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Figure C.73: Fit projections onto mπ±π0 of B0 → ρ±π∓π0 decays for the component − onto
two different slices of the helicity distribution. The black points show simulated MC events
and the solid line shows the fit result. The residuals are given beneath each distribution.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 -0.00 0.01 0.03 0.01 -0.08 -0.04 -0.01
Mbc 1 -0.02 -0.04 0.05 0.04 0.03 -0.01
m1

π+π− 1 -0.00 -0.05 -0.04 0.00 0.00
m2

π+π− 1 -0.02 -0.05 0.02 0.02
FBB̄/qq̄ 1 0.03 -0.00 -0.02
cos θ1H 1 -0.10 -0.03
cos θ2H 1 -0.00
∆t 1

Table C.34: Correlation matrix for B → ρ−π+π0 decays.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 -0.00 -0.06 -0.02 0.05 0.01 -0.01 -0.01
Mbc 1 0.04 0.04 0.06 0.07 0.02 -0.02
m1

π+π− 1 0.03 0.02 -0.03 0.07 -0.03
m2

π+π− 1 -0.01 0.01 0.01 0.01
FBB̄/qq̄ 1 0.04 0.03 -0.03
cos θ1H 1 -0.50 0.02
cos θ2H 1 -0.02
∆t 1

Table C.35: Correlation matrix for mis-reconstructed B → ρ±π∓π0 decays.
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Figure C.74: Fit projections ontomπ+π0−mπ−π0 of B0 → ρ±π∓π0 decays for the components
± (left) and 0. The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution.
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Figure C.75: Fit projections onto cos θ+H−cos θ−H of B0 → ρ±π∓π0 decays for the components
± (left) and 0. The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution.
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Figure C.76: Full projections onto ∆E and Mbc of B0 → ρ±π∓π0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.77: Full projections onto FBB̄/qq̄ and the r-bin fractions of B0 → ρ±π∓π0 decays.
The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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Figure C.78: Full projections onto mπ+π0 − mπ−π0 of B0 → ρ±π∓π0 decays. The black
points show simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution.
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Figure C.79: Full projections onto cos θ+H − cos θ−H of B0 → ρ±π∓π0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.80: Full projections onto ∆t of B0 → ρ±π∓π0 decays for q = +1 (left) and q = −1.
The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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C.2.4 Model For B0 → ρ0π0π0 And B0 → f0π
0π0 Decays

Both components are parametrized with similar PDFs, the subscript ρ0π0π0 has to be sub-
stituted with f0π

0π0 to obtain the PDF for B0 → f0π
0π0 decays. The agreement between

the distributions of both decays is good enough to safely neglect B0 → f0π
0π0 in the fit.

The expected yield is less then 24 events when we conservatively assume the branching
fraction to be the measured upper limit of its isospin partner decay B0 → f0π

+π−, with
B(B0 → f0π

+π−) < 3× 10−6 [5].
The ∆E, Mbc and FBB̄/qq̄ distributions are described as mentioned in Appendix C.2, the
projections onto them for both decays are shown in Figs. C.81 and C.82 and Figs. C.86
and C.87. The projections onto the remaining distributions are shown in Figs. C.83 to C.85
and Figs. C.88 to C.90. The PDF for the mass distribution is take to be the product of a
sum of a second and third order Chebychev polynomial for each dipion mass

Pρ0π0π0(mπ±π0) ≡
3

∑

i=2

ciCi(mπ±π0). (C.56)

The helicity PDF is taken to be a two-dimensional histogram

Pρ0π0π0(cos θ+H , cos θ
−
H) ≡ H(cos θ+H , cos θ

−
H). (C.57)

Because the π0 momenta are usually higher then those of the charged ρ0 daughters, the
helicity angles peak at cos θH = +1.
∆t is modeled according to Eq. (4.19) with an effective life time, τ effρ0π0π0 = (1.23± 0.02) ps.
The correlations between the fit variables are listed in Tables C.36 and C.37 and the full
PDF for B0 → ρ0π0π0 decays takes the form

Pρ0π0π0(∆E,Mbc,mπ+π0 ,mπ−π0 , cos θ+H , cos θ
−
H ,FBB̄/qq̄,∆t, q) =

Pρ0π0π0(∆E)× Pρ0π0π0(Mbc)× Pρ0π0π0(mπ+π0)× Pρ0π0π0(mπ−π0)

Pρ0π0π0(cos θ+H , cos θ
−
H)× Pk

ρ0π0π0(FBB̄/qq̄)× Pρ0π0π0(∆t, q). (C.58)
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Figure C.81: Full projections onto ∆E and Mbc of B0 → ρ0π0π0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.82: Full projections onto FBB̄/qq̄ and the r-bin fractions of B0 → ρ0π0π0 decays.
The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 -0.01 -0.00 0.00 0.02 -0.04 -0.05 0.01
Mbc 1 0.06 0.04 0.03 0.06 0.09 0.00
m1

π+π− 1 -0.02 -0.01 0.04 -0.09 0.00
m2

π+π− 1 -0.03 -0.10 0.04 -0.01
FBB̄/qq̄ 1 0.02 0.06 0.00
cos θ1H 1 -0.47 -0.01
cos θ2H 1 0.02
∆t 1

Table C.36: Correlation matrix for B0 → ρ0π0π0 decays.
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Figure C.83: Full projections onto mπ+π0 −mπ−π0 of B0 → ρ0π0π0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.84: Full projections onto cos θ+H − cos θ−H of B0 → ρ0π0π0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.85: Full projections onto ∆t of B0 → ρ0π0π0 decays for q = +1 (left) and q = −1.
The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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Figs. C.86 to C.90 shows the distributions for B0 → f0π
0π0 decays and Table C.37 the

parameter correlations.
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Figure C.86: Full projections onto ∆E and Mbc of B0 → f0π
0π0 decays. The black points

show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.87: Full projections onto FBB̄/qq̄ and the r-bin fractions of B0 → f0π
0π0 decays.

The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 -0.05 -0.01 -0.03 0.02 -0.06 -0.04 -0.01
Mbc 1 0.04 0.03 0.07 0.04 0.06 -0.05
m1

π+π− 1 0.01 -0.02 0.03 -0.09 -0.02
m2

π+π− 1 0.02 -0.07 -0.02 -0.01
FBB̄/qq̄ 1 -0.01 0.05 0.01
cos θ1H 1 -0.55 0.01
cos θ2H 1 -0.01
∆t 1

Table C.37: Correlation matrix for B0 → f0π
0π0 decays.
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Figure C.88: Full projections onto mπ+π0 −mπ−π0 of B0 → f0π
0π0 decays. The black points

show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.89: Full projections onto cos θ+H − cos θ−H of B0 → f0π
0π0 decays. The black points

show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.90: Full projections onto ∆t of B0 → f0π
0π0 decays for q = +1 (left) and q = −1.

The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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C.2.5 Model For B0 → ωπ0 Decays

Previous measurements of the mode B0 → ωπ0 yield in an upper limit of 5×10−7 [45], which
corresponds to an expected number of one event. Hence we fix this mode, and remove the
event for the evaluation of an associated uncertainty. The model has a similar description
of the FBB̄/qq̄ and ∆t, q distributions as the previous four-pion backgrounds, while the ∆E
and Mbc distributions show a clear difference. Because only one π±π0 pair makes it into the
mass region, all four pions are never correctly reconstruct to a B meson. Ergo, this mode is
actually a non-peaking four-pion final state and the ∆E,Mbc distributions are described by
the PDFs for combinatorial background (see Eqs. (C.3) and (C.4)).
The two ρ-masses are depending on the helicity angles via

Pωπ0(m1,m2| cos θ+H , cos θ−H) = (G(m1) + c1C1(m1))×
3

∑

i=1

ciCi(m2), (C.59)

where m1 = mπ+π0 ,m2 = mπ−π0 if cos θ−H > cos θ+H and m1 = mπ−π0 ,m2 = mπ+π0 else. Two
of the three pion daughters of the ω still result in a broad peak, shifted to the left of the ω
mass.
The PDF for the helicity angles is the product of a sum of two Gaussians with a sum of
Chebychev polynomials and is symmetrized as follows

Pωπ0(cos θ+H , cos θ
−
H) =

1

2
[(fG(cos θ+H) + (1− f)G(cos θ+H))×

3
∑

i=1

ciCi(cos θ
−
H)]

+
1

2
[(fG(cos θ−H) + (1− f)G(cos θ−H))×

3
∑

i=1

ciCi(cos θ
+
H)]. (C.60)

The projections onto each variable are shown in Figs. C.91 to C.95 and the correlation
between the fit variables are listed in Table C.36. The total PDF for B0 → ωπ0 events is in
analogy to the previous described ones.
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Figure C.91: Full projections onto ∆E and Mbc of B
0 → ωπ0 decays. The black points show

simulated MC events and the solid line shows the fit result. The residuals are given beneath
each distribution.
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Figure C.92: Full projections onto FBB̄/qq̄ and the r-bin fractions of B0 → ωπ0 decays. The
black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 -0.09 0.00 -0.01 -0.01 -0.03 -0.02 0.01
Mbc 1 0.01 -0.01 0.06 0.05 -0.01 -0.00
m1

π+π− 1 -0.56 -0.04 0.59 -0.62 0.00
m2

π+π− 1 -0.04 -0.63 0.59 -0.01
FBB̄/qq̄ 1 -0.00 0.01 0.01
cos θ1H 1 -0.67 0.01
cos θ2H 1 0.01
∆t 1

Table C.38: Correlation matrix for B0 → ωπ0 decays.
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Figure C.93: Full projections onto mπ+π0 −mπ−π0 of B0 → ωπ0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.94: Full projections onto cos θ+H − cos θ−H of B0 → ωπ0 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.
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Figure C.95: Full projections onto ∆t of B0 → ωπ0 decays for q = +1 (left) and q = −1. The
black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.
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C.3 Off-Resonance Data

In the following, an alternative describtion of the continuum component is presented, ob-
tained from studying off-resonance data taken 60 MeV below the BB̄ threshold. However,
we use the describtion from Section 4.4 as previously explained.
The ∆E distribution is described by the sum of Chebychev polynomials up to the second
order,

Pqq̄(∆E) ≡
2

∑

i=1

ciCi(∆E), (C.61)

and the Mbc distribution is described by an Argus function

Pqq̄(Mbc) ≡ Ar(Mbc). (C.62)

The FBB̄/qq̄ distribution is described by a double-bifurcated Gaussian in each r-bin, k,

Pk
qq̄(FBB̄/qq̄) ≡ dbGk(FBB̄/qq̄). (C.63)
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Figure C.96: Fit projections ont ∆E, Mbc, and FBB̄/qq̄ of continuum data. The black points
show simulated MC events and the solid line shows the fit result. The residuals are given
beneath each distribution.

The PDF of each invariant dipion mass is taken to be the product of two Breit-Wigner
functions and the sum of polynomials up to the fifth order,

Pqq̄(mπ±π0) ≡ BW (mπ±π0 ,m1,Γ1)×BW (mπ±π0 ,m2,Γ2)×
5

∑

i=1

cMi Ci(mπ±π0). (C.64)

The sum of Chebychev polynomials up to the eighth order describes each cos θH distribution,

Pqq̄(cos θH) ≡
8

∑

i=1

cHi Ci(cos θH). (C.65)

The lifetime PDF is given by Eq. (4.69), projections onto ∆t for each flavor q are shown
in Fig. C.98.

The full PDF for continuum events is given by

PDF qq̄(∆E,Mbc,mπ+π0 ,mπ−π0 , cos θ+H , cos θ
−
H ,FBB̄/qq̄,∆t, q) ≡

PDF qq̄(∆E)× PDF qq̄(Mbc)× PDF qq̄(m(π+π0))× PDF qq̄(m(π−π0))

×PDF qq̄(cos θ
+
H)× PDF qq̄(cos θ

−
H)× PDF qq̄(FBB̄/qq̄)× PDF qq̄(∆t, q). (C.66)
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Figure C.97: Fit projections onto the dipion masses and helicity angles of continuum data.
The helicity PDF is not finalized, because it is not used (see Section 4.4). The top row shows
the 2D projection of the data (left) and the PDF (right) and the bottom row shows projection
onto each axis, where the black points show simulated MC events and the solid line shows the
fit result. The residuals are given beneath each distribution.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 0.01 0.02 0.01 0.04 0.01 -0.00 0.01
Mbc 1 -0.00 0.01 -0.00 0.00 0.01 0.00
m1

π+π− 1 -0.02 -0.03 0.06 0.01 -0.00
m2

π+π− 1 0.02 -0.01 0.05 0.01
FBB̄/qq̄ 1 -0.00 -0.00 0.01
cos θ1H 1 -0.01 0.01
cos θ2H 1 -0.01
∆t 1

Table C.39: Correlation matrix for SVD1 off-resonance data.

The full PDF for continuum events is given by

PDF qq̄(∆E,Mbc,mπ+π0 ,mπ−π0 , cos θ+H , cos θ
−
H ,FBB̄/qq̄,∆t, q) ≡

PDF qq̄(∆E)PDF qq̄(Mbc)××PDF qq̄(mπ+π0 ,mπ−π0)

×PDF qq̄(cos θ
+
H , cos θ

−
H)× PDF qq̄(FBB̄/qq̄)× PDF qq̄(∆t, q). (C.67)
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Figure C.98: Fit projections onto ∆t of continuum data. Left shows events with BTag = B0.
The top row shows the 2D projection of the data (left) and the PDF (right) and the bottom
row shows projection onto each axis, where the black points show simulated MC events and
the solid line shows the fit result. The residuals are given beneath each distribution.

0 ∆E Mbc m1
π+π− m2

π+π− FBB̄/qq̄ cos θ1H cos θ2H ∆t

∆E 1 0.00 -0.00 0.01 0.02 -0.01 0.00 -0.00
Mbc 1 0.01 -0.00 -0.00 0.00 0.00 -0.00
m1

π+π− 1 -0.02 0.01 0.06 -0.00 0.01
m2

π+π− 1 0.02 -0.00 0.06 -0.00
FBB̄/qq̄ 1 0.02 0.02 -0.00
cos θ1H 1 -0.01 0.01
cos θ2H 1 0.01
∆t 1

Table C.40: Correlation matrix for SVD2 off-resonance data.
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C.4 Appendix Signal Model

Fig. C.99 shows the helicity angle dependent reconstruction efficiency in 29 bins of ∆E.
Bins with similar shape are combined for the helicity PDF of the signal component, see Sec-
tion 4.3.1. ∆E is varied in steps of 0.01 GeV.
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Figure C.99: cos θH-dependent reconstruction efficiencies in 29 bins of ∆E obtained from
fully reconstructed signal MC events used for choosing the five bins (Fig. 4.11) as explained
in Section 4.3.
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C.5 Appendix Continuum Model

To verify the continuum PDF, a visual comparison of the correlations of the fit distribu-
tions in on-resonance data and continuum MC simulation is presented. Fig. C.100 and
Fig. C.101 show the distributions of dipion masses and helicity angles in slices of each other
and Fig. C.102 shows the ∆E distributions in equidistant bins of FBB̄/qq̄.
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Figure C.100: mπ+π0 distributions of a,b) continuum MC simulation and c,d) on-resonance
data in equidistant slices of cos θ+H (a,c) and cos θ−H (c,d). a) and c) show the good agreement
of the correlation of mπ+π0 with cos θ+H in both data samples, while there is no significant
correlation with cos θ−H .
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Figure C.101: cos θ+H distributions a,b) continuum MC simulation and c,d) on-resonance data
in equidistant slices of mπ+π0 (a,c) and mπ−π0 (c,d). a) and c) show the good agreement of the
correlation of cos θ+H with mπ+π0 in both data samples, while there is no significant correlation
with mπ−π0 .
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Figure C.102: ∆E distributions of a) continuum MC simulation and b) on-resonance data
in equidistant slices of FBB̄/qq̄. The correlation in b) seems less strong, but the increasing

BB̄ contributions for larger values of FBB̄/qq̄ are polluting the distributions. The four-pion
contribution is already visible through the peak arising in the bin before the last bin in b).
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C.5.1 Correlations: Continuum MC Simulation

The following distributions of the dipion masses and helicity angles in bins of each other show
the correlations among these fit variables in the continuum component. The distributions
and PDFs were obtained from studying off-resonance events from MC simulation.
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Figure C.103: Distributions of the helicity angles from continuum MC simulation for recon-
struction type “0” in equi-distant bins of mπ±π0with the fit result on top.
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Figure C.104: Distributions of the dipion masses from continuum MC simulation for recon-
struction type “0” in bins of cos θ−H with the fit result on top.
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Figure C.105: Distributions of the dipion masses from continuum MC simulation for recon-
struction type “+” in bins of cos θ+H with the fit result on top.
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Figure C.106: Distributions of the dipion masses from continuum MC simulation for recon-
struction type “+” in bins of cos θ−H with the fit result on top.
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Figure C.107: Distributions of the dipion masses from continuum MC simulation for recon-
struction types “+” and inverted “-” in bins of cos θ+H with the fit result on top.
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Figure C.108: Distributions of the helicity angles from continuum MC simulation for recon-
struction type “+” in equi-distant bins of mπ±π0with the fit result on top.
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Figure C.109: Distributions of the helicity angles from continuum MC simulation for recon-
struction type “+” in equi-distant bins of mπ−π0with the fit result on top.
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Figure C.110: Distributions of the helicity angles from continuum MC simulation for recon-
struction type “2c” in equi-distant bins of mπ+π0with the fit result on top.
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Figure C.111: Distributions of the dipion masses from continuum MC simulation for recon-
struction type “2c” in bins of cos θ−H with the fit result on top.
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Appendix D

Appendix Linearity Tests

This section shows the results of the toy MC ensemble tests used to validate the fitting
procedure, see Section 4.7.

D.1 Branching Fraction
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Figure D.1: Results of B(B0 → ρ+ρ−) from fits to pseudo experiments generated from fully
simulated MC events. The generated value goes from B(B0 → ρ+ρ−) = 20× 10−6 (upper left)
to 26.5× 10−6 in steps of 0.5× 10−6. The generated values are indicated by the green arrows.
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Figure D.2: Error distributions of B(B0 → ρ+ρ−) from the fits to pseudo experiments gen-
erated from fully simulated MC events. The generated value goes from B(B0 → ρ+ρ−) =
20× 10−6 (upper left) to 26.5× 10−6 in steps of 0.5× 10−6.
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D.2 Fraction of Longitudinal Polarization

fl
0.7 0.8 0.9 1 1.1

ex
ps

. /
 (

0.
00

4)

0

5

10

15

20

25

30  = 0.90)
0

 0.00            (m±m = 0.90 

 0.00± = 0.02 σ

fl
0.8 0.9 1 1.1

ex
ps

. /
 (

0.
00

4)

0

5

10

15

20

25

30

35
 = 0.92)

0
 0.00            (m±m = 0.92 

 0.00± = 0.02 σ

fl
0.8 0.9 1 1.1

ex
ps

. /
 (

0.
00

4)

0
5

10
15
20
25
30
35  = 0.94)

0
 0.00            (m±m = 0.94 

 0.00± = 0.02 σ

fl
0.8 0.9 1 1.1

ex
ps

. /
 (

0.
00

4)

0
5

10
15
20
25
30
35
40  = 0.96)

0
 0.00            (m±m = 0.96 

 0.00± = 0.02 σ

fl
0.8 0.9 1 1.1

ex
ps

. /
 (

0.
00

4)

0
5

10
15
20
25
30
35  = 0.98)

0
 0.00            (m±m = 0.98 

 0.00± = 0.02 σ

fl
0.8 0.9 1 1.1 1.2

ex
ps

. /
 (

0.
00

4)

0
5

10
15
20
25
30
35  = 1.00)

0
 0.00            (m±m = 1.00 

 0.00± = 0.02 σ

fl_error
0.018 0.02 0.022 0.024

ex
ps

. /
 (

7.
8e

-0
5)

0
2
4
6
8

10
12
14

 0.00±m = 0.02 

 0.00± = 0.00 σ

fl_error
0.015 0.02 0.025

ex
ps

. /
 (

0.
00

01
08

)

0
2
4
6
8

10
12
14
16
18
20
22

 0.00±m = 0.02 

 0.00± = 0.00 σ

fl_error
0.02 0.03

ex
ps

. /
 (

0.
00

02
3)

0

5

10

15

20

25

30

35
 0.00±m = 0.02 

 0.00± = 0.00 σ

fl_error
0.015 0.02

ex
ps

. /
 (

0.
00

01
08

)

0
2
4
6
8

10
12
14
16
18

 0.00±m = 0.02 

 0.00± = 0.00 σ

fl_error
0.02 0.03

ex
ps

. /
 (

0.
00

02
05

)

0
2
4
6
8

10
12
14
16
18
20
22

 0.00±m = 0.02 

 0.00± = 0.00 σ

fl_error
0.01 0.02 0.03 0.04

ex
ps

. /
 (

0.
00

03
9)

0

5

10

15

20

25

30  0.00±m = 0.02 

 0.00± = 0.00 σ

Figure D.3: Results of fL from the fits to pseudo experiments generated from fully simulated
MC events and their error distributions below. The generated value goes from fL = 0.90 (upper
left) to 1.00 in steps of 0.02. The generated values are indicated by the green arrows.
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D.3 CPV Parameters

D.3.1 Acp
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Figure D.4: Results of ACP of B0 → ρ+ρ− from the fits to pseudo experiments generated
from fully simulated MC events. The generated value goes from ACP = −1 (upper left) to 1
in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.5: Results of SCP of B0 → ρ+ρ− from the fits to pseudo experiments generated
from fully simulated MC events. The generated value goes from ACP = −1 (upper left) to 1
in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.6: Pull distributions for ACP of B0 → ρ+ρ− from the fits to pseudo experiments
generated from fully simulated MC events. The generated value goes from ACP = −1 (upper
left) to 1 in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.7: Pull distributions for SCP of B0 → ρ+ρ− from the fits to pseudo experiments
generated from fully simulated MC events. The generated value goes from ACP = −1 (upper
left) to 1 in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.8: Distribution of the errors of the fit results of ACP for a variation of SCP from
fully simulated MC events. The generated value goes from SCP = −1 (upper left) to 1 in steps
of 0.25.
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D.3.2 Scp
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Figure D.9: Results of ACP of B0 → ρ+ρ− from the fits to pseudo experiments generated
from fully simulated MC events. The generated value goes from SCP = −1 (upper left) to 1 in
steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.10: Results of SCP of B0 → ρ+ρ− from the fits to pseudo experiments generated
from fully simulated MC events. The generated value goes from SCP = −1 (upper left) to 1 in
steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.11: Pull distributions for ACP of B0 → ρ+ρ− from the fits to pseudo experiments
generated from fully simulated MC events. The generated value goes from SCP = −1 (upper
left) to 1 in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.12: Pull distributions for SCP of B0 → ρ+ρ− from the fits to pseudo experiments
generated from fully simulated MC events. The generated value goes from SCP = −1 (upper
left) to 1 in steps of 0.25. The generated values are indicated by the green arrows.
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Figure D.13: Distribution of the errors of the fit results of SCP for a variation of ACP from
fully simulated MC events. The generated value goes from SCP = −1 (upper left) to 1 in steps
of 0.25.
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Appendix E

Appendix Functions

E.1 Chebyshev Polynomials

The Chebyshev polynomials C(x), are a set of polynomials, orthogonal in the range [-1,1],
hence well suited for fitting as they provide more stability. Two kinds exist and we use the
Chebyshev polynomials of the first kind. Up to the 9th order, they are given by,

C0(x) = 1,

C1(x) = x,

(E.1)

and can be generated recursively,

Cn+1(x) = 2xCn(x)− Cn−1(x). (E.2)

E.2 Breit-Wigner

For a resonance decaying into two light spin-0 particles, D1 and D2, a relativistic Breit-
Wigner(BW) is often used. In the case of ρ0 → π+π−, these two particles are identical in
mass and magnitude of momentum, and the BW function takes the form

BW (mπ+π−) =
1

m2
0 −m2

π+π− − im0Γ(pπ)
, (E.3)

where m0 is the nominal mass of the ρ0 resonance, mπ+π− is the invariant mass of the two
pions and Γ(pπ) is the “mass-dependent” width, in general given by

Γ(p) = Γ0(
p

p0
)2L+1(

m0

m
)BL(p, p0)

2, (E.4)

with the nominal width Γ0, and the Blatt-Weisskopf barrier factors BL(p, p0). For the ρ0,
L = 1 and the corresponding barrier factor is
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B1(p, p0) =

√

1 + (p0d)2

1 + (pd)2
. (E.5)

where p(p0) are the daughter 3-momenta coming from a resonance at rest with mass m(m0),
and d is an impact parameter, d ∼ 1 fm, which is roughly the meson diameter. The
Blatt-Weisskopf factors desribes a decrease of the decay propability for smaller momenta
if the spin of the resonance has to be conserved in the angular momentum of its daughters.
The decrease is caused by a smaller phase space for lower momentum daughters, since the
maximum angular momentum of slow particles with an impact parameter d, is limited by
their momentum.

E.3 Gaussians

We often use a assymetric-width (bifurcated) Gaussian

G(x) ≡ .
1

σ
√
2π
e−0.5(x−µ)2/σ (E.6)

where σ = σl for x < µ and σ = σr else.

The sum of two bifurcated-width Gaussians is denoted as

dbG(x) ≡dbG(x, µ1, σ1l, σ1r, µ2, σ2l, σ2r, µCF, σl,CF, σr,CF, f, fCF)) =

fCFfbG(x, µ1 + µCF, σ1lσl,CF, σ1rσr,CF) + (1− fCFf)bG(x, µ2 + µCF, σ2lσl,CF, σ2rσr,CF). (E.7)

where the factors µCF, σl,rCF and fCF allow to correct a difference of the data to the MC
and are determined by a control sample A. If no correction has to be applied µCF = 0 and
σCF = fCF = 1. We restrict f > 0.5 and refere to the first bG as “main” and to the second
as “tail”.

Similar, a tripple-bifurcated-width Gaussian is defined as

tbG(x) ≡tbG(x, µ1, σ1l, σ1r, µ2, σ2l, σ2r, f2, µ3, σ3l, σ3r, f3, µCF, σl,CF, σr,CF, fCF) =

(1− fCFf2 − f3)bG(x, µ1 + µCF, σ1lσl,CF, σ1rσr,CF) + (fCFf2)bG(x, µ2 + µCF, σ2lσl,CF, σ2rσr,CF)+

f3bG(x, µ3 + µCF, σ3lσl,CF, σ3rσr,CF). (E.8)

A set of n Gaussians with 1 ≤ k ≤ n is given by

dbG(x)k ≡dbG(x, µk
1, σ

k
1l, σ

k
1r, µ

k
2, σ

k
2l, σ

k
2r, µ

k
CF, σ

k
l,CF, σ

k
r,CF, f

k, fCF).

(E.9)

Tripple-bifurcated Gaussians in each r-bin are defined in a similar way.
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