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Optimal measurement to probe the SM and to constrain scenarios

beyond it.
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Optimal measurement to probe the SM and to constrain scenarios
beyond it.

A challenging measurement:

® decay with 2 neutrinos in the final state leaving no signature in the detector;

e can be measured at B factories because of the clean event environment and the well
defined initial state.
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SuperKEKB
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SuperKEKB

e Asymmetric-energy e'e” collider operating
at v/s =10.58 GeV - Y(4S) resonance.

®¢ Second generation B factory
based on the nanobeam scheme:
major upgrade of its predecessor KEKB.

electron ring

¢ World highest instantaneous luminosity:
24%x10* cm™? s7! recorded in June 2020.

® Total integrated luminosity
up to now (2021) ~90 fb~'.

positron damping ring
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https://arxiv.org/abs/1011.0352

SuperKEKB

. — . . Interaction
e Asymmetric-energy e'e” collider operating

at 1/s =10.58 GeV - Y(4S) resonance. <\ ——

. =g
® Second generation B factory — -
based on the nanobeam scheme:

major upgrade of its predecessor KEKB.

electron ring

o
¢ World highest instantaneous luminosity:

2.4%10** cm™2 s7! recorded in June 2020. positron rlng

linear injector

® Total integrated luminosity
up to now (2021) ~90 fb~'.

ositron damping rin
® For this study: P pIng rng

- 63 fb~! of data collected at \/_ — Y(4S)
resonance ~ 68 million BB pairs.

- 9fb~! of (off-resonance) data collected
60 MeV below the Y(4S) resonance for
background studies.
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https://arxiv.org/abs/1011.0352

The Belle II detector
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The Belle II detector

New detector with respect to the predecessor Belle.

iElectromagnetic Calorimeter ECL: KL aFd muon detector
5 (CsI(Tl) crystals) : (resistive plates and
e e e e et i scintillators)

Vertex Detector
i (pixels detector PXD and :
i silicon strips detector) :

: Particle ID: ,
i Time-of-Propagation counter (barrel)i
i Aerogel RICH (fwd)

i(cylindrical wire chamber i
twith 14336 sense wires)
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Previous searches for BT — K'ui
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Previous searches for BT — K'ui

The previous studies all adopted an

explicit reconstruction of the B,
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Previous searches for BT — K'ui

e~ > Y(4S) <« et
The previous studies all adopted an

explicit reconstruction of the B,
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Previous searches for BT — K'ui

e

The previous studies all adopted an

explicit reconstruction of the B,
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Previous searches for BT — K'ui

L mYUS) <t

The previous studies all adopted an

explicit reconstruction of the B,

followed by the signal reconstruction.
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Previous searches for BT — K'ui

LT YES) < et

The previous studies all adopted an

explicit reconstruction of the B,

followed by the signal reconstruction.

'

Low reconstruction efficiency because of
the low tag-reconstruction efficiency:

e hadronic tag €, €,, ~0.04%

e ~ 0.2%

8

e semileptonic tag €,
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Previous searches for BT — K'ui

The previous studies all adopted an
explicit reconstruction of the B,

followed by the signal reconstruction.

Low reconstruction efficiency because of
the low tag-reconstruction efficiency:

e hadronic tag ¢
e semileptonic tag ¢

'

g " Crag

g " Crag

~ 0.04 %

~0.2%

e~ — Y(4S)

Only upper limits on the branching ratios were set:

— e

: Observed limit on _1
fb
Experiment Year BR(B* — K*uD) Approach | Dataltb™]
-5 +
BABAR 2013 < 1.6X%10 SL + Had 429
[Phys.Rev.D87,112005] tag
-5
Belle 2013 <3.5x10 Had tag 711
[Phys.Rev.D87,111103 (R)]
<19x 10_5 711
Belle 2017 [Phys.Rev.D96,091101 (R) ] SL tag
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101
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The inclusive tagging
The idea
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The inclusive tagging
The idea

e Signal reconstructed as the highest py
track with at least 1 PXD hit (correct
match ~ 80% )

x10~2
8 |Belle II preliminary — _
I [ Neutral B
@ Charged B
% s E cc
(O] 6 B sS -
:G>J I B uu
"5 i B dd |
a4 [ B"—K"'ww _
o 5 ¢ Exp8, Run 3123 -
i}
5 i
@ I
& 2
0
0 1 2 3 4 o)

pr(K™) [GeV/c]
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The inclusive tagging
The idea

e Signal reconstructed as the highest py
track with at least 1 PXD hit (correct
match ~ 80% )

x10~2
8 |Belle II preliminary — -
a [ Neutral B
I @ Charged B
2t s
() 6 B ss ]
:G>J I B uu
"5 i B dd |
a4 — B"—K'ww _
9o i ¢ Exp 8, Run 3123 |
i}
(@) i 4
© i
<2
0

pr(K™) [GeV/c]

e — Y(4S)

/

+

Sig

Highest
pT track
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The inclusive tagging
The idea

r--------------

e Signal reconstructed as the highest p; . e = Y(4S) <« €+
track with at least 1 PXD hit (correct SEORRERE S
match ~80% ) followed by inclusive
reconstruction of the rest of the event
(ROE) . " 4

B l%ag

Highest
pT track
x10~2
I ., — -+
| Belle II preliminar _
8 a P Y [ Neutral B
I @ Charged B
2} o
Cng 6 B ss -
| =
‘g i B dd |
a 4 [ B"—K"'ww _
o - ¢ Exp8, Run 3123 -
i}
O i ]
) I
& 2
0
0 1 2 3 4 o)

pr(K™) [GeV/c]
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The inclusive tagging
The idea

e Signal reconstructed as the highest p; e — Y(4S) <« €+
track with at least 1 PXD hit (correct
match ~80% ) followed by inclusive
reconstruction of the rest of the event
(ROE) . +
Sig
e Higher signal efficiency ¢;, ~4% but
larger background contributions from
generic B decays and continuum production
(uit, dd, cc, s5). Highest
pT track
x10~2
| Belle IT prelimi = i
8 _ elle preliminary = Neutral B
I @ Charged B
B3t i I
CIC:J 6 B ss ]
| B i
qs I B dd i
! 4 1 B"—K'w —
9o i ¢ Exp 8, Run 3123 |
ik}
=5 ]
c I
&2
0
0 1 2 3 4 D

pr(K™) [GeV/c]
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Features of BT —» K uvp
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Features of BT —» K uvp

Signal identification exploiting topological features of BT — K'up
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Features of BT —» K uvp

Signal identification exploiting topological features of BT — K'ub.

x1072
e For example the event shape: S-ﬁu&f - — -
elle pre 1m1nary
p— —_\ = ~ - 1 Neutral B
BB B(—)K\)\))B qq - @ Charged B
306 I e -
qc'p i B ss
:G>.) I u1:1
x~ g 4 EI dBO‘1F K* v i
o i —K v |
S I ¢ Exp 8, Run 3123 |
*g i
& 2 |
O J' -
0.0 0.2 0.4 0.6 0.8 1.0
sphericity
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Features of BT —» K uvp

Signal identification exploiting topological features of BT — K'ub.

x 1072
e For example the event shape: 5 - — -
. o . | Belle II preliminary 1 Neutral B
BB B(_)K\)\))B qq - @ Charged B
36 i R .
% I I ss
:G>J B uu
. 5 4 e 1
- [ B"—K'ww |
S ¢ Exp 8, Run 3123 |
*g _
= 2
O - e
0.0 0.2 0.4 0.6 0.8 1.0

sphericity

e But also:

— other variables related to the event features;

— variables related to the kinematics of the signal K candidate;
— variables related to the ROE;

_ variables related to the DY/D* suppression.
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Multivariate classification
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.
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https://link.springer.com/article/10.1007/s41781-017-0002-8#citeas

Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.

e train BDT, on 1.6M signal events and
1.6MX (B*B™, BB, uii, dd, c¢, ss, 7777) events:
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.

e train BDT, on 1.6M signal events and
1.6MX (B*B™, BB, uii, dd, c¢, ss, 7777) events:

FIRST SIGNAL IDENTIFICATION
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.

e train BDT, on 1.6M signal events and
1.6MX (B*B™, BB, uii, dd, c¢, ss, 7777) events:

FIRST SIGNAL IDENTIFICATION

e train BDT, - same features - on the events
with BDT, > 0.9 among 100 fb™! events of

generic background and 1.6M events of
signal:
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.

e train BDT, on 1.6M signal events and
1.6MX (B*B™, BB, uii, dd, c¢, ss, 7777) events:

FIRST SIGNAL IDENTIFICATION

e train BDT, - same features - on the events
with BDT, > 0.9 among 100 fb™! events of
generic background and 1.6M events of
signal:

IMPROVEMENT OF SIGNAL SENSITIVITY
(+10%, up to ~50%)
IN THE HIGH PURITY REGION
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary
classifiers (FastBDT) BDT, and BDT,.

e train BDT, on 1.6M signal events and
1.6MX (B*B™, BB, uii, dd, c¢, ss, 7777) events:

FIRST SIGNAL IDENTIFICATION

e train BDT, - same features - on the events
with BDT, > 0.9 among 100 fb™! events of
generic background and 1.6M events of
signal:

IMPROVEMENT OF SIGNAL SENSITIVITY
(+10%, up to ~50%)
IN THE HIGH PURITY REGION

L
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Multivariate classification

51 well separating variables are used to train 2 consecutive binary

classifiers (FastBDT) BDT, and BDT,.

e train BDT; on 1.6M signal events and
1. 6M><(B+B BYB°, ui, dd, c¢, s5, t7t7) events:

FIRST SIGNAL IDENTIFICATION

e train BDT, - same features - on the events
with BEﬂ]>>O9 among 100 fb™! events of
generic background and 1.6M events of
signal:

IMPROVEMENT OF SIGNAL SENSITIVITY
(+10%, up to ~50%)
IN THE HIGH PURITY REGION

L

BDT, > 0 9

| — I ' ' ' ' I ' ' . X -4
0.5 ; EXpectatlon for 63 fb-! //\.': 29
0.4 . 120
0.3F el 115
0.2 110
01 _ Prelle II. preliminary \\‘\\\\ 15

i simulation S
0.0.L :

05 06 07 08 09 1.0
Lower threshold on BDT, output
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Multivariate classification

51 well separating variables are
classifiers (FastBDT) BDT, and BDT,.

e train BDT; on 1.6M signal events and
1. 6M><(B+B BYB°, ui, dd, c¢, s5, t7t7) events:

FIRST SIGNAL IDENTIFICATION

e train BDT, - same features - on the events
with BEﬂ]>>O9 among 100 fb™! events of
generic background and 1.6M events of
signal:

IMPROVEMENT OF SIGNAL SENSITIVITY
(+10%, up to ~50%)
IN THE HIGH PURITY REGION

used to

train 2

BDT, > 0.9

consecutive

binary

Signal Region

—

0.5 3 EXpectatlon for 63 fb-!

Belle IT preliminary

simulation

0.0L

N
o1

|
[\®)
)

Signal efficiency [%]

]
—
(@)

4
’
o1

\ i
SN i
\
\ A
L

0

05 06 0.7

T I
0.8

IO.9I |

1.0

Lower threshold on BDT, output
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Definition of the fit region
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00

10 11 12
0.99
7 3 9
5 0.97
% 4 5 6
0.95
1 2 3
0.93
0.5 2.0 2.4 3.5
_|_
PT(K )[GGV/C]
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12 Bins 4,5,6,7,8,9,10:
0.99
7 8 9
g}‘ 0.97
% 4 5 6
0.95
1 2 3
0.93
0.5 2.0 2.4 3.5
_|_
PT(K )[GGV/C]
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12
0.99

7 3 9
5 0.97

% 4 5 6
0.95

1 2 3
0.93

0.5 2.0 2.4
_|_
PT(K )[GGV/C]

3.5

Bins 4,5,6,7,8,9,10:

— Signal Region (SR):
the Y(4S) resonance;
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12
0.99

7 3 9
g;’ 0.97

% 4 5 6
0.95

1 2 3
0.93

0.5 2.0 2.4 3.5
_|_
PT(K )[GGV/C]

Bins 4,5,6,7,8,9,10:

— Signal Region (SR): fit of data at
the Y(4S) resonance;

— Control Region 2 (CR2): fit of off-
resonance data.
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12
0.99
7 8 9
£ 0.97
% 4 5 6
0.95
1 2 3
0.93
0.5
PT(K " )[GGV/C]

-
E — Signal Region (SR): fit of data at
+— the Y(4S) resonance;

— Control Region 2 (CR2): fit of off-
resonance data.

Bins 1,2,3:
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12
0.99
7 8 9
£ 0.97
% 4 5 6
0.95
1 2 3
0.93
0.5
PT(K " )[GGV/C]

-
E — Signal Region (SR): fit of data at
+— the Y(4S) resonance;

— Control Region 2 (CR2): fit of off-
resonance data.

Bins 1,2,3:

— Control Region 1 (CR1l): fit of data
at the Y(4S) resonance;
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Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1.00 10 11 12
0.99

7 3 9
g;‘ 0.97

8 4 5 6
0.95

1 2 3
0.93

0.5 2.0 2.4 3.5
_|_
PT(K )[GeV/C]
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— Signal Region (SR): fit of data at

— Control Region 2 (CR2): fit of off-

-
< 'ﬁ the Y(4S) resonance;

resonance data.

Bins 1,2,3:

— Control Region 1 (CR1l): fit of data
at the Y(4S) resonance;

— Control Region 3 (CR3): fit of off-
resonance data.



Definition of the fit region

Optimised bin boundaries set up in the pn(K") X BDT, space:

1. s
00 10 11 12 ' Bins 4,5,6,7,8,9,10:
0.99 :
E — Signal Region (SR): fit of data at
7 3 9 +— the Y(4S) resonance;
~ E
~ 0.97 ' — Control Region 2 (CR2): fit of off-
- 4 5 6 : resonance data.
m g gy
0.95 el
» Bins 1,2,3:
1 2 3
I E — Control Region 1 (CR1l): fit of data
0-930.5 20 24 35 E at the Y(4S) resonance;
pT(K+)[GeV/C] E — Control Region 3 (CR3): fit of off-
: resonance data.
Control Region 1-2-3 to constrain bkg’s
yields.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Filippo Dattola | Search for Bt — K*vi decays with an inclusive tagging method at the Belle Il experiment

10



Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of B* —>K+J/1;/_)M+ﬂ events
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of Bt — K+J/l//_w+ﬂ_ events
Strategy to mimic reconstructed
B" - K*vD events.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of Bt — K+J/l//_),u+ﬂ_ events
Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of B+-enK+Jhy9Ww_ events
Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K7
in BT - K*vi.
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Validation using B' — K+]/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of B+-+nK+Jhquw_ events

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

® 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K™
in Bt - K'vi.

® Reconstruct the modified

B* — K+J/‘//—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental

signature.

Identification of B™ — K'J/y_ .

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K™

in BT - Ktui.

® Reconstruct the modified

B* — K+J/l/j—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.

events

Events

2000

1500

1000

500

=)

Belle IT preliminary

TR NN NN NN

[Lat=63fH"
400
v 300
=
o 200
>
- 100
O ] | I | I | | I | | I |
0.0 0.2 0.4 0.6 0.8 1.0
BDT, (BDT; > 0.9)
71 B*"—K*"J/¢,,+,- MC ¢ BT—=K*'J/¢y,,+,- Data
1 B"=K*'J/y 0+ MC ¢ B"—=K"'J/¢,,, Data
[ ]
BT—K vy MC o
0.2 0.4 0.6 0.8
BDT,
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental

signature.

Identification of B+-+nK+Jhqum

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K™
in Bt - K'vi.

® Reconstruct the modified

B* — K+J/l/j—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.

events

Events

2000

1500

1000

500

default B — K+J/l//—>u+u‘

events

Belle IT preliminary
[Lat=63fH"
400
// » 300 |
A
o 200
>
{/ ™ 100 e
/ O ] | I | I | | I | | I |
00 02 04 06 08 1.0
/ BDT, (BDT; > 0.9)
7 71 B*—=K"J/¢y_,,+,- MC ¢ BT—=K*'J/¢y,,+,- Data ]
///E::] B*—=K"J/¢_ -, MC t  B'oK'J/$,-, Data
S BT —K*tww MC o
0.0 0.2 0.4 0.6 0.8 1.0

BDT,
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental

signature.

Identification of B+-+nK+Jhqum

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K™
in Bt - K'vi.

® Reconstruct the modified

B* — K+J/l/j—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.

events

default B — K+J/l/j—>u+u‘

events

2000
Belle IT preliminary

[Lat=63fH"
400

1500 300

200

Events

ANANAE
~—

1000 100

Events

0.0 BQIIBAII66IIBBII30
BDT, (BDT; > 0.9)

71 B*"—K*"J/¢,,+,- MC ¢ BT—=K*'J/¢y,,+,- Data
1 B"=K*'J/y 0+ MC ¢ B"—=K"'J/¢,,, Data

[ ]
BT—K vy MC

500

i SANANANAN

1.0

=)

BDT,

BT — K+J/l//_)ﬂ .- events:

e 4"y~ ignored;
e Kt kinematics
updated.
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Validation using B' — K+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental

signature.

Identification of B+-+nK+Jhqum

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K™
in Bt - K'vi.

® Reconstruct the modified

B* — K+J/l/j—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.

events

events

default B — K+J/l/j—>u+u‘

2000

1500

ANANAE
~—

1000

Events

500

i SANANANAN

=)

Events

400

300

200

100

[ B*—K*J/y,,:, MC
—1 B+—)K+J/¢_>l/+l/7 MC +
BT —K*tww MC

Belle IT preliminary
[Lat=63fH"

0.0 }lZII }l4ll }IGII }L8II HHO

BDT, (BDT; > 0.9)
¢ BY—K'J/¢,,:, Data
B*—K*J/y+, Data

1.0
BDT,

BT — K+J/l//_)ﬂ )

e 4"y~ ignored;

e Kt kinematics
updated.

events:
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Validation using B' — K+]/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental

signature.

Identification of B+-+nK+JhquW

D

Strategy to mimic reconstructed
B" - K*vD events.

e Ignore the u*tu from the
selected J/y decay.

e 2-body — 3-body kinematics:
replace the 4-momentum of the
K™ with the generator-level
4-momentum taken from the K7
in Bt - K'vi.

® Reconstruct the modified

B* — K+J/‘//—>ﬂ+ﬂ— events with the
inclusive tagging algorithm.

events

events

default B — K+J/l/j—>u+ﬂ‘

2000

1500

ANANAE
~—

1000

Events

500

i SANANANAN

=)

Excellent Data-MC agreement for the BDT's.

Events

400

300

200

100

[ B*—K*J/y,,:, MC
—1 B+—>K+J/¢_M/+//7 MC +
BT —K*tww MC

Belle IT preliminary
[Lat=63fH"

0.0 }lZII }l4ll }IGII }L8II HHO

BDT, (BDT; > 0.9)
¢ BY—K'J/¢,,:, Data
B*—K*J/y+, Data

1.0
BDT,

BT — K+J/l//_)ﬂ )

e 4"y~ ignored;

e Kt kinematics
updated.

events:
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Validation using off-resonance data
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Validation using off-resonance data

Investigation of the Data-MC agreement between simulated continuum
and off-resonance data in CR2-CR3.
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Validation using off-resonance data

Investigation of the Data-MC agreement between simulated continuum
and off-resonance data in CR2-CR3.

60 1D projection of 2D CR2-CR3

| Belle IT preliminary
- [cat=91fb!

40

—1
(—
B ss
.
.
¢

Events

20

1.5¢

1.0 |t rpiompmisfis .z

0.5 B | L | T | |7
1 2 3 4 5 o0 7 8 9 10 11 12
pr(K*)xBDT, bins

Data/MC
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Validation using off-resonance data

Investigation of the Data-MC agreement between simulated continuum
and off-resonance data in CR2-CR3.

60 1D projection of 2D CR2-CR3

| Belle IT preliminary
- [cat=91fb!

40

—1
(—
B ss
.
.
¢

Events

20

1.5¢

1.0 |t rpiompmisfis .z

0.5 B | L | T | |7
1 2 3 4 5 o0 7 8 9 10 11 12
pr(K*)xBDT, bins

Data/MC

® Very good Data-MC shape agreement.
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Validation using off-resonance data

Investigation of the Data-MC agreement between simulated continuum
and off-resonance data in CR2-CR3.

60 1D projection of 2D CR2-CR3
| Belle IT preliminary | 3
- [cat=9f " m
- | [ S
%) 40 .
I= ‘ —
~ ¢
F
O ; ; .
S | | Z
E . Z : ..... _|_——E ............................ ._:
a 0.5 B | | S |

1 2 3 4 5 6 7 8 9 10 11 12
pr(K*+)xBDT, bins

® Very good Data-MC shape agreement.

e But discrepancy in yields: data/simulation = 1.4=*0.1
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Validation using off-resonance data

Investigation of the Data-MC agreement between simulated continuum
and off-resonance data in CR2-CR3.

60 1D projection of 2D CR2-CR3
| Belle IT preliminary | 3
-/Edt:9fb—1 [
- i B ss
%) 40 [
.E L
~ ¢
]
O ; .
2 I ]
E . AT I TN AV S SN A A YS9 _'l'____‘: ............................ ._;
a 0.5 B | | S |

R | | L]
1 2 3 4 5 o6 7 8 9 10 11 12
pr(K™)xBDT, bins
® Very good Data-MC shape agreement.
e But discrepancy in yields: data/simulation = 14=%0.1.

e Tntroduction of conservative 50% normalisation uncertainty in the fit for each
bkg yield individually.
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Fit procedure
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Fit procedure

if [Heinrich, Lukas and Feickert, Matthew

Statistical interpretation with .y and Stark, Giordon. pyhf:v0.5.4.]

differentiable
Yikelihoods

statistical model for multi-bin histogram-based analysis.
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Fit procedure

if [Heinrich, Lukas and Feickert, Matthew

Statistical interpretation with .y and Stark, Giordon. pyhf:v0.5.4.]

differentiable
Yikelihoods

statistical model for multi-bin histogram-based analysis.

Extended Maximum Likelihood Binned Fit:

f(n,aln,x) =

n = parameter of interest
XY =nuisance parameters
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Fit procedure

if [Heinrich, Lukas and Feickert, Matthew

Statistical interpretation with .y and Stark, Giordon. pyhf:v0.5.4.]

differentiable
Yikelihoods

statistical model for multi-bin histogram-based analysis.

Extended Maximum Likelihood Binned Fit:

famalnp= ] T[] Poistres] v, )

reregions bebins

Simultaneous measurements of
multiple regions

n = parameter of interest
XY =nuisance parameters
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Fit procedure

differentiable
Yikelihoods

if [Heinrich, Lukas and Feickert,
Statistical interpretation with .y

statistical model for multi-bin histogram-based analysis.

Extended Maximum Likelihood Binned Fit:

Matthew
and Stark, Giordon. pyhf:v0.5.4.]

Regions = {SR, CR1l, CR2, CR3}
f(n,aln,y) = H H Pois(n,, | v,,(1, ¥)) Bins 1 to 12:
1 eregions bebi
reregions bebins 1.00 10 11 T
. 0.99
Simultaneous measurements of
multiple regions 7 3 9
n = parameter of interest é\] 0.97
¥ = nuisance parameters a 4 5 6
an
0.95
1 2 3
0.93
0.5 2.0 24
+
pr(K™)[GeV/c]
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Fit procedure

differentiable
Yikelihoods

if [Heinrich, Lukas and Feickert,
Statistical interpretation with .y

statistical model for multi-bin histogram-based analysis.

Extended Maximum Likelihood Binned Fit:

Matthew
and Stark, Giordon. pyhf:v0.5.4.]

Regions = {SR, CR1l, CR2, CR3}
fn,aln, y) = H H Pois(n,, | v,,(1, ¥)) ch(a%b() Bins 1 to 12:
1 eregions bebi
reregions 1ns X 1.00 10 11 T
: 0.99
Simultaneous measurements of
multiple regions 7 8 o)
Constraints ~
n = parameter of interest - 0.97
)Y = nuisance parameters Q A 5 6
M
0.95
1 2 3
0.93
0.5 20 24
_|_
pr(K™)[GeV/c]
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Fit procedure

Statistical interpretation with yif

differentiable
Yikelihoods

[Heinrich,

statistical model for multi-bin histogram-based analysis.

Extended Maximum Likelihood Binned Fit:

foalnp= T [] Poistrslvumx) []ea,l0)

reregions bebins X

Simultaneous measurements of
multiple regions

Constraints
n = parameter of interest

¥ = nuisance parameters

i H H = = = =N = N N N =N FH N H N N N N N = H =

e Systematic uncertainties (normalisations of
bkg’s yields, BR of the leading B-decays,
PID correction, ..) as (175) nuisance
parameters.

e 1 parameter of interest: signal strength p: |
multiplicative factor with respect to the SM f

expectation. |
Il I = B = = E E = = E EH B E N N E B N N N BN EH E

Lukas and Feickert,

Matthew
and Stark, Giordon. pyhf:v0.5.4.]

pr(KT)[GeV /(]

Regions = {SR, CR1l, CR2, CR3}
Bins 1 to 12:
1.00 10 11 12
0.99
7 8 9
£ 0.97
- 4 5 6
M
0.95
1 2 3
0.93
0.5 2.0 24 3.5

u=1 - SMBF=46x10"°

—
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Fit to the Data
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Fit to the Data

e Profile likelihood scan for the signal strength pu:
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Fit to the Data

e Profile likelihood scan for the signal strength u:

2.0 L | | |
[ e Data
/;ﬁloj' -== Fit: 07 =323, 07 =3.43 ]
ENS
1.5 E Belle IT preliminary h
= [ Ldt=(63+9)fb!
= - / (63+9)
20 _ ]
s 1.0}
N
0.5} -
I pyhf
0.01 '

M — Hmin

Asymmetric uncertainty on y estimated by fitting the scanned points with an
asymmetric parabola f(x) = (x/67)*> for x <0 and f(x) = (x/67)> for x> 0.
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Fit to the Data
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Fit to the Data

e Measured signal strength pu:
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Fit to the Data

¢ Measured signal strength yu:
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Fit to the Data

¢ Measured signal strength yu:

- Consistent with the SM expectation (x=1) at CL =
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Fit to the Data

¢ Measured signal strength yu:

- Consistent with the SM expectation (¢ =1) at CL = lo.
- Consistent with the bkg-only hypothesis (¢ =0) at CL = 1.30.
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Fit to the Data

¢ Measured signal strength u:

— — =
p= 421 0(stat) T S(syst) = 4.2137

P

BR(B* — K*wvp) = 1.9F13(stat) 5 5(syst) x 107 = 1.971:9 x 107>

N—

e —— S —— S ———————

- Consistent with the SM expectation (u=1) at CL = lo.
- Consistent with the bkg-only hypothesis (u=0) at CL = 1.30.

CLs upper limit scan

]..O Y T T T T T T T T T T
N . Belle T1 prelliminary __I_. EXpecteld
0.8 ""~.‘/£dt:(63+9)fb_1 EEm Expected+lo ]
. . Expected+20 -
% —— Observed
> _
= 0.4 90% CL -
~ Expected: 2.3x107° -
0.2 Observed: 4.1x107° ]
0.0 L e X107

0 2 4 6 8
B* — K"vv branching fraction
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Fit to the Data

¢ Measured signal strength u:

e ——

3.4
4.273%

——
U= 42+ (stat)Jr (syst) =

BR(B* — K*wvi) = 1.9F13(stat) T 0 5(syst) x 107 = 1.971-¢ x 107>

=]

N—

N—

- Consistent with the SM expectation (u=1) at CL
- Consistent with the bkg-only hypothesis (u =0) at CL

CLs upper limit scan

S ——

CL, value

1.0 "..' ! ! ! ! ! ! I I T
'"'u :éeHeII pnﬂhnnmwy __L. EXpected
0 [MR /Cd=(©590 " mm Expectedsio -
. 'E Expected+20 -
—— Observed
0.6 - i
0.4 90% CL -
Expected: 2.3x107°
0.2 Observed: 4.1x107°_
0.0 DR .. e LTI —
0 2 4 6 8

B* — K"vv branching fraction
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JAx107°

S ——

400

300

Events

200

100

0

———————

lo.

1.30.

Data vs post-fit predictions in CR1l + SR

0.93<BDT,<0.95 § 0.95<BDT,<0.97 : 0.97<BDT,<0.99: 0.99<BDT,
Belle IT preliminary
[Ldt=(63+9)fb

- BT—=K*ww
‘1 Neutral B 7
] | Charged B ]
- Continuum T
: @ Data i

scaled by 2 ]

0.5 2.0 2.4350.520 24350520 24350520 24 3.5
pr(K™)[GeV/c]
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Measurement summary
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Measurement summary

e This measurement represents the first search for B' — K'vi performed with an
inclusive tag.
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Measurement summary

e This measurement represents the first search for B' — K'vi performed with an
inclusive tag.

® No signal observed yet, but an observed upper limit on the branching ratio of
41%x 107 is set at the 90% CL.
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Measurement summary

¢ This measurement represents the first search for B' - K'vU performed with an

inclusive tag.

® No signal observed yet, but an observed upper limit on the branching ratio of
41x 107 is set at the 90% CL.

e With 63 fb~' of Y(4S) data recorded by the Belle II experiment, the inclusive
tagging is competitive with the previous searches despite the much lower
integrated luminosity.

Experiment Year Obsglzz’;f_)lli{rﬂi; on Approach | Data[fb!]
BABAR 2013 [Phys .<Relz;r6.:sl7o ,_ i12005] o t-l-agHad 429
Belle 2013 [Phys.sz5..15)8>f7{(])._151103(R)] Had tag 1
Belle 2017 [Phys.R:vl..lg);GT(())_:llOl(R)] SL tag 1

Belle II | 2021 <4.1%1075 Inci‘;:i"e 63
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Measurement summary

¢ This measurement represents the first search for B' - K'vU performed with an
inclusive tag.

® No signal observed yet, but an observed upper limit on the branching ratio of
41%x 107 is set at the 90% CL.

e With 63 fb~' of Y(4S) data recorded by the Belle II experiment, the inclusive
tagging is competitive with the previous searches despite the much lower
integrated luminosity.

Averag
f.liOA, prelim:
— 1 - - T 1 - T - 1T T - T T
L. Belle II (63 fb—!, Inclusive)
: 1.971%  This work, preliminary
I
I —1
* 5)3(1)166P(R7Dg-63109f1201 , SL)
|
| . Belle (711 fb!, Had)
: 3.0+1.6 PRD87,111103
I
= Babar (429 fb~!, Had+SL)
D PRID87I, 112IOOSI o

-]

2 4 6 3 10
10° x Br(BT—K * vi)
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Supplemental material
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Summary of the B™ — K'ui searches

® Uncertainty on BR: Belle II vs Belle vs Babar.

—BR: measured branching ratio of BY — K'uvi;
—0 : total symmetric uncertainty on the BR
—L : integrated luminosity

BABAR 2013 - [Phys.Rev.D87,112005]
Belle 2013 - [Phys.Rev.D87,111103(R)]
Belle 2017 - [Phys.Rev.D96,091101(R)]
, -1 -5 -5 L -5
Experiment Year Approach Lﬁb ] BR[XIO ] G[XIO ] o T [xlO ]
Belle2
SL + Had
BABAR (*) 2013 429 0.8 0.6 1.7
tag
Belle(**) 2013 Had tag 711 3.0 1.6 5.5
Belle(**) 2017 SL tag 711 1.0 0.6 1.9
Inclusive
Belle II 2021 tag 63 1.9 1.6 1.6

(*) Combined central value of Bt — K*wi /B’ - Kb
(**) Computed from Ng./(€, - Npg)-
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+ +,
The B™ —- K"vi decay
Scenarios beyond the SM — possible contribution of right-handed operators Q%

4Gy % 1! l ! ! - ol
oy =——=VuVi ), (CLOL+ CpQp)  where  Qpp = <SL<R>7’ﬂbL<R>> (”Lue)?’ ”L(R)> l=ep1
[

2

2 combinations of 6 Wilson Coefficients:

u ]
| ] 0.8 | \ |
: BI'(B — KVﬁ) 1 Z (1 9 ) 2 - { \\,." Belle + BaBar B — Kvv 90% CL excluded

- = 3 —4Me)€p, O F : A 1B Belle + BaBar B — K*vw 90% CL excluded
[ ) i | N )
] Br(B o KVV)SI\'I 3 £ : 0.6 ' g Belle I1 B - Kvv 68% CL allowed
. . u A Belle II BR(B - K*vv) 68% CL allowed
. Br(B— K'wp) lz (1 + ko) €2 - 0.4 1 . Belle Il B — K*vv 68% CL allowed
. Br(B—o Kwi)sy 34 TR
n - 0.2
[ ] -t
] ?12 ¢ 12 ] Q 0.0 + o ;}"/
| N < /
- \/|CL| + |CR| : (l): \\\ / //
] €f — - N )

SM ’ 0.2 \ /
. |CL | . N/ /
] N 4 J
- ] )4
t_ —Re(CiCH) - "/
ne - E . u R Y
u 2 E 2 | S \\
| |CL| + |CR| ] 0.6 4 \‘ \\
[ ] (] P e N
FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN "'dVlO \\
0.8 r R T T = — T —
08 -06 -04 -02 00 02 04 06 08
NP /SM
Cr/CEL
Constraint on new-physics contributions: Wilson coefficients CLNP and
CR normalised to the SM value of Cj, (Belle II from expected 50 ab_l).
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SuperKEKB

® Peak luminosity projections: ® Nano-beam scheme:
10 70
—Lpeak Before IR upgrade | — Int. Luminosity \
J— —L_ After IR upgrade 60
/ gy
o 150 =
£ [z f _ |
g © RF |40 § KEKB SuperKEKB
X, [partial] | —
« [}
E 'R(cis ) - {30 2 “nano-beam” scheme
2 | = Beam squeezing: x20 smaller at IR
£ : 20 o /
5 =
= 2
K~ 4
© | 10
a |
0 (Tuning) | 0

20191 202171 2023/1 2025/1 2027/1 2029/1 2031/1
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Features of BT — K i

e Number of reconstructed tracks in the event.

0.30

0.25 |

fraction of events

0.05

0.00 ¢t

0.20 |
0.15 |

0.10 |

" Belle II preliminary g
- 1 Neutral B
5 3 Charged B B
1 cc
B —o— B ss —
BN uu
B dd
1 B"—=K"ww
¢ Exp 8, Run 3123 A
- . _
P P b o b o
0 2 4 o 10 12 14
Ntraeks
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Features of BT — K v

e Variables related to the signal K‘'candidate.

0.175 — : 0.14
Belle IT preliminary = ] [ Belle IT preliminary =
0.150 3 Neutral B - 0.12 k- [ Neutral B
" 8 [ Charged B " i @ Charged B
= o VS E = [ B cc ]
§ 0.125 — § 0.10 : s
B ui - 5
S 0.100 — - S 008} —— -
—1 B"—=K"w ] s — Bt—K'tww .
Ci): 0.075 ¢ Exp8,Run3123_: S 0.06 [ ¢ ExpS8, Run 3123 ]
2 0.050 < 0.04 | -
G b L
0.025 0.02 | ]
0.000 —== : 0.0 !
0 50 100 150 200 —-2000 —1000 0 1000 2000
drg [pm] dzg [pm]
e Variables related to the event topology.
o4 0.6 —————— —
[ Belle II preliminary = 7 1 Belle IT preliminary = 7
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" i [ Charged B ] " 0.5 [ Charged B
£ 0.10 | = o : 2 —— _
§ i B ss GGJ 0.4 . p
©0.08} — - g i
e o Bl dd = E dd
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© : ' 5 0.2 ]
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modified Fox-Wolfram H}} Fox-Wolfram Moment R,
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Features of BT — K v

e Variables related to D’/D* suppression.

x1072
0.4 2.5 — : ,
T — - I [ Belle IT preliminary ——
| Belle II preliminary — IT\ITeutralB : [ Neutral B ]
: == Charged B ] , 2-0F I Charged B .
42 0.3 F B . = i B cc
) s S o 15 — isu ]
3 B o o 15F = " -
b El dd 5 . [
g 0.2 3 B =Kt ] = [ — ]
= o ¢ Exp8 Run3123 | =2 1.0 . ¢ Exp8, Run 3123
© ; : 9 [ ,
€01 i & [
- i 0.5}
0.0 0.0k
0.0 0.2 0.4 0.0 0.8 1.0 0.5 1.0 1.5 2.0 2.5

p—value(K ™, r ' rop, T cRroE) M(K ™, r cpop) W/ max x*(K ¥, 17) [GeV/c?]

e Variables related to the ROE.

0.1 mm—m—m—m—m—m—m—m—m—m—@————————————— 0.14 —
i .  I— . - Belle reliminar ™
[ Belle II prelimingry =1 Neutral B : 0.12 __B lle IT prel ary 1 Neutral B ]
0.125 @ Charged B ] " ) i @@ Charged B
2 = o ] 2 0.10 F = 1
:q>3 0.100 | B ss ] :G>J i | SS,
o — © 0.08 | — ]
b E dd | Tt Bl dd
o 0075 B ] B =K' __ o 0 06 - [ B*"—K*vi ;
o ¢ Exp 8, Run 3123 | L v ! ¢ Exp8, Run 3123 ]
S 0.050 F . 3] [ ]
ﬁ : ﬁ 0.04 — -
0.025 | 0.02 f i
0.000 & & y 0.0( mmnn e
-4 -2 0 2 4 §) 8 -600 —-400 -200 0 200 400 600
ROE AE [GeV] <AE = ) EMS — Ebeam) dzk (Tag Vertex) [pm]

Filippo Dattola | Search for Bt — K*vi decays with an inclusive tagging method at the Belle Il experiment



More on multivariate classification

e No overfitting observed neither for BDT1 nor for BDT2.
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: Belle IT preliminary E—1 Signal (train) ]
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Lower threshold on BDT; output
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Reweighting of continuum MC

Discrepancies between simulated continuum Before reweighting: no perfect

and off-resonance data. overlap at 0.5 — mismodelling.
D ' 1 T '
8 [ 2 Data (train)

_ . . N [ elle reliminar 1 Simulation (train)
Data <.ir1ven correction by means of an Boart 751;12191;) eliminary ®  Simulation (tost)
additional fastBDT: BDT.. g :

=7
e Select simulated continuum (100 fb~ ') with BDT, > 0.9; =) 23_
N [
ob) o
e Select off-resonance data (9 fb~!) with BDT, > 0.9; E Ny N
=N % _
e Train BDT, with the set of 51 variables using data as 0.0 0.2 0.4 0.6 0.8 1.0
signal and simulation as bkg; BDTC
e Being p the BDT, score, apply the event weight
p/(1 — p) = P(Data — like)/P(MC — like)
to correct the simulated continuum. Protection against large
caa0t | x100 Weights: clipping at w =10
:Belle II preliminary [ T P(Data — hke) :Belle II preliminary — ~
[ [cat=9fb! B | oy — [ [cdt=9fb! B o
6 > mm s Y pMC - like) 6 B s

(%) - - %) 5 N uu

_E, #E ———

3 o 4r ¢ Data |

[ [ .
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https://inspirehep.net/literature/1194213

The fit region

¢ 1 signal region + 3 control regions.

'Bin boundaries in the SR specifically optimised by,
'minimisation of the expected upper 1limit on thei

1.00

0.99F

SR(CR2)

Belle II preli
simulation

' + +, 5 '
R R e 0.98
Region 2D Bin Boundary Definition Physics Processes NG E
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Region (SR) BDT, € [0.95,0.97,0.99, 1.0 all backgrounds
Control pr(K*) € [0.5,2.0,2.4,3.5] GeV/c signal + T (4S)
Region 1 (CR1) BDT, € [0.93,0.95] all backgrounds 0.96 L
Control pr(KT) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance
Region 2 (CR2) BDT, € [0.95,0.97,0.99, 1.0 backgrounds (—60 MeV/c?)
Control pr(KT) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance 0.95 5 T 20 o 35 3s
. 2 . . . . . . .
Region 3 (CR3) BDT, € [0.93,0.95] backgrounds (—60 MeV/c*) © (K*) [GeV /d
. o _ CR 1-2-3 to constrain bkg yields.
19 Signal efficiency in SR
i {  stat. uncertainty | CR1(CR3)
10 |- ] 0.9500 ———
2:\? i 0.9475 | ]
| I 8 — -
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z | = §
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0 I | | | | | e | | | L.
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Identification of B™ — K+]/l/f_>,,,+ﬂ— events

! ! ! ! | ! ! ! ! ! ! ."I ! ! ! ] 350_""I"."'I""I""
250 i ];elle II prehjrllnary:] MC ] 300 -_];eiie iI p:hjnmary:] MC . :lzliieil p:hllfnlnary:] MC |
[ JLdt=631b ¢ Data | | /bdv=63 ¢ Data | 300 [T ¢ Data
: | 250 | - _
200 . _ 250 F 1
n o 200 ] n I
D 150} 1 9 _ L 200F :
= 2 150 2
g1 S 5 150 | ;
100 | - : :
: 100 ] 100 | -
50 . 3 - f
- 20 ¢ ) 50 | -
¢ ] I
3.05 3.10 3.15 5.26 5.28 5.30 —-0.10 —-0.05 0.00 0.05 0.10
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_ 2 P CMSy2 _ CMS _
Mbc T \/Ebeam o (P B ) AE = Z Ei Ebeam
1

1720 data events from 63 fb~' + bkg suppressed to percent level.
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Results of the validation on B™ — K+J/l/j—>/4+ﬂ_
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Background composition in the fit region

e B'BY signal side:

B’—D*(2010) " K~

B0—>D*K+K°—\ \ /
BY—K*(892) DT

-\

B—p(770) "D+

B D xn*

\\ﬂ

T~—B'SD KT

others —/
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simulation

e B"B~™ signal side:
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BT —D*(2007)% " 1, (7) \
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_ /
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e BBV tag side:
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Validation in the BDT sideband

e Agreement between Y(4S) on-resonance data and simulation in the sideband

Events

Data/MC
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E 4 B ss -
KG>J I uu
= i B dd ]
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X e JJQ 1 ......... 7
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Data/MC

*Only if the continuum background is
scaled by a factor of 1.22 as obtained
from the comparison with off-resonance
data, the data/MC ratio is then 1.00 in
the moderate BDT sideband.

TI—
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SM form factor vs g2

oq2 spectrum from PHSP simulation compared to the SM form factor
from [J. High Energ. Phys. 2015, 184 (2015)] as a function of g°.

4000 S —
Phase space 1

3000 I SM form factor -
@p) J
@ -
o$|:|| -
_E, 2000 ¢ 4
[1] 'Belle II preliminary

1000 - simulation
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https://link.springer.com/article/10.1007/JHEP02(2015)184

Fit procedure

e pyhf modifiers and constraints:

o @)= Y V@)= D | []xe@n ) (V% @m0+ Y A

s€ samples S€ samples \ k€ x AcA
L= J L~ ~
v "
multiplicative modifiers additive modifiers
Description Modification Constraint Term ¢, Input
Uncorrelated Shape Kseo(¥p) = ¥b nb Pois ("b = O’EZI P = 0;2717) op
Correlated Shape Asep(a) = fp (al Aseh.a=—1, Ascb,a=1) Gaus(@a=0|a,0=1) Ascha=+1
Normalisation Unc. Ksco(a) = gp (al Ksch.a=—1s xscb,a=1) Gaus(a=0|a,o=1) Ksch,a=+1
MC Stat. Uncertainty Kseo(¥p) = ¥b [1; Gaus (an — l' Ybs 51’) 5% =2 5'31;
Luminosity Ksep(A) = A Gaus (I = Ap| 4,02) A0, 04
Normalisation Kseo(p) = up
Data-driven Shape Kseo(¥p) = ¥b
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Fit validation

¢ Test with injected signal:

Check the pulls <ﬂmf—umi>/op

s b ]

® Test the fit quality:

Entries

Check the p-value of the fit
on observations

No blases observed /
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Cross validation of PyHf with a simplified
Gaussian model

4O|||||
I ,usig:1.0
30 _ . fsig = 5.0 ‘; _
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Fit to the Data

e Post-fit shifts of the bkg’s normalisations.

8 T T ] ¢ 50% pre-fit uncertainty attached
; oo Belle IT preliminary to each of the bkg's
- e — . .
g /bdt:{63+9)ﬂf4 normalisations.
'U B+ — ) — —
o .| | expectations for BTB~ and BB’
é% that are the larger bkg’s.
IM uu S — —]
@) _
@ ddf | ——— - e Post-fit shift of ~ lo wrt to
= —1.0 —0.5 0.0 0.5 1.0 the expectations for some
Normalisation shift continuum sources (cc,ss)

consistent with the observed
Data-MC normalisation
discrepancy.
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Fit to the Data

¢ Post-fit predictions for continuum vs off-resonance data.
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Fit to the Data

¢ Correlation of post-fit shifts of the bkg’s normalisations.
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Limit vs uncertainties
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