

NLL = − lnL (6)

is minimized in the fit.

B. Goodness-of-fit

The goodness-of-fit is estimated using a two-
dimensional histogram of cos θ (range from -1 to 1) versus
m2

min(Dπ) (range from 4.04 to 15.23 GeV/c2), where the
parameter θ is the helicity angle of the Dπ system and
m2

min(Dπ) is the lesser of x and y. The helicity angle θ
is defined as the angle between the momentum vector of
the bachelor pion and that of the pion of the Dπ system
in the Dπ rest-frame. The χ2 value is calculated using
the formula

χ2 =
∑

i

χ2
i =

ntotal∑

i=1

(Ncelli − Nfiti)2

Nfiti
, (7)
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FIG. 12: Result of the nominal fit to the data: the cos θ
distributions for (a) 4.5 < m2(Dπ) < 5.5GeV/c2 region and
(b) 5.9 < m2(Dπ) < 6.2GeV/c2 region. The points with
error bars are data, the solid curves represent the nominal fit.
The dashed, dash-dotted and dotted curves in (a) show the
fit of hypotheses 2-4 in Table III, respectively. The shaded
histograms show the cos θ distributions from ∆E sidebands
in data.

P-wave nonresonant component is in addition to the fit
model used in the previous measurement from Belle [12].
The sum of the fractions (115 ± 5)% for the nominal
fit differs from 100% because of destructive interferences
among the amplitudes. The χ2/NDF for the nominal fit
is 215/150. There are four cells having χ2 > 7 in the two-
dimensional histogram of cos θ versus m2

min(Dπ), which
inflate the overall χ2. The central points of these cells are:
(6.83,−0.722), (6.83,−0.611), (6.83, 0.5), (8.08,−0.722),
where the first value is m2

min(Dπ), and the second value
is cos θ. In order to test the effect of these cells, we re-
peat the nominal fit with these cells excluded from the
fit and determine that the effect on the fitted parameters
is much smaller than their statistical uncertainties. The
fit gives χ2/NDF = 176/146, correspond to a probability
of 4.6%. The differences in the fitted parameters, when
including and excluding these cells, are included in the
systematic uncertainties.

The nominal fit model results in the following branch-

ing fractions: B(B− → D∗0
2 π−) × B(D∗0

2 → D+π−) =
(3.5 ± 0.1) × 10−4 and B(B− → D∗0

0 π−) × B(D∗0
0 →

D+π−) = (6.8±0.3)×10−4, where the errors are statisti-
cal only. A full discussion of the systematic uncertainties
follows below.

Fig. 11a, 11b and 11c show the m2
min(Dπ), m2

max(Dπ)
and m2(ππ) projections respectively, while Fig. 12a and
12b show the cos θ distributions for the D∗0

0 and D∗0
2

mass regions, respectively. The distributions in Fig. 11
and 12 show good agreement between the data and the
fit. The angular distribution in the D∗0

2 mass region is
clearly visible and is consistent with the expected D-wave
distribution of | cos2 θ − 1/3 |2 for a spin-2 state. In
addition, the D∗0

0 signal and the reflection of D∗0
2 can

be easily distinguished in the m2
min(Dπ) and m2

max(Dπ)
projection, respectively. The lower edge of m2

min(Dπ)
is better described with D∗

v component included than
without.

Table III shows the NLL and χ2/NDF values for the
nominal fit and for the fits with the broad resonance D∗0

0
excluded or with the JP of the broad resonance replaced
by other quantum numbers. In all cases, the NLL and
χ2/NDF values are significantly worse than that of the
nominal fit. Fig. 12a illustrates the helicity distributions
in the D∗0

0 mass region from hypotheses 2-4; clearly the
nominal fit gives the best description of the data. We
conclude that a broad spin-0 state D∗0

0 is required in the
fit to the data.

VI. SYSTEMATIC UNCERTAINTIES

A. Uncertainties on B(B− → D+π−π−)

As listed in Table IV, the systematic error on the mea-
surement of the total B− → D+π−π− branching fraction
is due to the uncertainties on the following quantities:
the number of B+B− events in the initial sample, the
charged track reconstruction and identification efficien-
cies, and the D+ → K−π+π+ branching fraction. The
uncertainty in the ∆E background shape, the uncertainty
in the average efficiency due to the fit models and a pos-
sible fit bias also contribute to the systematic error.

The uncertainty on the number of B+B− events
is determined using the uncertainties on Γ(Υ(4S) →
B+B−)/Γ(Υ(4S) → B0B̄0) [5] and integrated luminos-
ity (1.1%). The uncertainty on the input D+ branching
fraction is taken from [34]. The uncertainty in the ∆E
background shape is estimated by comparing the signal
yields between fitting the ∆E distribution with a lin-
ear background shape and with higher-order (second and
third-order) polynomials. The uncertainty in the fit mod-
els is estimated by comparing the average efficiencies in
Eq. (32) using Models 2-5 of Table II. The fit bias is es-
timated to be less than 1% by comparing the generated
and the fitted value of B(B− → D+π−π−) from resonant
and continuum MC.

100

50

0
10−1

150

−0.5

14

!cos 

-1 -0.5 0 0.5 1

E
v
e
n
t
s
/
b
i
n

20

40

60

80

100

!cos 

-1 -0.5 0 0.5 1

E
v
e
n
t
s
/
b
i
n

0

50

100

150

(a)

(b)

FIG. 12: Result of the nominal fit to the data: the cos θ
distributions for (a) 4.5 < m2(Dπ) < 5.5GeV/c2 region and
(b) 5.9 < m2(Dπ) < 6.2GeV/c2 region. The points with
error bars are data, the solid curves represent the nominal fit.
The dashed, dash-dotted and dotted curves in (a) show the
fit of hypotheses 2-4 in Table III, respectively. The shaded
histograms show the cos θ distributions from ∆E sidebands
in data.

P-wave nonresonant component is in addition to the fit
model used in the previous measurement from Belle [12].
The sum of the fractions (115 ± 5)% for the nominal
fit differs from 100% because of destructive interferences
among the amplitudes. The χ2/NDF for the nominal fit
is 215/150. There are four cells having χ2 > 7 in the two-
dimensional histogram of cos θ versus m2

min(Dπ), which
inflate the overall χ2. The central points of these cells are:
(6.83,−0.722), (6.83,−0.611), (6.83, 0.5), (8.08,−0.722),
where the first value is m2

min(Dπ), and the second value
is cos θ. In order to test the effect of these cells, we re-
peat the nominal fit with these cells excluded from the
fit and determine that the effect on the fitted parameters
is much smaller than their statistical uncertainties. The
fit gives χ2/NDF = 176/146, correspond to a probability
of 4.6%. The differences in the fitted parameters, when
including and excluding these cells, are included in the
systematic uncertainties.

The nominal fit model results in the following branch-

ing fractions: B(B− → D∗0
2 π−) × B(D∗0

2 → D+π−) =
(3.5 ± 0.1) × 10−4 and B(B− → D∗0

0 π−) × B(D∗0
0 →

D+π−) = (6.8±0.3)×10−4, where the errors are statisti-
cal only. A full discussion of the systematic uncertainties
follows below.

Fig. 11a, 11b and 11c show the m2
min(Dπ), m2

max(Dπ)
and m2(ππ) projections respectively, while Fig. 12a and
12b show the cos θ distributions for the D∗0

0 and D∗0
2

mass regions, respectively. The distributions in Fig. 11
and 12 show good agreement between the data and the
fit. The angular distribution in the D∗0

2 mass region is
clearly visible and is consistent with the expected D-wave
distribution of | cos2 θ − 1/3 |2 for a spin-2 state. In
addition, the D∗0

0 signal and the reflection of D∗0
2 can

be easily distinguished in the m2
min(Dπ) and m2

max(Dπ)
projection, respectively. The lower edge of m2

min(Dπ)
is better described with D∗

v component included than
without.

Table III shows the NLL and χ2/NDF values for the
nominal fit and for the fits with the broad resonance D∗0

0
excluded or with the JP of the broad resonance replaced
by other quantum numbers. In all cases, the NLL and
χ2/NDF values are significantly worse than that of the
nominal fit. Fig. 12a illustrates the helicity distributions
in the D∗0

0 mass region from hypotheses 2-4; clearly the
nominal fit gives the best description of the data. We
conclude that a broad spin-0 state D∗0

0 is required in the
fit to the data.

VI. SYSTEMATIC UNCERTAINTIES

A. Uncertainties on B(B− → D+π−π−)

As listed in Table IV, the systematic error on the mea-
surement of the total B− → D+π−π− branching fraction
is due to the uncertainties on the following quantities:
the number of B+B− events in the initial sample, the
charged track reconstruction and identification efficien-
cies, and the D+ → K−π+π+ branching fraction. The
uncertainty in the ∆E background shape, the uncertainty
in the average efficiency due to the fit models and a pos-
sible fit bias also contribute to the systematic error.

The uncertainty on the number of B+B− events
is determined using the uncertainties on Γ(Υ(4S) →
B+B−)/Γ(Υ(4S) → B0B̄0) [5] and integrated luminos-
ity (1.1%). The uncertainty on the input D+ branching
fraction is taken from [34]. The uncertainty in the ∆E
background shape is estimated by comparing the signal
yields between fitting the ∆E distribution with a lin-
ear background shape and with higher-order (second and
third-order) polynomials. The uncertainty in the fit mod-
els is estimated by comparing the average efficiencies in
Eq. (32) using Models 2-5 of Table II. The fit bias is es-
timated to be less than 1% by comparing the generated
and the fitted value of B(B− → D+π−π−) from resonant
and continuum MC.

cosθπ

100

60

80

40

20
10−1 −0.5

Ev
ts

 / 
12

5 
(G

eV
/c

2 )
2

13

0.21)% is the branching fraction for D+ → K−π+π+ [5,
34], and the total number of B+B− events, N(B+B−) =
(197.2±3.1)×106, is determined using NBB and the ratio
of Γ(Υ(4S) → B+B−)/Γ(Υ(4S) → B0B̄0) (= 1.065 ±
0.026) [5].

Since the reconstruction efficiencies vary slightly for
different resonances, the average efficiency is calculated
by weighing the accepted and generated events by S(x, y)
with the values for the parameters of our nominal Dalitz
plot model (discussed below):

ε̄ =
∑Nacc

i=1 S(xi, yi) × wi
∑Ngen

j=1 S(xj , yj)
, (32)

where wi is the correction factor which depends on x
and y due to particle identification efficiency. The value
ε̄ = (8.72 ± 0.05)% is obtained using this method.

The measured total branching fraction is B(B− →
D+π−π−) = (1.08± 0.01)× 10−3, where the stated error
refers to the statistical uncertainty only. A full discussion
of the systematic uncertainties follows below.

B. Dalitz plot analysis results

The Dalitz plot distribution for data is shown in Fig.
10. Since the composition of events in the Dalitz plot
and their distributions are not known a priori, we have
tried a variety of different assumptions. In particular, we
test the inclusion of various components, such as the vir-
tual D∗

v and B∗
v as well as S-, P- and D-wave modeling of

the nonresonant component, in addition to the expected
components of D∗0

2 , D∗0
0 and background. The D-wave

nonresonant term does not improve the goodness-of-fit
and the fraction of D-wave nonresonant contribution is
close to 0. The results of these tests with variations of
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FIG. 10: Data Dalitz Plot for B− → D+π−π−.

the models are summarized in Table II. Of these models,
model 1 produces the best fit quality with the smallest
number of components, and we choose it as the nominal
fit model. The components considered in this fit model
are D∗0

2 , D∗0
0 , D∗

v , B∗
v and P-wave nonresonant. The
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FIG. 11: Result of the nominal fit to the data: projections
on (a) m2

min(Dπ), (b) m2
max(Dπ) and (c) m2(ππ). The points

with error bars are data, the solid curves represent the nom-
inal fit. The shaded areas show the D∗0

2 contribution, the
dashed curves show the D∗0

0 signal, the dash-dotted curves
show the D∗

v and B∗
v signals, and the dotted curves show the

background.
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0.21)% is the branching fraction for D+ → K−π+π+ [5,
34], and the total number of B+B− events, N(B+B−) =
(197.2±3.1)×106, is determined using NBB and the ratio
of Γ(Υ(4S) → B+B−)/Γ(Υ(4S) → B0B̄0) (= 1.065 ±
0.026) [5].

Since the reconstruction efficiencies vary slightly for
different resonances, the average efficiency is calculated
by weighing the accepted and generated events by S(x, y)
with the values for the parameters of our nominal Dalitz
plot model (discussed below):

ε̄ =
∑Nacc

i=1 S(xi, yi) × wi
∑Ngen

j=1 S(xj , yj)
, (32)

where wi is the correction factor which depends on x
and y due to particle identification efficiency. The value
ε̄ = (8.72 ± 0.05)% is obtained using this method.

The measured total branching fraction is B(B− →
D+π−π−) = (1.08± 0.01)× 10−3, where the stated error
refers to the statistical uncertainty only. A full discussion
of the systematic uncertainties follows below.

B. Dalitz plot analysis results

The Dalitz plot distribution for data is shown in Fig.
10. Since the composition of events in the Dalitz plot
and their distributions are not known a priori, we have
tried a variety of different assumptions. In particular, we
test the inclusion of various components, such as the vir-
tual D∗
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the nonresonant component, in addition to the expected
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the models are summarized in Table II. Of these models,
model 1 produces the best fit quality with the smallest
number of components, and we choose it as the nominal
fit model. The components considered in this fit model
are D∗0

2 , D∗0
0 , D∗
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inal fit. The shaded areas show the D∗0

2 contribution, the
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