1 Supplementary material

1.1 Selection
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Figure 3: A scatter plot showing the mass and BDT distributions of events used for the analysis,
for the full dataset used in Run 1 and Run 2. The BDT variable is shown on the x-axis and the
invariant mass of the two muons is shown on the y-axis. The dashed green line indicates the

signal mass region, for which m,,+,- € [5200, 5445] MeV /c?.
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Figure 4: Mass distribution of the main background sources: combinatorial background (blue
short dashed), B?s) — hth'~ (magenta dotted), B® — 7~ utv, and B — K~ u*v, (black
dot-dashed), B*H) — %)+~ (cyan dot-dashed), Bf — J/¢utv, (orange dot-dashed) and
/12 — ppu~ v, (violet dot-dashed). The dashed green line indicates the signal mass region, for

which m,,+,- € [5200, 5445] MeV /c?.
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Figure 5: BDT input variable distributions in 2012 data high-mass sideband candidates (black
dots), simulated combinatorial background events (blue triangles) and simulated BY — pu*pu~
signal events (red triangles). The tracks used for Long track isolation BDT are defined as those

that have been reconstructed both before and after the magnet.



1.2 Calibration of the signal BDT distribution
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Figure 6: Expected BDT distribution in (top) Run 1 and (bottom) Run 2 data for B® — ptpu~
signal calibrated with BY — K7~ control channel (black squares) and combinatorial background
from high-mass sidebands (blue circles).
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Figure 7: Mass distribution of the selected B — K7~ candidates (black dots) in each BDT
bin of Run 1 data, used to evaluate the BDT distribution for B?S) — . The result of the
fit is overlaid (blue solid line) and the different components are detailed: B° — K*7~ (red
solid line), BY— K*7~ (green solid line), A) — ph~ (magenta dotted line) and combinatorial

background (blue dashed line).
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Figure 8: Mass distribution of the selected B — K7~ candidates (black dots) in each BDT
bin of Run 2 data, used to evaluate the BDT distribution for B?S) — . The result of the
fit is overlaid (blue solid line) and the different components are detailed: B° — K*7~ (red
solid line), BY— K*7~ (green solid line), A) — ph~ (magenta dotted line) and combinatorial

background (blue dashed line).



1.3 Calibration of the signal mass distribution
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Figure 9: Mass distribution of the selected B® — KTm~
Run 1 and (bottom) Run 2 data. The result of the fit to determine the peak value of the
B — p*p~ mass distribution is overlaid (blue solid line) and the different components are
(red solid line), BY — K+~ (green solid line) and combinatorial
background (blue dashed line). Candidates shown in this plot do not have to pass any explicit

detailed: BY —» Ktr~

trigger requirements.
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Figure 10: Mass distribution of the selected BY — KT K~ candidates (black dots) in (top)
Run 1 and (bottom) Run 2 data. The result of the fit to determine the peak value of the
BY — p ™ mass distribution is overlaid (blue solid line) and the different components are
detailed: B® — KTK~ (red solid line), BY — K*K~ (green solid line) and combinatorial
background (blue dashed line). Candidates shown in this plot do not have to pass any explicit
trigger requirements.
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Figure 11: Mass distribution of J/¢¥ — u*u~ candidates in (top) Run 1 and (bottom) Run 2
data. The widths of the distributions are used for the interpolation in Figure 14.
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Figure 12: Mass distribution of ¢(25) — u*u~ candidates in (top) Run 1 and (bottom) Run 2
data. The widths of the distributions are used for the interpolation in Figure 14.
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Figure 13: Mass distribution of 7°(1S5,2S5,35) — utu~ candidates in (top) Run 1 and (bottom)
Run 2 data. The widths of the distributions are used for the interpolation in Figure 14.

11



60

(r\]_1 T T T T T T
Q
; 35 LHCb Run 1
é) 50 .Interpolation fit
_.J 45 e Resolution from mass fits
£ 40
© 35
30
25
20
15
10 L '
5000 10000 )
M., - [MeV/c?]
& 60 T
Q
; 35 LHCb Run 2
g 50 .Interpolation fit
I_.‘ 45 * Resolution from mass fits
£ 40
@)

|
10000

m,. - [MeV/c?]

Figure 14: Fit of a power-law to the widths of charmonium and bottomonium resonances in
(top) Run 1 and (bottom) Run 2 data.
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1.4 Normalisation

3500
. LHCb Run 1
3000 | — Total
2500} — B Kw
N B,— K'n~
S A Comb. bkg

Candidates / (10 MeV/c?)
&
S

3000

E ) ) | ) ) ) ] ) ) L ]
50200 5400 5600 5800

my._- [MeV/c?]
T T T ]
6000 3
. LHCb Run 2 ;
5000 - —— Total A
B — B =K' ]
4000 [~ B— K'n~ -
N Comb. bkg ]

2000
1000

9260 T

Candidates / (10 MeV/c?)

) ] ) ) ]
5600 5800
my. - [MeV/c?]

] )
5400

Figure 15: Mass distribution of the selected B® — K*7~ candidates (black dots) in (top)
Run 1 and (bottom) Run 2 data. The result of the fit to determine the normalisation yield is
overlaid (blue solid line) and the different components are detailed: B — K+~ (red solid line),
BY— K*7~ (green solid line) and combinatorial background (blue dashed line). Candidates
shown in this plot are triggered almost independently of signal.
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Figure 16: Mass distribution of the selected BT — J/¥K* candidates in (top) Run 1 and
(bottom) Run 2 data. The result of the fit to determine the normalisation yield is overlaid and
the different components are detailed: BT — J/¢ K™ (red dotted line), Bt — J/¥7mt (purple
dashed line), and combinatorial background (green dashed-dotted line). Candidates shown in
this plot are triggered almost independently of signal.
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1.5 Branching fraction analysis results
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Figure 17: Mass distributions of the selected B?S) — ptp~ candidates (black dots) in bins of
BDT. The result of the fit is overlaid (blue solid line) and the different components are detailed:
BY — utpu~ (red long dashed), BY — u*pu~ (green medium dashed), combinatorial background
(blue short dashed), B?S) — hTh'~ (magenta dotted), B® — 7~ u*v, and B — K~ Ty, (black
dot-dashed), B’ — 7%+~ (cyan dot-dashed), BY — J/vu*v, (orange dot-dashed) and
AY) — pu~ 1, (violet dot-dashed).
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Figure 18: Mass distribution of the selected B?S) — utpu~ candidates (black dots) with BDT > 0.5
and twice the number of mass bins shown in Fig.1. The result of the fit is overlaid (blue solid
line) and the different components detailed: B? — p*p~ (red long dashed), B® — utpu~
(green medium dashed), combinatorial background (blue short dashed), B?S) — hTh'~ (magenta
dotted), B® — 7~ pu*v, and B? — K~ u*v, (black dot-dashed), B+ — 70)+y~ (cyan
dot-dashed), B} — J/vu'tv, (orange dot-dashed) and A9 — pu~w, (violet dot-dashed).
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Figure 19: Legend for the fit to the mass distribution of the selected B?S) — ptp~ candidates.
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Figure 20: Results from the CLg scan used to obtain the limit on B(B® — u*u~). The
background-only expectation is shown by the dotted line and the 1- and 2-0 bands are shown as
green and yellow bands respectively. The observation is shown as the solid black line. The two
red lines intersecting with the observation indicate the limits at 90% and 95% CL for the upper
and lower line respectively.
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Figure 21: —2A1In L, where Aln L is the difference between the log-likelihood values evaluated
in the point under consideration in the B(B® — p*u~) versus B(B? — utp~) plane and in the
best-fit point. This histogram is used to evaluate the contour levels in Fig. 22.
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Figure 22: A 2 dimensional representation of the branching fraction measurements for B? — p+p~
and B — ptp~. The Standard Model value is shown as the red cross labeled SM. The central
value from the branching fraction measurement is indicated with the black plus sign. The profile
likelihood contours for 1,2,3,... o are shown as blue contours.
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1.6 Effective lifetime of B'— K*7~ decays

()1
=
-}

o
(@]
(@]

200

100

Candidates / ( 10 MeV/c?)
=
@)

LHCb
—— Total

—0 .
— B,—K'n
— B'=K*'n

----- Combinatorial

i
k

..............

O - "
5200 5300 5400 5500

<
a

<
QN

[

m

600

500

400
300

Candidates / (1 ps)

200

100

1A
lE‘I

LHCb

-

Figure 23: Extended unbinned maximum likelihood fit to the invariant mass distribution of
B?— K*7~ candidates (top), which is then used to compute s Weights, and unbinned maximum
likelihood fit to the sWeighted decay time distribution of B — K+7~
used to determine the B®— K*7~ lifetime. The invariant mass PDF contains a B — K+n~
component (green), BY — K7~ component (red) and a combinatorial background component

(dark blue dot-dashed).
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1.7 Acceptance function
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Figure 24: Unbinned maximum likelihood fit to the decay time distribution of simulated
BY— p*pu~ signal events. The fit is used to determine the acceptance function parameters.
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Figure 25: Acceptance function determined from the unbinned maximum likelihood fit to the
decay time distribution of simulated B? — p*u~ signal events.
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