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Figure C.73: Fit projections onto m. + o of B® — pT7F70 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 AE My, ml, _ m2, _ Fppys cosby cosfy At
AFE 1 -0.00 0.01 0.03 0.01 -0.08  -0.04 -0.01
M. -0.02 -0.04 0.05 0.04 0.03 -0.01

ml, _ 1 -0.00 -0.05 -0.04  0.00 0.00
m2,__ 1 -0.02  -0.06  0.02  0.02
FBB/gq 1 0.03  -0.00 -0.02
cos O 1 -0.10  -0.03
cos 0% 1 -0.00
At 1
Table C.34: Correlation matrix for B — p~ 7770 decays.

0 AE My mlL._ m2,__ Fpp; cosby cosby At
AFE 1 -0.00 -0.06 -0.02 0.05 0.01  -0.01 -0.01
M. 0.04 0.04 0.06 0.07 0.02 -0.02

mb, _ 1 0.03 0.02 -0.03  0.07  -0.03
m2, - 1 -0.01 0.01 0.01  0.01
FBB/gq 1 0.04 0.03  -0.03
cos O3 1 -0.50  0.02
cos 0% 1 -0.02
At 1

Table C.35: Correlation matrix for mis-reconstructed B — pTn 770 decays.
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Figure C.74: Fit projections onto m.+..o—m, o of B® — pT7T 7% 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 9;& —cos 0 of B — pFa¥70 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 AE and My, of B® — p*n 70 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 Fgp/,; and the r-bin fractions of BY — ptaT70 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 m+,0 — m -0 of B® — pTn¥70 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 9; —cos O of BY — ptn 70 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 At of BY — p* 7770 decays for ¢ = +1 (left) and ¢ = —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 B — p'n%7? And B? — fyn'n® Decays

Both components are parametrized with similar PDFs, the subscript p°7°7° has to be sub-
stituted with fom7" to obtain the PDF for B® — fym’7® decays. The agreement between
the distributions of both decays is good enough to safely neglect B — fom’7? 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 B° — fortn~, with
B(B® — fortm™) <3 x 1075 [5].

The AFE, M. and Fpp/,; distributions are described as mentioned in Appendix [C2 the
projections onto them for both decays are shown in Figs. and and Figs.
and [C.87 The projections onto the remaining distributions are shown in Figs. [C.83] to [C.85]
and F igs. 3 to [C90. The PDF for the mass distribution is take to be the product of a
sum of a second and th1rd order Chebychev polynomial for each dipion mass

3
'Ppoﬂowo (mﬁiﬂo) = Z Cici(mﬁiwo). (056)

=2

.

The helicity PDF is taken to be a two-dimensional histogram
P o000 (cos O7, cos O;) = H(cos 0, cos ). (C.57)

Because the 7 momenta are usually higher then those of the charged p° daughters, the
helicity angles peak at cosfy = +1.

At is modeled according to Eq. (EI9) with an effective life time, 7¢ o0 = (1.23£0.02) ps
The correlations between the fit variables are listed in Tables ICZ%I and [C.37 and the full
PDF for B® — p°7%7° decays takes the form

P 07070 (AE, Myc, Mt 70, M0, €08 07, €08 051, Fpj gq: At q) =
'Ppoﬂoﬂo(AE) X 'Ppoﬂowo(MbC) X 'Pp07r07r0 (mﬂ+7r0> X 'Ppoﬂoﬂo (mwjro)
'Ppo,roﬂ.o (COS Qg, cos Qﬁ) X 'Pfoﬂowo (‘FBB/q(j) X 'Ppoﬂoﬂ.o (At, q). (058)
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Figure C.81: Full projections onto AE and M, of B® — p%7%70 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 Fgzg Jad and the r-bin fractions of BY — p?7%7° decays.
The black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.

0 AE M, ml. _ m2, _  Fpps cosOy coslfy At
AFE 1 -0.01  -0.00 0.00 0.02 -0.04 -0.05 0.01
My, 1 0.06 0.04 0.03 0.06 0.09 0.00

m}r+ﬁ_ 1 -0.02 -0.01 0.04 -0.09  0.00
me, 1 003 010 004 -0.01
Fi5)a 1 0.02 006 0.00
cos 0 1 -0.47  -0.01
cos 0% 1 0.02
At 1

Table C.36: Correlation matrix for BY — p?7%7% decays.
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Figure C.83: Full projections onto m,+,0 —m,— 0 of B® — p?797% 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 9?_1' — cosf of BY — 7970 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 At of BY — p%7%70 decays for ¢ = +1 (left) and ¢ = —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 BY — fom’7° decays and Table [C.37 the
parameter correlations.
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Figure C.86: Full projections onto AE and M, of BY — fyr?7® 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 Fpp/,; and the r-bin fractions of B? — for%70 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 AE M, ml._ m2, _ Fppg cosby cosby At
AFE 1 -0.05  -0.01 -0.03 0.02 -0.06  -0.04 -0.01
My, 1 0.04 0.03 0.07 0.04 0.06  -0.05

m}r+ﬂ_ 1 0.01 -0.02 0.03 -0.09  -0.02
me,. 1002 007 -0.02 -0.01
Fi5)a 1 =001 005 001
cos O 1 -0.55  0.01
cos 0% 1 -0.01
At 1

Table C.37: Correlation matrix for B® — fyn%7° decays.
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Figure C.88: Full projections onto m., .+ 0 —m, .o of B = fyn%7® 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 914_1' —cosf of BY — fom¥70 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 At of B — for’7? decays for ¢ = 41 (left) and ¢ = —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 B° — wn® Decays

Previous measurements of the mode B® — wn? yield in an upper limit of 5 x 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 Fpp,,; and At, g distributions as the previous four-pion backgrounds, while the AE
and M, distributions show a clear difference. Because only one 7¥7° 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 AE, My, distributions are described by
the PDF's for combinatorial background (see Egs. (C3) and (C.4)).

The two p-masses are depending on the helicity angles via
P oo (my, ma| cos b5, cos 05) = (G(my) + ¢1C1(my)) Z ¢;C (C.59)

where my = Mg+0, My = Mo if cosf > cosbf; and my = my -0, My = Mmy+0 else. Two
of the three pion daughters of the w still result in a broad peak, shifted to the left of the w
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

3
Pro(cos b, cosby) = %[(fG(cos 6;;) + (1 — f)G(cos b)) x ZciCi(cos 05)]
i=1

—|—%[(fG(cos 0g) + (1 — f)G(cosby)) % Zcz cos O )] (C.60)

The projections onto each variable are shown in Figs. to and the correlation
between the fit variables are listed in Table [C36l The total PDF for B® — wn® events is in
analogy to the previous described ones.
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Figure C.91: Full projections onto AE and M, of B — wr® 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 Fgzp Jaq and the r-bin fractions of B® — wn® decays. The
black points show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution.

0 AE M, ml. _ m2, _  Fpps cosOy coslfy At
AFE 1 -0.09 0.00 -0.01 -0.01 -0.03  -0.02 0.01
My, 1 0.01 -0.01 0.06 0.05 -0.01  -0.00

m}r+ﬁ_ 1 -0.56 -0.04 0.59 -0.62  0.00
me, 1 004 063 059 -0.01
Fobja 1 =000 001 001
cos 0 1 -0.67  0.01
cos 0% 1 0.01
At 1

Table C.38: Correlation matrix for B® — wn® decays.
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Figure C.93: Full projections onto m, 0 — m,— 0 of B® — wn" 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 At of BY — wn® decays for ¢ = +1 (left) and ¢ = —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 BB threshold. However,
we use the describtion from Section 4] as previously explained.

The AFE distribution is described by the sum of Chebychev polynomials up to the second
order,

2
=1
and the M, distribution is described by an Argus function
qu<MbC> = AT’(MbC). (C62)
The Fpjp/qq distribution is described by a double-bifurcated Gaussian in each r-bin, ,
k _ — k _
600 . 2520
g & e P g 15™
S so0 g VT S Ig %
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Figure C.96: Fit projections ont AE, M., and ]:BB/qtj 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,

5
Pog(Mptno) = BW (mgtg0,mq, 1) X BW (mgsm0,mo,I'y) X Zcﬁ-\d@(mwiﬂo). (C.64)

i=1
The sum of Chebychev polynomials up to the eighth order describes each cos 6y distribution,

8

Pyg(cosby) = Z ci'Ci(cos Or). (C.65)

=1

The lifetime PDF is given by Eq. (£69), projections onto At for each flavor ¢ are shown
in Fig. [C08

The full PDF for continuum events is given by

PDIqQ(AEv My, Myt 70, My—70, COS 01—{’—7 cos Oy, FBB/qQa At, Q) =
PDF ;(AE) X PDF jq( My.) X PD.qu(m(ﬂ'Jrﬂ'O)) X PD}"qq(m(W*WO))
XPDF 45(cos 0;) x PDF ,4(cosby) X PDqu(}"BB/qq) X PDF 4(At, 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]). 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 AE My ml, — m2, _ Fppys cosOy cosly At
AFE 1 0.01 0.02 0.01 0.04 0.01 -0.00  0.01
My, 1 -0.00 0.01 -0.00 0.00 0.01 0.00

m}r+7r, 1 -0.02 -0.03 0.06 0.01  -0.00
m72r+7r, 1 0.02 -0.01 0.05 0.01
Fsb/a 1 000 -0.00 0.01
cos 0 1 -0.01  0.01
cos 0% 1 -0.01
At 1

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

The full PDF for continuum events is given by

PDFgq(AE, Myc, Mgt po, M0, c08 0, €08 01, Fpp g At q) =
PDFQQ(AE)PD‘FQQ(MI)C) X prqu(mTr*ﬂ'mefﬂo)

XPDF ,4(cos b, cos O) x PDFoi(Frs/eq) X PDF4q(At, q). (C.67)
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Figure C.98: Fit projections onto At of continuum data. Left shows events with Br,, = BY.
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 AE My ml,  m2, _  Fppye cosOy cosly At
AFE 1 0.00  -0.00 0.01 0.02 -0.01 0.00  -0.00
M. 1 0.01 -0.00 -0.00 0.00 0.00  -0.00

m, 1 002 001 006 -0.00 0.01
m72r+7r, 1 0.02 -0.00 0.06 -0.00
Fi5)ar 1002 002 -0.00
cos 0 1 -0.01  0.01
cos 04 1 0.01
At 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 AFE.
Bins with similar shape are combined for the helicity PDF of the signal component, see Sec-
tion 3l AF is varied in steps of 0.01 GeV.

Figure C.99: cosfpg-dependent reconstruction efficiencies in 29 bins of AFE obtained from
fully reconstructed signal MC events used for choosing the five bins (Fig. EI1]) as explained
in Section
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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. and
Fig. show the distributions of dipion masses and helicity angles in slices of each other
and Fig. shows the AE distributions in equidistant bins of Fgp/4q-
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Figure C.100: m_ .o distributions of a,b) continuum MC simulation and c¢,d) on-resonance
data in equidistant slices of cos GIJ{“ (a,c) and cos @ (c,d). a) and c) show the good agreement
of the correlation of m+,0 with cos GE in both data samples, while there is no significant

correlation with cos 0.
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Figure C.101: cos GE distributions a,b) continuum MC simulation and c,d) on-resonance data
in equidistant slices of m .+ 0 (a,c) and m -0 (c,d). a) and c) show the good agreement of the
correlation of cos Hﬁ with m_+ .0 in both data samples, while there is no significant correlation
with m - 0.
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Figure C.102: AFE distributions of a) continuum MC simulation and b) on-resonance data
in equidistant slices of Fgpp /qg- The correlation in b) seems less strong, but the increasing
BB contributions for larger values of Fpp /qg 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 m_+ owith 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 6 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 “4” in bins of cos HIJ{F 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 cosf; 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 9{; with 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 “2¢” in bins of cos f; 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 [4.71

D.1 Branching Fraction
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Figure D.4: Results of Acp of BY — pTp~ 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 B — ptp~ from the fits to pseudo experiments generated
from fully simulated MC events. The generated value goes from Acp = —1 (upper left) to 1
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Figure D.6: Pull distributions for Acp of BY — pTp~ from the fits to pseudo experiments
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Appendix E

Appendix Functions

E.1 Chebyshev Polynomials

The Chebyshev polynomials C(z), 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,

C(](l’) = 1,
Ci(x) ==z,
(E.1)
and can be generated recursively,
Cry1(x) = 22C(x) — Chq (). (E.2)

E.2 Breit-Wigner

For a resonance decaying into two light spin-0 particles, D; and D, a relativistic Breit-
Wigner(BW) is often used. In the case of p” — 77—, these two particles are identical in
mass and magnitude of momentum, and the BW function takes the form

1

BW(mWJer) = (E3)

mg—m —imol'(pr)’

rhr—

where my is the nominal mass of the p° resonance, m,+,-is the invariant mass of the two
pions and I'(p,) is the “mass-dependent” width, in general given by

Dlp) = Lol 2P (0 B, o) (E.4)

with the nominal width Ty, and the Blatt-Weisskopf barrier factors By (p, pg). For the p
L =1 and the corresponding barrier factor is
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1+ (pod)?
1+ (pd)?”

where p(pg) are the daughter 3-momenta coming from a resonance at rest with mass m(my),
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.

Bi(p,po) = (E.5)

E.3 Gaussians

We often use a assymetric-width (bifurcated) Gaussian

1 2
G(z) = . ———¢ 00—w7/o E.6
(1) =~ (E5)

where 0 = o, for x < p and o = o, else.

The sum of two bifurcated-width Gaussians is denoted as

dbG(‘r) EdbG(l’, H1,011, O1ry K2, 021, 0215 UCF, O1,CF, Or,CF, f7 fCF)) -
fer fOG(z, p + pier, ouoicr, 01,0rcr) + (1 = for fVG(2, po + picr, o001,08, 02,0rcr). (E.7)

where the factors pcp, 07,cr and fep allow to correct a difference of the data to the MC
and are determined by a control sample [Al If no correction has to be applied pcr = 0 and
ocr = fcr = 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(.CU) EtbG(ZE, K1, 011, O1ry U2, 021, O2p, f27 K3, 031, 03, f37 HCF, O1,CF; Or,CF, fCF) -
(1 — ferfa — f3)bG(z, pn + per, 01u01cr, 01:0rcF) + (for f2)bG (2, po + pow, 0201,cF, 02,0, cF )+
[30G (x, p3 + pcr, 03101,cr, 03:07.CF).- (E.8)

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

dbG(l‘)k EdbG(l’, u]f’ Ufl’ U’frv :u’2€> Ugl’ OJQCrv ,U’éF, O'lk,CFﬂ Uf,CPH fk? fCF)
(E.9)

Tripple-bifurcated Gaussians in each r-bin are defined in a similar way.
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events. a) cosf < —0.6 &cosby > 0.60, b) cosb;; > —0.6 & cos b > 0.60,
c) cosbf; > —0.6 & cos B < 0.60 and d) cosb;; < —0.6 & cosfy < 0.60. The
black points show simulated MC events and the solid line shows the fit result.
The residuals are given beneath each distribution. . . . . . . ... ... ... &(

Fit projections onto M. for different slices of AE for nor®MC events. a)
AE < 0.1GeV and b)-f) increasing in steps of 0.05GeV. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o &1l

a) My.’s dbG fraction and b) Fpp/,4's mean dependencies on AE. The plotted

fit result was used as a starting guess for obtaining the full shape from a fit
to the full MC sample. . . . o v oo e ’1

Fit projections onto m,«ofor different slices of cos@j; — cosfy for nor"MC
events. a) cosf < —0.6 &cosby > 0.60, b) cosb;; > —0.6 & cos b > 0.60,
c) cosbf; > —0.6 & cosf < 0.60 and d) cosb;; < —0.6 & cosfy < 0.60. The
black points show simulated MC events and the solid line shows the fit result.
The residuals are given beneath each distribution. . . . . . . . . .. ... ..

Fit projections onto AFE and M, for signal MC events with both charged
pion correctly reconstructed and at least one neutral pion mis-reconstructed.
LP (top row) and TP. The black points show simulated MC events and the
solid line shows the fit result. The residuals are given beneath each distribution. ¥

Fit projections onto Fpp/.; and the r-bin fractions for signal MC events with
both charged pion correctly reconstructed and at least one neutral pion mis-
reconstructed. LP (top row) and TP. The black points show simulated MC
events and the solid line shows the fit result. The residuals are given beneath
each distribution. . . . . . . . ... @

Fit projections onto m,+ .o for signal events with both charged pion correctly
reconstructed and at least one mis-reconstructed 7° (LP). 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. . . . . .. ..o o lsd

Fit projections onto m,+,0 for signal events with both charged pion correctly
reconstructed and at least one mis-reconstructed 7° (TP). 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. . . . . . . .. .o o 84
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4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

4.31

Fit projections onto cos 6j; — cos )y for signal events with both charged pion
correctly reconstructed and at least one mis-reconstructed 7° (LP). 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. . . . . . .. ... o000 oL

Fit projections onto cos 6f; — cos 6y for signal events with both charged pion
correctly reconstructed and at least one mis-reconstructed 7° (TP). 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. . . . . . . .. .00 00000

Fit projections onto At for signal MC (LP) for both charged pion correctly
reconstructed and at least one mis-reconstructed 7°. a) By, = B and b) and
By = B. The black points show simulated MC events and the solid line
shows the fit result. The residuals are given beneath each distribution.

Fit projections onto At for signal MC (TP( for both charged pion correctly
reconstructed and at least one mis-reconstructed 7°. a) By, = B and b) and
By = B. The black points show simulated MC events and the solid line
shows the fit result. The residuals are given beneath each distribution.

Fit projections onto AFE for a) cos6;; x cosf; < 0 and b) else for signal
MC events with only one correctly reconstructed 7*. The residuals are given
beneath each distribution. . . . . . . .. ..o

Fit projections onto the dipion masses and helicity angles for signal MC events
with only one correctly reconstructed track (7 left and 7~ right). For each
set of for plots, 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. . . . . . . . . ... .. ..

Full projections onto AE and M, of a fit to signal MC events with only one
correctly reconstructed 7F. LP (top row) and TP. The black points show
simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution. . . . . . . .. ... .00

Full projections onto Fpp/e; and the r-bin fractions of a fit to signal MC
events (LP) with only one correctly reconstructed 7¥. LP (top row) and TP.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

Fit projections onto m,+,0 signal MC events with only one correctly recon-
structed 7F (LP). 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. . . . . . . . . . ..
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4.32

4.33

4.34

4.35

4.36

4.37

4.38

4.39

4.40

Fit projections onto m +,0 signal MC events with only one correctly recon-
structed 7F (TP). 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. . . . . . . . . . ..

Fit projections onto cosfy signal MC events with only one correctly recon-
structed 7% (LP). 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. . . . . . . . . . ..

Fit projections onto cosfy signal MC events with only one correctly recon-
structed 7F (TP). 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. . . . . . . . .. ..

Fit projections onto At for signal MC events with only one correctly recon-
structed 77 (LP top, TP bottom). a) Bi,, = B and b) and By, = B. LP
(top row) and TP. The black points show simulated MC events and the solid
line shows the fit result. The residuals are given beneath each distribution. .

Fit projections onto AE and M. of a fit to mis-reconstructed signal MC
events (LP). The black points show simulated MC events and the solid line
shows the fit result. The residuals are given beneath each distribution.

Fit projections onto Fp /.5 and the r-bin fractions of a fit to mis-reconstructed
signal MC events (LP). The black points show simulated MC events and the

[1od

solid line shows the fit result. The residuals are given beneath each distribution [103

Fit projections onto m,+ 0 of a fit to mis-reconstructed signal MC events
(LP). 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.. . . . . . . ... ... ... ..

Fit projections onto cos 6] — cosfy of a fit to mis-reconstructed signal MC
events (LP). 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. . . . . . . . . . ... ...

Fit projections onto At of a fit to mis-reconstructed signal MC events (LP).
a) Biag = B and b) and By, = B. The black points show simulated MC
events and the solid line shows the fit result. The residuals are given beneath
each distribution. . . . . .. ..o o
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4.41

4.42

4.43

4.44

4.45

4.46

4.47

4.48

4.49

Full fit projections onto AE, My, and Fpp/,q0f a fit to B — pTp~ MC
events (LP). The black points show simulated MC events and the blue (solid)
line shows the fit result. The ”truth” and ” ler®” contributions are shown in

red and yellow, respectively. The residuals are given beneath each distribution.'ﬁ

Full fit projections onto Fpp/4; and the r-bin fractions of a fit to B — ptp~
MC events (LP). The black points show simulated MC events and the blue
(solid) line shows the fit result. The "truth” and ”lemr™” contributions are
shown in red and yellow, respectively. The residuals are given beneath each
distribution. . . . . . ..o

Full fit projections onto the dipion masses of a fit to BY — p™p~ signal MC
events (LP). 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 blue (solid) line shows the fit
result. The "truth” and ”lcn®” contributions are shown in red and yellow,
respectively. The residuals are given beneath each distribution. . . . . . . . .

Full fit projections onto the helicity angles of a fit to B® — p™p~ signal MC
events (LP). 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 blue (solid) line shows the fit
result. The "truth” and ”lcn®” contributions are shown in red and yellow,
respectively. The residuals are given beneath each distribution. . . . . . . . .

Full fit projections onto At of a fit to B — p*p~ signal MC events (LP).
a) Biag = B and b) and By, = B. The black points show simulated MC
events and the blue (solid) line shows the fit result. The "truth” and ”lcr®”
contributions are shown in red and yellow, respectively. The residuals are
given beneath each distribution. . . . . . .. ... 000000

Fit projections of fully simulated continuum MC events onto AE for bins of
FpBJeg; FBBJqg € 1,4+ 1] with ¢ € {0,0.1,0.25,0.5,0.75,1,2}. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . .. .. .. ... ...

Full projections onto AE and My, of fully simulated continuum MC events.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

Full projections onto Fpp/,4 and the r-bin fractions of fully simulated contin-
uum MC events. The black points show simulated MC events and the solid
line shows the fit result. The residuals are given beneath each distribution. .

Fit projections onto my +,o of fully simulated continuum MC events for the
components + (left) and 0. 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.
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4.50

4.51

4.52

4.53

4.54

4.55

4.56

4.57

4.58

4.59

Fit projections onto m +.o of fully simulated continuum MC events for the
reconstruction types + (left) and 0. 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.

Fit projections onto m,+,0 and cos Qﬁ of fully simulated continuum MC events
for the component 2¢. 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. . . . . . . .

Full projections onto my=,o of fully simulated continuum MC events. 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. . . . . . ... .00

Full projections onto the helcicity angles of fully simulated continuum MC
events. 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.. . . . . . ... ... ... ...

Full projections onto At of fully simulated continuum MC events. a) By = B
and b) and By,, = B. The black points show simulated MC events and the

solid line shows the fit result. The residuals are given beneath each distribution [121]

The shape obtained from studying continuum MC simulation superimposed on
off-resonance data for the dipion masses. 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[129

The shape obtained from studying continuum MC simulation superimposed
on off-resonance data for the helicity angles. 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. . . . . . . ..

Full projections onto AE with fit result on top for all components as explained
in the text. . . . . . . .

Full projections onto M, with fit result on top for all components as explained
in the text. . . . . . . .

Full projections onto m(mx*7?) with fit result on top for all components as
explained in the text. . . . . . . . . . ...
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4.60 Full projections onto cos6;; with fit result on top for all components as ex-
plained in the text. . . . . . . . . . ... @

4.61 Full projections onto Fpp,,; with fit result on top for all components as ex-
plained in the text. . . . . . . . . . ... E

4.62 r-bin distribution with fit result on top for all components as explained in the

BOXb. o o [131

4.63 Full projections onto At for both flavors of Bi,, with fit result on top for all
components as explained in the text. . . . .. .. ... ... ... .. ... @

4.64 Fit results from pseudo experiments generated from PDF (A) and fitted with
a Gaussian. The generated values are indicated by the green arrow. . . . . . [13d

4.65 Fit results from pseudo experiments generated from fully simulated MC events
(B) fitted with a Gaussian. The generated values are indicated by the green

ALTOW. . . L L 0 o L e e e e e e e e e e e e e e e e e e e e e e e e @

4.66 Error distributions from the fits to pseudo experiments generated from fully
simulated MC events (B) fitted with a Gaussian. . . . . . ... ... ... .. [134

4.67 Pull distributions from the toy MC studies (B) fitted with a Gaussian. . . . [13d

4.68 The difference of the fitted and the generated value versus generated val-
ues of either B(B® — p*p~) or fr from fitting fully simulated MC events
(B). The green shaded area corresponds to the statistical uncertainty in each
point. Remark: we performed this study without using the efficiency cor-
rection factors 7, in the yield calculation from the branching fraction, see
expression Eq. ([73)). Thefore the the observed yield is included in the range
of considered branching fractions. . . . . . . . .. ... ... L. [14d

4.69 The difference of the fitted and the generated value versus the generated values
of either Scp or Acp from fitting fully simulated MC samples (B). The green
shaded area corresponds to the statistical uncertainty in each point. . . . . . [141

5.1 Full projections onto AE and M. (top) and Fpp/eq as well as the r-bin
fractions (bottom) from the fit to data. Signal is shown in red, the BB
background in green, the combined backgrounds in yellow and the total PDF
in blue. Data are shown as black points. . . . . . . . . .. ... .. ..... @

5.2 Full projections onto the dipion masses from the fit to data. Signal is shown
in red, the BB background in green, the combined backgrounds in yellow and
the total PDF in blue. Data are shown as black points. . . . . . . . .. ... m

5.3  Full projections onto the helicity angles from the fit to data. Signal is shown
in red, the BB background in green, the combined backgrounds in yellow and
the total PDF in blue. Data are shown as black points. . . . . . . ... ... [144
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5.4 Full projections onto At for a) Biag = BY and b) Biag = B0 from the fit to
data. Signal is shown in red, the BB background in green, the combined
backgrounds in yellow and the total PDF in blue. Data are shown as black

POINES. © . . L L @

5.5 Signal enhanced projections (see text) onto At from the fit to data. a) flavor
integrated projection, where signal is shown in red, the BB background in
green, the combined backgrounds in yellow and the total PDF in blue, while
data is shown as black points. The residuals are given below. b) shows the
data distributions in red for By, = B® and in blue for Bi,, = B with the fit
results on top. The B® — p*p~ contribution is shown as dashed lines and the
resulting asymmetry is plotted below. . . . .. .. ..o 0L [141

5.6 Signal enhanced projections (see text) onto AE and M. (top) and Fgp/yq
(bottom) from the fit to data. Signal is shown in red, all four pion final states
in cyan, the BB background in green and the total PDF in blue. The non-
peaking background is shown as a dashed light green line and continuum is
shown separately in magenta. Data are shown as black points. . . . . . . .. [149

5.7 Signal enhanced projections (see text) onto the dipion masses from the fit
to data. Signal is shown in red, all four pion final states in cyan, the BB
background in green and the total PDF in blue. . . . . . . . ... ... ... [14d

5.8 Signal enhanced projections (see text) onto the helicity angles from the fit
to data. Signal is shown in red, all four pion final states in cyan, the BB
background in green and the total PDF in blue. . . . . .. . ... ... ... E

5.9 The dipion mass and helicity angle distributions from B — p°7%7% MC sium-

lation. . . . . @

5.10 Constraining the invariant mass m(7"7~) to be inside or outside (other) of
0.57GeV/c? < m(rTn™) < 0.97GeV/c? yields in the shown distributions of
the fit variables of generic B decay MC simulation. Events from within (out-
side) the m(nt7~) constraint are shown as black points (line) in the one-
dimensional projections. . . . . . . ... L [154

5.11 Constraining the invariant mass m(7*7~) to be inside or outside (other) of
0.57GeV/c* < m(rt7™) < 0.97GeV/c? yields in the shown distributions
of the fit variables of off-resonance data. Events from within (outside) the
m(mT7~) constraint are shown as black points (line) in the one-dimensional
projections. . . . . . ... E

7.1 A sketch of the two isospin triangles as explained in the text. . . . . . . . .. @

7.2 1—CL versus ¢ obtained from an isospin analysis from B — pp decays. The
horizontal line shows the 68% CL. . . . . . . . .. . .. ... ... ...... [163

7.3 1—CL versus ¢ obtained from relating B — pp decays to BT — K xp™ decays
with SU3. Each double peak consists out of one solution for [0pr| < 90° and
one else. The horizontal line shows the 68% CL. . . . ... ... ... ... @
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7.4

7.5

Al
A2
A3
A4

A5

A6
A7

A8

A9

The current status of the unitarity triangle. The red (yellow) shaded area
shows the one (two) sigma constraints from the internal angles (excluding our

result) on the apex [BO]. . . . . . . ... [16d

1—CL versus ¢, obtained from extrapolated toy SU(2) isospin analysis from
B — pp decays as explained in the text. a) the black solid line is the extrapo-
lation of B* — p*p® to lab™', the dashed red line shows the result from this
measurement and the blue dotted line is with previous Belle results. b) shows

the extrapolation to Belle II. The horizontal line shows the 68% CL. . . . . . @
Fit results for correctly reconstructed B+ — D%* MC events. . . . . . . . . [1zd
Fit results for the nor® component of B* — D%* MC events. . ... ... [17d
Fit results for mis-reconstructed B* — D%p* MC events. . . . ... .. .. [L17d

Results of a fit to fully simulated MC events for BY decays to charm final
states for the control sample measurement. . . . . . . . .. . ... ... ... [18d

Results of a fit to fully simulated MC events for B* decays to charm final
states for the control sample measurement. . . . . . . . ... ... ... .. @

Results from a fit to off-resonance data for the control sample measurement. [184

Control sample result from the fit to data. Signal is shown in red, the BB
background in green, the combined backgrounds in yellow and the total PDF
in blue. Data is shown as black points. . . . . . . . ... ... ... ..... @

Control sample result from the fit to data. Here, the model shape is fixed
from MC studies and no correction has been applied. Signal is shown in red,
the BB background in green, the combined backgrounds in yellow and the
total PDF in blue. Data is shown as black points. . . . . . . ... ... ... [187

Control sample result from the (5D) fit to data. Signal is shown in red, the
BB background in green, the combined backgrounds in yellow and the total
PDF in blue. Data is shown as black points. . . . . . . .. ... ... .... [1s4

A.10 Control sample result from the (6D) fit to data for B* (left) and B~. Signal

is shown in red, the BB background in green, the combined backgrounds in
yellow and the total PDF in blue. Data is shown as black points. . . . . .. [189

A.11 Control sample result from the fit to an example toy experiment. Signal is

shown in red, the BB background in green, the combined backgrounds in
yellow and the total PDF in blue. MC events are shown as black points. . . [189

A.12 Control sample result from the fit to an example toy experiment. Signal is

shown in red, the BB background in green, the combined backgrounds in
yellow and the total PDF in blue. MV events are shown as black points. . . [191

A.13 Control sample fit results and error distribution from 20 example toy experi-

ments. The generated branching fraction is indicated by the green arrow. . . [191
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B.1 Projections onto (a) the dipion masses and (b) the helicity angles for longi-
tudinal polarized B® — ptp~fully simulated MC events generated with the
amplitude model. . . . . ...

B.2 Projections onto (a) the dipion masses and (b) the helicity angles for trans-
versely polarized B® — pTp~fully simulated MC events generated with the
amplitude model. . . . ... oo

B.3 Projections onto the At distributions for ¢ = 1 for (a) longitudinal and (b)
traversal polarized B® — pTp~fully simulated MC events generated with the
amplitude model . . . . ..o oo

B.4 Projections onto (a) the dipion masses and (b) the helicity angles for B —
707~ 7Y fully simulated MC events generated with the amplitude model. c)
shows the projections onto the At distributions for g =4+1. . . . . . . . . ..

B.5 Projections onto the dipion masses for a) B — af7¥ and b) B — a97° decays
generated with the amplitude model. . . . . . . .. ... ... ... .....

B.6 Projections onto the helicity angles for a) B — a7t and b) B — a7 decays
generated with the amplitude model. . . . . . ... .. .. ...

B.7 Projections onto the At distributions for ¢ = £1 for B — a7 fully simulated
MC events generated with the amplitude model. (a) shows B — a7 T and
(b) shows B — a7 . . ...

B.8 Projections onto (a) the dipion masses and (b) the helicity angles for B —
pErFa0 fully simulated MC events generated with the amplitude model (phase-
SPACE). v v e e e e e e

B.9 Projections onto (a) the dipion masses and (b) the helicity angles for B —
979 fully simulated MC events generated with the amplitude model.

B.10 Projections onto the At distributions for ¢ = £1 for B — p™n 7" and B —
P07 fully simulated MC events generated with the amplitude model.

B.11 Scans of the observables for B — p*p~interfering with B — a7 . . . . . .
B.12 Scans of the observables for B® — p*p~interfering with B — 777~ #0.
B.13 Scans of the observables for B® — p*p~interfering with B — pfnFa% . . . .

B.14 Projections onto the helicity angles for B — p*n77? fully simulated MC

events generated with the amplitude model for the different helicity depen-
dencies. a) S-wave, b) P-wave (LP) and ¢) P-wave (TP). . . ... ... ...

C.1 Fit projections onto AE of b — ¢ transitions in neutral B 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. . . . . . ..o

337



C.2 Full projections of b — ¢ transitions in neutral B meson decays for AE and
My,.. The black points show simulated MC events and the solid line shows
the fit result. The residuals are given beneath each distribution. . . . . . . . ko

C.3 Full projections of b — ¢ transitions in neutral B meson decays for Fpp/qq
and the r-bin fractions. The black points show simulated MC events and the
solid line shows the fit result. The residuals are given beneath each distribution 208

C.4 Fit projections onto the dipion masses of b — ¢ transitions in neutral B decays
for the components + (left) and 0. 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. . . . kod

C.5 Fit projections onto the dipion masses of the “+” component of nc in different
bins of cos 0f;-cos 0 (lower and upper limits € {—0.85, —0.6,0.6,0.98}). 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. . . . . . .. ..o 0000000 1d

C.6 Full projections onto the dipion masses of b — ¢ transitions . 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. . . . . .. . ... .00 211

C.7 Fit projections onto the helicity angles of b — ¢ transitions in neutral B decays
for the components + (left) and 0. 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. . . . 214

C.8 Full projections onto the helicity angles of b — ¢ transitions . 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. . . . . . . . ... o000 14

C.9 Full projections onto At for ¢ = +1 (left) and ¢ = —1. The black points show
simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution. . . . . . . .. ... @

C.10 Fit projections of b — ¢ transitions for charge B decays onto AFE for the
three reconstruction categories +,0 and 2c¢ (from left to right). The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . . ... ... ... 14

C.11 Full projections onto AE and M, of b — ¢ transitions in charged B decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . .. 211
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C.12 Full projections onto Fpp/ee and the r-bin fractions of b — ¢ transitions in
charged B decays. The black points show simulated MC events and the solid
line shows the fit result. The residuals are given beneath each distribution. . 11

C.13 Fit projections onto the dipion masses of b — ¢ transitions in neutral B decays
for the components + (left) and 0. 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. . . . 1

C.14 Fit projections onto the dipion masses of the “+” component of b — ¢ transi-
tions in charged B decays in different bins of cos j;-cos 0 (lower and upper
limits € {—0.85,—0.6,0.6 ,0.98}). 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. . . . kad

C.15 Full projections onto the dipion masses of b — ¢ transitions in charged B
decays. 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.. . . . . . . . ... ... ... 21l

C.16 Fit projections onto the dipion masses of b — ¢ transitions in charged B
decays for the reconstruction categories + (left) and 0. 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. . . . . . . ... 29

C.17 Fit projections onto the dipion masses and cos Qﬁ of b — ¢ transitions in
charged B decays for the component 2¢c. 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.@

C.18 Full projections onto the helicity angles of b — ¢ transitions . 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. . . . . . .. ..o 2d

C.19 Full projections onto At for ¢ = +1 (left) and ¢ = —1. The black points show
simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution. . . . . . ... .00 24

C.20 Fit projections onto AE of b — u,d, s transitions in neutral B decays (cate-
gory =) for different slices of cos 65} cos 0. a)cos O < —0.5& —0.5 < cos b <
0.5, b) —0.85 < cos b, cos O < —0.5 and ¢) [cH ™, cos | < 0.5. The residu-
als are given beneath each distribution. . . . . . .. ... ... k2
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C.21 Fit projections onto AFE of b — u,d, s transitions in neutral B decays for
reconstruction category £ (left) and 0. The residuals are given beneath each
distribution. . . . . . . ..

C.22 Fit projections onto My, of b — u,d, s transitions in neutral B decays (cat-
egory +) for different slices of cos 6y} cosfp: a)-c). And for different slices of

AE: d) —0.15 GeV < AE < —0.1 GeV and e) 0 GeV < AFE < 0.05 GeV.
The residuals are given beneath each distribution. . . . . . . . . .. ... ..

C.23 Fit projections onto My. of b — wu,d, s transitions in neutral B decays for
reconstruction categories + and 0. The residuals are given beneath each
distribution. . . . . . ...

C.24 Full projections onto AE and My.of b — u, d, s transitions in neutral B decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

(.25 The fraction of the Breit-Wigner, f (cos 4}, cos ), of the + part of the PDF
for m+,0-m -0 for neutral B decays into charmless final states depending on
the helicity angles. . . . . . . . . ..o

C.26 Fit projections onto myz,0 of b — wu,d,s transitions in neutral B decays
(category +) for different slices of coscosf. a) —0.15 GeV < AFE <
—0.1 GeV and b) 0 GeV < AFE < 0.05 GeV. The residuals are given beneath
each distribution. . . . . .. ..o o

C.27 Fit projections onto the dipion masses of b — ¢ transitions in neutral B decays
for the reconstruction categories + (left) and 0. 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. . . . . . ...

C.28 Full projections onto the dipion masses of b — ¢ transitions in neutral B
decays. 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.. . . . . . . . ... ... . ...

C.29 Fit projections onto cos 6;; — cos 6 of b — u,d, s transitions in neutral B de-

cays (category +) for different slices of AF; [—0.15, —0.1], [-0.1, —0.05], [—0.05, 0

and [0.1,0.15] GeV. The residuals are given beneath each distribution.

C.30 Fit projections onto cos@j; — cosf of b — wu,d, s transitions in neutral B
decays for reconstruction categories + (left) and 0. 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. . . . . . ..o
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C.31 Full projections onto the helicity angles of b — ¢ transitions in neutral B
decays. 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.. . . . . . . . ... ... ...

C.32 Full projections onto Fpp/,; and the r-bin fractions of b — u,d, s transitions
in neutral B decays. The black points show simulated MC events and the

solid line shows the fit result. The residuals are given beneath each distribution 234

C.33 Full projections onto At of b — wu,d, s transitions in neutral B decays for

q = +1 (left) and ¢ = —1. The black points show simulated MC events
and the solid line shows the fit result. The residuals are given beneath each
distribution. . . . . . ..o

C.34 Fit projections onto AE of b — wu,d, s transitions in charged B decays for
reconstruction category +,0 and 2c¢ (from left to right). The residuals are
given beneath each distribution. . . . . . . . . ... 0oL

C.35 Full projections onto AE and My, of b — wu,d, s transitions in charged B
decays. The black points show simulated MC events and the solid line shows
the fit result. The residuals are given beneath each distribution. . . . . . . .

C.36 Fit projections onto the dipion masses of the “4” component of b — u,d, s
transitions in charged B decays in different bins of cos 6;;-cos 0;; (lower and
upper limits € {—0.85, —0.6,0.6,0.98}). 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 244

C.37 Fit projections onto the dipion masses of the “0” component of b — u,d, s
transitions in charged B decays in different bins of cos 6;;-cos 0 (lower and
upper limits € {—0.85, —0.6,0.6,0.98}). 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.m

C.38 Fit projections onto the dipion masses of b — u, d, s transitions in charged B
decays for reconstruction category + (left) and 0. 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. . . . . . ...

C.39 Full projections onto the dipion masses of b — u, d, s transitions in charged B
decays. 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.. . . . . . . . ... ... ..
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C.40 Fit projections onto cos @ of b — u,d, s transitions in charged B decays for
reconstruction category + (left) and 0. 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 244

C.41 Full projections onto cos 05 of b — u, d, s transitions in charged B decays. 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. . . . . . . ... ...

C.42 Full projections onto Fpj/e; and the r-bin fractions of b — u, d, s transitions
in charged B decays. The black points show simulated MC events and the
solid line shows the fit result. The residuals are given beneath each distribution 249

C.43 Full projections onto At of b — wu,d, s transitions in charged B decays for

g = +1 (left) and ¢ = —1. The black points show simulated MC events
and the solid line shows the fit result. The residuals are given beneath each
distribution. . . . . . . ..o @

C.44 Full projections onto AE and My, of BY — 7777~ 70 decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . ... ... ... .. @

C.45 Full projections onto Fpp/,; and the r-bin fractions of B — 7%= 7Y de-

cays. The black points show simulated MC events and the solid line shows
the fit result. The residuals are given beneath each distribution. . . . . . . . 417

C.46 Full projections onto m+,0 — My of B® — 77707~ 70 decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . .. ... ... .. bad

C.47 Full projections onto cosff; — cosf of B — 7t a7~ 7% decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . .. ... ... ... ba4d

C.48 Full projections onto At of BY — 777~ 70 decays for ¢ = +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. . . . . . . . lsd

C.49 Fit projections onto m 40 — Mo of B — afnT 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. . . . 59

C.50 Fit projections onto cos ff; — cosf of B — ainT 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. . . . k53

342



C.51 Full projections onto AE and M,. of B — airT decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . .. .. ... oo 54

C.52 Full projections onto Fpp/e; and the r-bin fractions of B — afn® decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . .. 54

C.53 Full projections onto m +.0 — my—0 of B — afﬁ decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . . ... ... oL @

C.54 Full projections onto cos 0 — cosfy; of B — aiw™ decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . . . .. ... @

C.55 Full projections onto At of B — ainT decays for ¢ = +1 (left) and ¢ = —1.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . .. k51

C.56 Fit projections onto AE of B — a{[pTnT|n® 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. . . . k54

C.57 Fit projections onto M. of B — al[p*nT]7" 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. . . . l5d

C.58 Fit projections onto my+ 0 — my—z0 of B — a[p*7F]r° decays for the com-
ponents + (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 259

C.59 Fit projections onto cos @y — cosy of B — a%[p*nF]x® decays for the com-
ponents + (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 264

C.60 Full projections onto AE and M,. of B — a%[p*7F|n" decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . .. . ... ... ... k61

C.61 Full projections onto Fpp/,g and the r-bin fractions of B — af[p*7F|n° de-
cays. The black points show simulated MC events and the solid line shows
the fit result. The residuals are given beneath each distribution. . . . . . . . k61

C.62 Full projections onto my+ 0 — my—ro of B — al[pnF|7? decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . . ... ... ... 62

C.63 Full projections onto cos 6j; — cosfy; of B — al[p*nF]nx® 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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C.64 Full projections onto At of B — a{[p*nF]r° decays for ¢ = +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. . . . . . . .

C.65 Full projections onto AFE and M. of B — al[p°7%]7" decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . . ... ... ...

C.66 Full projections onto Fpp/,; and the r-bin fractions of B — af[p"7"]x° decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.67 Full projections onto my+m0 — my-r0 of B — a?[p"n%7° decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . ... ... ... ..

C.68 Full projections onto cosf;; — cosfy of B — a?[p7°)7® decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . ... ... ...

C.69 Full projections onto At of B — af[p°7"|7° decays for ¢ = +1 (left) and
g = —1. The black points show simulated MC events and the solid line shows
the fit result. The residuals are given beneath each distribution. . . . . . . .

C.70 Sliced fit projections onto AE of B® — p*nF70 decays for the components =+.
The top row shows projections for a) M. < 5.27; GeV, b) 5.27 GeV < M, <
5.275; GeV, ¢) 5.275 GeV < My, < 5.285;GeV and d) My. > 5.285 GeV
and the bottom row shows e) cosfi; < —0.6, f)cosfy > 0.6& cosfy; < —0.6
g) cosbf > 0.6& —0.6 cos f;; < 0.6 and h) cos fif > 0.6. The black points show
simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution. . . . . . ... ..o

C.71 Sliced fit projections onto My, of B® — pTn¥7% decays for the components
+. The row shows projections for a) cos 6 < —0.6, b) cos 0; > 0.6& cos O <
—0.6 ¢) cos f; > 0.6& — 0.6 cos f; < 0.6 and d) cos 057 > 0.6. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o

C.72 Fit projections onto AE and M, of B® — p*7F 7Y 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.

C.73 Fit projections onto my=m0 of B® — pTnTn% 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. . . . . . ... ..o

C.74 Fit projections onto M +,0 — my— o of B — pTrTxY decays for the compo-
nents + (left) and 0. The black points show simulated MC events and the

bed

solid line shows the fit result. The residuals are given beneath each distribution.lﬂ
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C.75 Fit projections onto cos 0f; —cos 0; of B® — p*7F 7 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.

C.76 Full projections onto AE and M, of B® — p*n¥ 7 decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . .. .. ... oo

C.77 Full projections onto Fpp/,q and the r-bin fractions of B® — p*nF 7 decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.78 Full projections onto myim0 — my—r0 of B® — pta¥n® decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . . .. ... ... ..

C.79 Full projections onto cosfj; — cosfy of B® — p*n¥r0 decays. The black
points show simulated MC events and the solid line shows the fit result. The
residuals are given beneath each distribution.. . . . . . . ... ... ...

C.80 Full projections onto At of B® — p* 7770 decays for ¢ = +1 (left) and ¢ = —1.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.81 Full projections onto AE and My, of BY — p°m%7% decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o

C.82 Full projections onto Fpp/,, and the 7-bin fractions of B® — pn%7° decays.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.83 Full projections onto M+ 0 — My 0 of BY — p%7%7% decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o

C.84 Full projections onto cos 6f; — cos 0; of B® — p77% decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . . . ... ..o

C.85 Full projections onto At of BY — pY7%70 decays for ¢ = +1 (left) and ¢ = —1.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.86 Full projections onto AE and My, of B® — fom7® decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . . . .. ... 0oL

C.87 Full projections onto Fpp/,, and the r-bin fractions of B® — for’n” 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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C.88 Full projections onto m+,0 —my— o of B® — fom%7® decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . .. .. ... 0oL

C.89 Full projections onto cos f; — cos 0 of BY — for7® decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . .. .. ... oo

C.90 Full projections onto At of BY — fon%7? decays for ¢ = +1 (left) and ¢ = —1.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.91 Full projections onto AE and My, of BY — wn? decays. The black points show
simulated MC events and the solid line shows the fit result. The residuals are
given beneath each distribution. . . . . . ... .00 00000

C.92 Full projections onto Fpp/,; and the r-bin fractions of B% — wn® decays. The
black points show simulated MC events and the solid line shows the fit result.
The residuals are given beneath each distribution. . . . . . . . . ... .. ..

C.93 Full projections onto my+,0 — my—ro of B® — wn® decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o

(.94 Full projections onto cos6;f — cosfy of B® — wr® decays. The black points
show simulated MC events and the solid line shows the fit result. The residuals
are given beneath each distribution. . . . . . ... ..o

C.95 Full projections onto At of B® — wr® decays for ¢ = +1 (left) and ¢ = —1.
The black points show simulated MC events and the solid line shows the fit
result. The residuals are given beneath each distribution. . . . . . . . . . ..

C.96 Fit projections ont AE, My, and Fpp/4q 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. . . . . . ... ..o

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 [L4]). 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. . . . . . ... .00 L

C.98 Fit projections onto At of continuum data. Left shows events with Br,, = B°.
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. . . . . . . . .. ...
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C.99 cos fy-dependent reconstruction efficiencies in 29 bins of AFE obtained from
fully reconstructed signal MC events used for choosing the five bins (Fig. ETT])
as explained in Section[d3] . . . . . . ... Lo

C.100m,+ 0 distributions of a,b) continuum MC simulation and c¢,d) on-resonance
data in equidistant slices of cos6; (a,c) and cosfy (c,d). a) and c) show the
good agreement of the correlation of m +,0 with cos 65 in both data samples,
while there is no significant correlation with cosfy. . . . . .. .. .. .. ..

C.101cos 64} distributions a,b) continuum MC simulation and ¢,d) on-resonance data
in equidistant slices of m+.0 (a,c) and m,—o (c,d). a) and c¢) show the good
agreement of the correlation of cos 6} with m +.0 in both data samples, while
there is no significant correlation with m,—0. . . . . . . . . . . ... .. ..

C.102AE distributions of a) continuum MC simulation and b) on-resonance data
in equidistant slices of Fgp/,s. The correlation in b) seems less strong, but
the increasing BB contributions for larger values of /s are polluting the
distributions. The four-pion contribution is already visible through the peak
arising in the bin before the last bininb). . . . . . .. ... ... ... ...

C.103Distributions of the helicity angles from continuum MC simulation for recon-
struction type “0” in equi-distant bins of m .+ owith the fit result on top. . .

C.104Distributions of the dipion masses from continuum MC simulation for recon-
struction type “0” in bins of cos 8 with the fit result on top. . . . . . . . ..

C.108Distributions of the dipion masses from continuum MC simulation for recon-
struction type “+” in bins of cos 6f; with the fit result on top. . . . . .. ..

C.106Distributions of the dipion masses from continuum MC simulation for recon-
struction type “+” in bins of cos;; with the fit result on top. . . . . . . ..

C.10Mistributions of the dipion masses from continuum MC simulation for recon-
struction types “+” and inverted “-” in bins of cos#;; with the fit result on
TOD. . o e e e

C.108istributions of the helicity angles from continuum MC simulation for recon-
struction type “+” in equi-distant bins of m .+ owith the fit result on top. . .

C.10Distributions of the helicity angles from continuum MC simulation for recon-
struction type “+” in equi-distant bins of m - owith the fit result on top. . .

C.11MDistributions of the helicity angles from continuum MC simulation for recon-
struction type “2¢” in equi-distant bins of m + owith the fit result on top.

C.111Distributions of the dipion masses from continuum MC simulation for recon-
struction type “2c” in bins of cos @y with the fit result on top. . . . . . . ..
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D.1

D.2

D.3

D4

D.5

D.6

D.7

D.8

D.9

Results of B(B® — p™p~) from fits to pseudo experiments generated from
fully simulated MC events. The generated value goes from B(B° — pTp~) =
20 x 107% (upper left) to 26.5 x 107% in steps of 0.5 x 107%. The generated
values are indicated by the green arrows. . . . . . . . . . ... ...

Error distributions of B(B° — p*p~) from the fits to pseudo experiments
generated from fully simulated MC events. The generated value goes from

B(B — pTp~) =20 x 107¢ (upper left) to 26.5 x 1075 in steps of 0.5 x 107°.

Results of fr from the fits to pseudo experiments generated from fully sim-
ulated MC events and their error distributions below. The generated value
goes from f;, = 0.90 (upper left) to 1.00 in steps of 0.02. The generated values
are indicated by the green arrows. . . . . . . ... ... L.

Results of Acp of B® — pTp~ 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
GTEEIL ATTOWS. . .« + v o o v i e e e e e e

Results of Scp of BY — p*p~ 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
GUEEIL ATTOWS. . .« « v o o v e e e e e e e

Pull distributions for Agp of BY — pTp~ 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. . . . . .. ..o

Pull distributions for Sgp of BY — pTp~ 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. . . . . . . . ...

Distribution of the errors of the fit results of Aq-p for a variation of Sgp from
fully simulated MC events. The generated value goes from S¢p = —1 (upper
left) to Tin steps of 0.25. . . . . . . ..o
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