
1

SUPPLEMENTAL MATERIAL

π0 BDT classifier

The BDT classifier used to identify Bsig candidates
is trained using simulated samples consisting of approx-
imately 180 000 true and misreconstructed π0 candi-
dates. These candidates are required to satisfy |Mγγ −
134 MeV/c2| < 27 MeV/c2 and pγγ > 420 MeV/c. The
main background is fake π0 candidates reconstructed
from spurious photons. We use the following nine vari-
ables for training: the energies of both γ candidates;
properties of the ECL cluster of the less energetic γ,
namely, the azimuthal angle, number of hits, E1/E9 and
E9/E21 (the ratios of energy deposited in 1 × 1, 3 × 3,
and 5× 5− 4 (at the corners) square bundle of crystals),
and the MVA output for γ–K0

L separation using Zernike
moments [1]; the helicity angle and the invariant mass of
the π0. Figure 1 shows distributions of the BDT output
for signal and background in an independent test sample.
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FIG. 1: The BDT output, Cπ0 , distributions for signal
and background.

qq suppression

To separate signal events from qq background events,
we train a BDT classifier using approximately 770 000
B0 candidates from signal and qq simulated samples.
We apply the following selections on Btag daughters: at
least 1 CDC hit and p∗ < 3.2 GeV/c for tracks, and
p > 50 MeV/c and p∗ < 3.2 GeV/c for ECL clusters. The
following 29 variables are used as input [1]: the ratio be-
tween the second and zeroth Fox–Wolfram moments; the
cosine of the angle between the thrust axis of Bsig and
Btag; the thrust scalars of Bsig and Btag; the sum of the
magnitudes of the transverse momenta of all the parti-
cles in the event; the missing mass squared of the event,

defined as M2
miss =

(
Ee+e− −

∑
iEi
)2 −∑i |pi|2, where

Ee+e− is the sum of the e+e− beam energies, Ei and pi

are the energy and momentum of particle i, and the sum-
mation of i runs over all particles; 14 Super Fox–Wolfram
moments; and 9 CLEO cones. As the flavor tagging is
optimized for BB events, a high value of r indicates lower
contamination from qq background. To maximize the se-
lection performance, we set different thresholds on the
BDT output for each r-bin. Figure 2 shows distributions
of classifiers for MR1 and MR2 for signal and background
for independent test samples.
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FIG. 2: Distributions of qq suppression BDT outputs
for (a) MR1 and (b) MR2 regions, for signal and
background.

∆t resolution functions

The resolution functions Rsig and RBB are the convo-
lutions of four functions [1],

Rvtx sig ⊗Rvtx tag ⊗RD tag ⊗Rboost, (1)

where Rvtx sig and Rvtx tag are detector resolutions for
Bsig and Btag decay vertices, RD tag represents the bias
due to the secondary decay vertices of intermediate
charm states in Btag decay, and Rboost is the correction to
the boost factors due to the small but nonzero momenta
of the B mesons in the c.m. frame.

The detector resolutions Rvtx sig and Rvtx tag are mod-
eled with the sum of two Gaussian functions:

Rvtx sig (tag)(δ`) =
(
1− ftail

)
G
(
δ`; 0, smainσ`

)
+ftailG

(
δ`; 0, stailσ`

)
, (2)

where δ` and σ` in Rvtx sig (Rvtx tag) are the residual
and the uncertainty of `sig (`tag), G(x;µ, σ) is a Gaus-
sian function with mean µ and standard deviation σ,
ftail is the fraction of the tail component, and smain and
stail are scaling factors for the uncertainty. The parame-
ters ftail and smain in Rvtx sig (smain and stail in Rvtx tag)
are modeled with a linear dependence on (χ2

tracks)
sig or

(χ2/νd.f.)
tag, which are the Bsig vertex fit χ2 calculated

for the K0
S → π+π− tracks and the reduced χ2 for

Btag vertex fit. These dependencies correct for under-
estimated vertex position uncertainty in case a track is
reconstructed using incorrect hits.
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The bias due to the secondary decay vertex RD tag is
modeled by the sum of two exponential functions and a
delta function:

RD tag(δ`tag) = fδδ(δ`tag) + (1− fδ)fpEp(δ`tag; τnpσ`tag)

+(1− fδ)(1− fp)En(δ`tag; τnpσ`tag),

(3)

where Ep and En are one-sided exponential functions,

Ep(x; τ) =
1

τ
exp
(
−x
τ

)
for x > 0, otherwise 0, (4)

En(x; τ) =
1

τ
exp
(

+
x

τ

)
for x ≤ 0, otherwise 0, (5)

and fδ, fp, and τnp are functions of (χ2/νd.f.)
tag or σ`tag .

The boost factor correction Rboost is [1]:

Rboost(∆t−∆ttrue)

=



Ep(∆t− (a∆ttrue

+ ck|∆ttrue|); |ck|τB0) (cos θ∗B > 0)

δ(∆t− a∆ttrue) (cos θ∗B = 0)

En(∆t− (a∆ttrue

+ ck|∆ttrue|); |ck|τB0) (cos θ∗B < 0)

, (6)

where ∆ttrue is the true difference between the proper
decay times of Bsig and Btag, ∆t is calculated with true
`sig and `tag, and

a =
E∗
B

mB0

, ck =
|p∗
B | cos θ∗B
βmB0

, (7)

with mB0 being the nominal B0 mass [1].

In total, we have 17 parameters: two in ftail, two in
smain, and stail for Rvtx sig; ftail, two in smain, and two
in stail for Rvtx tag; and two in fδ, two in fp, and three
in τnp for RD tag. These are all fixed to values obtained
from fitting MC samples.

We model the ∆t PDF for qq background with the sum

of three Gaussian functions:

Pqq
(
∆t;X2, σ∆t

)
=

(
1

2

)[
(1− f2)(1− f3)G

(
∆t; 0, (s0

1 + s1
1X

2)σ∆t

)
+f2(1− f3)G

(
∆t; 0, (s0

2 + s1
2X

2)σ∆t

)
+f3G(∆t; 0, s3σ∆t),

]
(8)

where X2 is the average reduced χ2 and σ∆t is the ∆t
uncertainty:

X2 =
(χ2

tracks)
sig/1.6 + (χ2/νd.f.)

tag

2
, (9)

σ∆t =

√
(σ`sig)2 + (σ`tag)2

βγ
. (10)

The factor of 1.6 in Eq. (9) accounts for the effective
number of degrees of freedom for the K0

S vertex in the
B0 vertex fit. The seven free parameters, namely f2, f3,
s0

1, s1
1, s0

2, s1
2, and s3, are determined from a fit to events

in the Mbc–∆E sideband.
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