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Filippo Dattola | b — svi at Belle Il



b — suU transitions ¥ - P ,
A
In the Standard Model (SM):
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e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.
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In the Standard Model (SM):
u, ct

e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------I

I[T Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]y

: BR(B — Kub)gy = (4.6 £0.5) x 1076 '
' BR(B — K*uD)gy = (8.4 £ 1.5) x 107°
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W W+ W7
In the Standard Model (SM):

e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------l

y[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]3 Optimal measurements to probe the SM:

: BR(B — Kui)gy = (4.6 £0.5) x 107°
' BR(B — K*uD)gy = (8.4 £ 1.5) x 107°
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b — suU transitions / - / z

W W+ W7
In the Standard Model (SM):

e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------l

y[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]3 Optimal measurements to probe the SM:

i BR(B — Kub)gy = (4.6 £0.5) X 107° : not observed yet, possible enhancement
_ _ from contributions beyond the SM.
' BR(B = K*ui)gy = (8.4 % 1.5) x 1076 : 7
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W W+ W
In the Standard Model (SM):
b —» > > s b—» > >
u,c,t u,c,t
e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;
® accurate theoretical predictions.
r-------------------------I )
g[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]y Optimal measurements to probe the SM:

. BR(B — Kui)gy = (4.6 £0.5) x 1076
i

1 BR(B - K*ui)gy = (8.4 +1.5) x 107°
i

not observed yet, possible enhancement
from contributions beyond the SM.

Complementary to b — s/t/”, where tensions with the SM
have been observed, including the recent Ry
measurement by LHCb [arXiv:2103.11769].
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In the Standard Model (SM):
b—» 'u:;t > s b—» et >

e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------I

j[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]; Optimal measurements to probe the SM:
| |

it BR(B — Kuvi)gy = (4.6 £0.5) x 107°

|

1 BR(B - K*ui)gy = (8.4 +1.5) x 107°
|

not observed yet, possible enhancement
from contributions beyond the SM.

il E B H H = H H H H H FH H H H E S B = B B =B =B = =B =B = 'I""!""l
: 0.1 < ¢?<8.12 GeV¥c*

Complementary to b — s/t/”, where tensions with the SM i Belle
have been observed, including the recent Ry g 10.<¢? <60 GeVict

measurement by LHCb [arXiv:2103.11769]. §
.— LHCb 9 fb™!

: 1.1< ¢2<6.0 GeV/c*
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W o Wz
In the Standard Model (SM):
b —» Ft — s b—» >
u, C

u,c,t
e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------l

[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]y Optimal measurements to probe the SM:
|

» BR(B — Kuvi)gy = (4.6 £0.5) x 107°

|

' BR(B - K*ub)gy = (8.4 £ 1.5)x 107°
|

not observed yet, possible enhancement
from contributions beyond the SM.

o BaBar

: 0.1 < g2 <8.12GeV¥/c*
Complementary to b — sl7/”, where tensions with the SM i Belle
have been observed, including the recent Ry : 10<g* <60 GeVet
measurement by LHCb [arXiv:2103.11769].

3.1c tension with tl
: LHCb 9 fb!
1.1 < ¢?<60GeV¥ct

-

0.5 1 15
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W o Wz
In the Standard Model (SM):
b —» Ft — s b—» >
u, C

u,c,t
e flavour-changing neutral-current transitions (FCNCs);
® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------l

[T. Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]y Optimal measurements to probe the SM:
|

» BR(B — Kuvi)gy = (4.6 £0.5) x 107°

|

' BR(B - K*ub)gy = (8.4 £ 1.5)x 107°
|

not observed yet, possible enhancement
from contributions beyond the SM.

o BaBar

: 0.1 < g2 <8.12GeV¥/c*
Complementary to b — sl7/”, where tensions with the SM i Belle
have been observed, including the recent Ry ; 10<g* <60 GeVet
measurement by LHCb [arXiv:2103.11769].

3.1c tension with tl
: LHCb 9 fb!
1.1 < ¢?<60GeV¥ct

-

0.5 1 15

To constrain scenarios beyond the SM:
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b — suU transitions / - / z

W W+ W7
In the Standard Model (SM):

e flavour-changing neutral-current transitions (FCNCs);

® can occur only at the loop level, highly suppressed;

® accurate theoretical predictions.

r-------------------------l

.[T Blake, et al., Prog. Part. Nucl. Phys. 92, 50 (2017)]; Optimal measurements to probe the SM:

: BR(B — Kui)gy = (4.6 £0.5) x 107°
' BR(B — K*uD)gy = (8.4 £ 1.5) x 107°

not observed yet, possible enhancement
from contributions beyond the SM.

o BaBar
: 0.1 < g2 <8.12GeV¥/c*
Complementary to b — sl7/”, where tensions with the SM i Belle
have been observed, including the recent Ry i 10<g* <60 GeVet
measurement by LHCb [arXiv:2103.11769]. 3.10 tension Y{wclb;:fgl tl
L !

1.1 < ¢?<60GeV¥ct

To constrain scenarios beyond the SM:

® Dark matter [PRD 98, 055003 (2018)];
® Leptoquarks [PRD 102, 015023 (2020)];

e Axions [PRD 101, 095006 (2020)].
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b — svii transitions

Challenging measurements:

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

Filippo Dattola | b — svi at Belle Il



b — sur transitions

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

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

Bt - KTvi event .

(Belle II simulation)

AVl signal kaon track
\\

AN

\\
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Search for BT — K'vl decays

using an inclusive tagging method at Belle II

[arXiv:2104.12624]1 — submitted to PRL
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https://arxiv.org/pdf/2104.12624.pdf

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) <« e*
The previous studies all adopted an

explicit reconstruction of the B,
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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 Yy e

The previous studies all adopted an

explicit reconstruction of the B,

followed by the signal reconstruction.

Filippo Dattola | b — svi at Belle Il 5



Previous searches for BT — K'ui
Y e

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:

~ 0.04 %
*€rqe ~ 0.2%

e hadronic tagging €, - €,

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

e” > Y(4S) <« e*

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:

~ 0.04 %
~0.2%

e hadronic tagging €, - €,

e semileptonic tagging €, - €,,

Upper limits on the branching ratios were set:

: Observed limit on _1
A h Data [fb
Experiment Year BR(B* — K*uD) pproac ata [tb™]
-5
BABAR 2013 <1.6x10 SL + Fad 429
[Phys.Rev.D87,112005] tagging
-5
Belle 2013 <5.5x 10 fad 711
[Phys.Rev.D87,111103(R)] tagging
<19x 10_5 SL 711
Belle 2017 [Phys.Rev.D96,091101 (R) ] tagging
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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

Luminosity and data sample at Belle II
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Luminosity and data sample at Belle II

= Belle Il Online luminosity Exp: 7-18 - All runs
Integrated luminosity . .
o mmm Recorded Weekly ® Data used in the analysis collected
o 2 == [lrecormeadt =213.89171] K in 2019-2020 (summer):
z p?
bR [ (70 T T e L Oy SN L 0 TN oo RPNy S —
2 _1ﬁ)§ - 63 fb~! of data collected at
£ 2 \/E — Y(4S) resonance ~ 68 million BB
) E pairs.
: B
3 o =1
g > — 9fb™ of (off-resonance) data
S L collected 60 MeV below the Y(4S)
I~ | 50 - resonance for background studies.
- o
©
=
-0

NN NN AT N
AN Lr AR
PPPPPPP

Updated on 2021/07/05 12:01 |51

Phase Il data
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Luminosity and data sample at Belle II

14 ......................................................................... — _——
Integrated luminosity

mmm Recorded Weekly
e e

® Data used in the analysis collected
12 1 - 200 in 2019-2020(summer) :

10.. ..................................................................................................
- 63 fb~! of data collected at

\/;—91148) resonance ~ 68 million BB
pairs.

- 150

- 100
— 9fb~! of (off-resonance) data
collected 60 MeV below the Y(4S)

| 50 resonance for background studies.

Total integrated Weekly luminosity [fb~*]
Total integrated luminosity [fb1]

e ~213fb~! of data collected before
-0 the summer 2021 shutdown.

AN A A AR
XTIV
PPRPVPPPPPPPRPPPRAPPRALPAD
Date

Updated on 2021/07/05 12.01 |51

Phase Il data
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The inclusive tagging
The idea
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The inclusive tagging
The idea

e Signal reconstructed as the highest p;
track (correct match ~ 80% )
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The inclusive tagging

The idea

e Signal reconstructed as the
track (correct match ~ 80% )

highest p;
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x10~2
L . T
g - Belle I1I 1 -
i [ Neutral B
i B @ Charged B
% : i
o) 6 B ss .
> | B i
oo | B d4d |
s:'q 4 : B+—>K+Vﬂ —
9o X ¢ Exp 8, Run 3123 -
i}
= I ]
c I
&2
0

Highest
pT track



The inclusive tagging
The idea

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

— +
e Signal reconstructed as the highest p; € = Y(4S) — €

track (correct match~80% ) followed by
inclusive reconstruction of the rest of / \
the event (ROE).
+ B*
) Bsig tag
x10~
1 1 — L L L
g - Belle I1I 1 -
i [ Neutral B |
i B @ Charged B 1 .
A i o - ngheSt
s 6 B s ' pT track
2 o ‘
qa B dd
q 4 : B+—>K+Vﬂ —
9o X ¢ Exp 8, Run 3123 -
i)
| l
e I
& D
0
0 1 2 3 4 D
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The inclusive tagging

The 1dea
r--------------
— +
e Signal reconstructed as the highest p; '__ _8_ __: _Y_(il's_)_ _<__ -6- N
track (correct match~80% ) followed by
inclusive reconstruction of the rest of / \
the event (ROE).
+ +
l%@g l%ag
x1072
- - ' 1 1T -1 1 ]
g Belle 11 1 -
i ] Neutral B |
i @ Charged B 1 .
A i o - ngheSt
s 6 B s j pT track
2 | B o ‘
“ B dd
= 4 —1 B"—K*ww —
9o X ¢ Exp 8, Run 3123 -
]
5 |
c I
H 2
0
0 1 2 3 4 5 For most background events the

pr(K™) [GeV/c] ROE consists of a wrong/too large
combination of charged tracks/
photons, while for the signal
some objects can be missing.

0 — —
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The inclusive tagging

The 1dea
r--------------
— +
e Signal reconstructed as the highest p; '__ _8_ __: _Y_(il's_)_ _(__ -6- N
track (correct match~80% ) followed by
inclusive reconstruction of the rest of / \
the event (ROE).
+ =+
B Btag
x1072
- - ' 1T - 1T -1 1
g Belle 11 1 -
i [ Neutral B
i @ Charged B 1 .
A i o - ngheSt
s 6 B s j pT track
2 E i ‘
“ B dd
= 4 —1 B"—K*ww —
9o X ¢ Exp 8, Run 3123 -
]
5 |
c I
H 2
0
0 1 2 3 4 5 For most background events the

PT(K+) [GeV/C] ROE consists of a wrong/too large
combination of charged tracks/

e Higher signal efficiency (up to ¢, ~4% photons, while for the signal
in the signal region) but larger some objects can be missing.

background contributions from generic B L — e
decays and continuum (uii, dd, cc, s5).

Filippo Dattola | b — svv at Belle |l 7



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.

1072
.FC£C example the ev_ent shape._ | Belle I g ZeutralB
BB B(—)K\)\))B qq - @ Charged B
.8 6 I cc 7
QC") i B ss
:G>.) B uu
. S 4 E dd _ i
o I —1 Bf—K"ww |
o I ¢ Exp 8, Run 3123 |
o |
& 2 N
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.

102
o 8 X' — 1 | ' I 1
° Fci:' example the ev_ent shape P Belle I g 17\12 .
BB B(_)K\)\))B qq - @ Charged B
% 6 i .
) I I ss
= B ui
B4 B dd )
aN - 1 B"—K'ww |
i) ¢ Exp 8, Run 3123 |
‘g _
& 2 .
O = J' i
0.0 0.2 0.4 0.0 0.8 1.0

sphericit
e But also: P y
— 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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Features of BT —» K uvp
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Features of BT —» K uvp

® Variables related to
the event topology.

0.6 T T I T T T T I T T T T I T T T T I T ~ T I T T T T
Belle II =
[ Neutral B
0.5 @ Charged B
g B
o 0.4 s .
g B ua
G B dd
o _]
o 0.3 1 B"—wK™w 1
= ¢ Exp 8, Run 3123
S 0.2 ]
©
&=
0.1 ]
a e o o o o0 o0

o

.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Fox-Wolfram Moment R,

Filippo Dattola | b — svi at Belle Il



Features of BT —» K uvp

® Variables related to
the event topology.

0.6

o
&

O
N

o
o

fraction of events
o
w

o
—

o
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.0
0.0

———
Belle 11

0.1
Fox-Wolfram Moment R,

0.2

0.3

il 1L IR

TT

Neutral B
Charged B
cC

SS

uu

dd

Bt —K'vi

Exp 8, Run 3123 -

ot ol o o o o o

0.4

0.5

0.6

® Variables related to

the signal K'candidate.
0.14 ——————— , —
- Belle II =
012 [ [ Neutral B ]
" - [ Charged B
2 0.10 F B c -
C:I>J i B ss
B ua
qg 0.08 — — =
[ B"—K™wp i
.S 0.06 - ¢ Exp8, Run 3123 ]
= [ ]
qg 0.04 — =
0.02 ]
0.00 L .
—2000 —1000 0 1000 2000
dzg [pm]




Features of BT —» K uvp

® Variables related to
the event topology.

0.6

o
&

O
N

o
o

fraction of events
o
w

o
—

0.0

0.0

———
Belle 11

0.1
Fox-Wolfram Moment R,

0.2 0.3

il 1L IR

TT

Neutral B
Charged B

cC

SS _
uu ]
dd

Bt —K'vi

Exp 8, Run 3123 -

ot ol o o o o o

0.4

® Variables related to
the ROE.

0.150 —

0.125

0.100

0.075

0.050

fraction of events

0.025 |

0.000 L

0.5 0.6

Belle 1

LLIL LD

4
ROE AE [GeV] AE =
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Neutral B
Charged B

cC

sS _
uu i
dd

Bt —=K"vp

Exp 8, Run 3123 1

6 8

1

fraction of events

CMS
Ei o Ebeam

® Variables related to

the signal K'candidate.

0.14 ——————— ! - I
: Belle II —
012 [ [ Neutral B |
i [ Charged B
0.10 F — .
i B ss
- B ua
0.08 - — 7
i [ B"—>K"ww E
0.06:- ¢ Fxp8 Run3123 7
0.04 | 7
0.02 | 7
0.00 L
—-2000 —-1000 0 1000
dzk [pm]

2000



Features of BT —» K uvp

® Variables related to
the event topology.

0.6

o
&

O
N

o
o

fraction of events
o
w

o
—

0.0

0.0

———
Belle 11

0.1
Fox-Wolfram Moment R,

0.2 0.3

il 1L IR

TT

Neutral B
Charged B

cC

SS _
uu ]
dd

Bt —K'vi

Exp 8, Run 3123 -

ot ol o o o o o

0.4

® Variables related to
the ROE.

0.150 —

0.125

0.100

0.075

0.050

fraction of events

0.025 |

0.000 L

0.5 0.6

Belle 1

LLIL LD

4
ROE AE [GeV] AE =
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=
Neutral B
Charged B
cC

sS _
uu i
dd

Bt —=K"vp
Exp 8, Run 3123 1

§) 8
CMS
Ei o Ebeam

1

® Variables related to
the signal K'candidate.
014 ————————— | . |
i Belle I1 —
0.12 F [ Neutral B N
" - [ Charged B
2 0.10F B o .
C:I>J i B ss
B ua
qg 0.08 -_ [ dd ]
[ B"—>K"ww 4
.S 0.06 |- ¢ Exp8, Run 3123 ]
g [ ]
£0.04F ]
0.02 | ]
0.00 L
—2000  —1000 0 1000
dzgk [pm]
® Variables related to
D'/D* suppression.
-2
RS L —
Belle II ——
- [ Neutral B
- 2.0 F [ Charged B ]
= [ B ]
8 [ B ss 1
2 15F . ]
S - B dd
o [ 1 BY =K' 1
S 1.0 ¢ Exp8, Run3123-
3 [ ) ]
©
0.5
0.0

0.5 1.0 1.5 2.0 2.5
M(K ™, r pop) w/max x*(K T, v ) [GeV/c?]
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Multivariate classification
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Multivariate classification

51 well separating variables are used to train
classifiers (FastBDT) BDT, and BDT,.
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Multivariate classification

51 well separating variables are used to train
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
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
(+35% purity at 4% signal eff.)
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Multivariate classification

51 well separating variables are wused to

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
(+35% purity at 4% signal eff.)

L
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Multivariate classification

51 well separating variables
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
(+35% purity at 4% signal eff.)
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used to

train 2 consecutive binary

Signal Region:
BDT, > 0.9, BDT, > 0.95
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Validation using B' — K+J/l//_)ﬂ+ﬂ_
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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/’//—>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/1//_)M+ﬂ_ events
Strategy to mimic reconstructed
BT — 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//_w+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+J/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of B+-+nK+Jhy%Ww_ events

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/l//_)”+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+-+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 - Ktui.

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

Events / 0.05

2000
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—
-
-
-

500

o

Belle 11
JLdt =63

0.0 02 04 06 0.8 1.0
BDT,(BDT; > 0.9)

B =K' J/y,:, MC & B*—K*J/i,,, Data
Bt K*J/d .y MC & B*K*J/y_,., Data
Bt—K vy MC

SN NN AN\

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™ —>K+J/l//_w+ﬂ_ events

69 default BT — K+J/l//_w+#_

events

Strategy to mimic reconstructed 2000
Bt - K*ui events.

Belle 11
JLdt =63

e Ignore the u*tu from the
selected J/y decay. 1500

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.

0.0 02 04 06 0.8 1.0
BDT,(BDT; > 0.9)

Events / 0.05
—_
o
S
S

SN NN AN\,

500 -/ IB*—K*J/¢,,-, MC & B*—>K*J/y.,,., Data
e Reconstruct the modified BT —K*J /¢y, +,- MC ¢ B"—=K"J/¢_,+, Data
BT —> K+J/1//_)ﬂ+”_ events with the Bt K*tuy MC
] l ] t 1 l .th . 0 IS o
inclusive tagging algorithm , 02 04 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.
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events

Events / 0.05

default BT — K+J/l//_w+ﬂ_

events

2000

1500

—
-
-
-

500

o

/

Belle 11
JLdt =63

Events / 0.05
[N
=
S

0

Bt—K vy MC

SN NN AN\,

0.2

0.0 0.2 04 0.6 038

BDT,(BDT; > 0.9)

IBY—K*J/¢_,,+, MC
BT =Kt /¢y MC

0.4

1.0

¢ B"—=K"J/¢y_,,+,-Data
¢ B"—K"J/y_,+, Data

0.6
BDT,

BT — K+J/l//_)’u .

e 4"y~ ignored;

events:

e KT kinematics updated:
2body —> 3body
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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/l/j—>ﬂ+/vt events

69 default B™ — K+J/l//_w+ﬂ_
events
Strategy to mimic reconstructed 2000 -
Bt - K'uD events. Belle 11 )
JLdt =63

e Ignore the u*tu from the

selected J/y decay. 1500

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.

Events / 0.05
[N
o
S

0
0.0 02 04 06 08 1.0

BDT,(BDT; >0.9) :
BT —K*'J /., MC & BY—K*J/v,,, Data| 7

Events / 0.05
—_
o
S
S

SN NN AN\,

500
® Reconstruct the modified B =K J /¢y y MC ¢ B"=K"J/¢y_,+, Data
BT — K+J/l/j—>ﬂ+ﬂ— events with the B+ K*+vp MC :
inclusive tagging algorithm. 00 0o 5 o6 038 e ‘1.0
BDT,

BT — K+J/l//_)’u . events:

e 4"y~ ignored;

e KT kinematics updated:
2body —> 3body
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Validation using B' — K+]/l//_)ﬂ+ﬂ_

Mode with large branching ratio characterised by clean experimental
signature.

Identification of B™ —>K+J/l//_)ﬂ+ﬂ_ events

69 default BT — K+J/l//_w+ﬂ_
events
Strategy to mimic reconstructed 2000 f Belle II
Bt - KTuD events. /Z det —63fb !

e Ignore the u*tu from the

selected J/y decay. 1500

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.

0.0 02 04 06 0.8 1.0
BDT,(BDT; > 0.9)

BT —K*'J /., MC & BY—K*J/v,,, Data| 7

Events / 0.05
—_
o
S
S

SN NN AN\,

500
® Reconstruct the modified B =K J /¢y y MC ¢ B"=K"J/¢y_,+, Data
BT — K+J/‘//—>ﬂ+ﬂ— events with the B+ K*+vp MC :
inclusive tagging algorithm. 00 0o 5 o6 038 e ‘1.0
BDT,

Excellent Data-MC agreement for the BDT's. e 4"y~ ignored;
e KT kinematics updated:

2body —> 3body
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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

| | T | T | B | | Regions = {SR, r CRZ,
- Belle IT | B — 1.00
[£dt=9fb1 I cc 10 11 12
i | B ss
N 4:0 B ui 7 8 9
= ' —
> )
E 4 5 6
20
1 2 3
0) 2.0 2.4
o 1.5¢ pr(K™)[GeV/c]
3 1.0}
8 0.5 b1 ——
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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.

1D projection of 2D CR2-CR3

60

I I T 1 I T 1 I 1
- Belle IT | |

|
I
[£dt=9fb1 | VS
- | B ss
s 40 s R
= ’ —
0 ¢
]
@) ; ; ]
) - P ;
. 1 T :
) 0.5 | | | !

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

® Very good Data-MC shape agreement.

Filippo Dattola | b — svi at Belle Il
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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.

1D jecti f 2D CR2-CR3 .
60 — |ll |5 ;:rogelc 1o|n O | | 1 I:II I Regions = {SR, , CR2,
i Belle 11 | | TT 1.00
[£dt=9fb1 I cc 10 11 12
i | B ss
N 4:0 B ui 7 8 9
% ' —
ﬁ ¢ 4 5 6
20
1 2 3
0 2.0 2.4
o 1.5¢ pr(K™)[GeV/c]
g 1.0 E
R 0.5 b1 L .

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

® Very good Data-MC shape agreement.

® But discrepancy in yields: data/simulation = 14 =*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.

1D projection of 2D CR2-CR3

60 T T 1 T 1 T T 1 T T Regions = {SR, » CR2Z,
- Belle I | R 1.00
[£dt=9fb1 I cc 10 11 12
i | B ss
N 4:0 B ui 7 8 9
= ' —
> )
éa 4 5 §)
20
1 2 3
0) 2.0 2.4
o 1.5¢ 5 pr(K™)[GeV/c]
3 1.0
;g 0.5 E | | T

R | | Y
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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Validation using off-resonance data

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

1D projection of 2D CR2-CR3

60 T T 1 T 1 T T 1 T T Regions = {SR, » CR2Z,
- Belle I | R 1.00
[£dt=9fb1 I cc 10 11 12
i | B ss
N 4:0 B ui 7 8 9
= ' —
> )
éa 4 5 §)
20
1 2 3
0) 2.0 2.4
o 1.5¢ 5 pr(K™)[GeV/c]
3 1.0
CQU 0.5 E | | T

R | Y
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 €— LEADING SYSTEMATIC UNCERTAINTY.
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Fit procedure
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Fit procedure

Extended Maximum Likelihood Binned Fit:
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Fit procedure

Extended Maximum Likelihood Binned Fit:

Regions = {SR, , CR2,
1.00 10 11
0.99
7 8
£ 0.97
- 4 5
M
0.95
1 2
0.93
0.5 20 24
_|_
pr(K™)[GeV/c|
T ——— EE———
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Fit procedure

Extended Maximum Likelihood Binned Fit:

Regions = {SR, , CR2,
1.00
fm,aln,y) = 10 H L
N 0.99
7 8 9
E$097
A 4 5 6
n = parameter of interest an
)( = nulisance parameters 095
1 2 3
0.93
0.5 2.0 2.4
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Fit procedure

Extended Maximum Likelihood Binned Fit:

Regions = {SR, , CR2,
. 1.00 10 11 12
faln =TT [] Poistnylv.ut.2)
A . : 0.99
reregions bebins
7 8 9
Simultaneous measurements of a
multiple regions - 0.97
- 4 5 6
n = parameter of interest an)
)Y = nuisance parameters 0.95
1 2 3
0.93
0.5 20 24
_|_
pr(K™)[GeV/c]
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Fit procedure

Extended Maximum Likelihood Binned Fit:

Regions = {SR, , CR2,
; 1.00 10 11 12
foalnp= 1] [ Poisty,lesm0) [[efa,ln 090
1 r€regions bebins x )
7 8 9
Simultaneous measurements of o\
multiple regions - 0.97
. -
n = parameter of interest Constraints M 4 > 6
)Y = nuisance parameters 0.95
1 2 3
0.93
0.5 20 24
_|_
pr(K™)|GeV/c]
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Fit procedure

Extended Maximum Likelihood Binned Fit:

3.5

Regions = {SR, , CR2,
' 1.00 10 11 12
fonalnp= [T ] Poistuylvnero) []efa,ln 090
re€regions bebins X )
7 8 9
Simultaneous measurements of a
multiple regions - 0.97
. - 4
n = parameter of interest constraints M > 6
XY = nulsance parameters 095
IO'I'emplates for bkg’s and signal yields from !
: simulation. : 0'930-5 20 2.4
_|_
i e Systematic uncertainties (normalisations of 0 pT%I< )K}e\//c]
I bkg’s yields, BR of the leading B-decays, i
I PID correction, ..) as (175) nuisance i
I parameters: event count modifiers. i
0 - p=1 ->SMBF=46x10"°
I ®*1 parameter of interest: signal strength H: 1| S— —
g multiplicative factor with respect to the SM |

g expectation.
il H = H F = = = = - - E E =N N - =E B N N =H BN =EH =
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Fit to the Data
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Fit to the Data

e Measured signal strength u
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Fit to the Data

e Measured signal strength u
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Fit to the Data

e Measured signal strength u

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

e Measured signal strength u

- 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

N—

- Consistent with the SM expectation (u=1) at CL

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

1.0

CL, value
©c o o o
N =~ @)) o

S
o
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e ——

u=4. 2+2 9(stat)Jrl c(syst) = AL

-3.2

J

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

|

e e e e e

CLs upper 11m1t scan

. : —
Belle IT -==- Expected

u
e
.
‘e
.

—— Observed

90% CL

/ﬁdt: (63+9)fb™" mmm Expectedtlo |
k Expected+20 -

Expected: 2.3x107° -
Observed: 4.1x107°

0o 2 4 5 T3

B* — K*vr branching fraction

lo.

JIx107°

1.30.
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Fit to the Data

¢ Measured signal strength u

P

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

N—

— _ —
p =427 (stat)* e(syst) = 4.2135

— . — .
——— S ————— ————— S ————— S ———————

e Data vs post-fit predictions in CR1l + SR

0.93<BDT»<0.950.95<BDT,<0.97:0.97<BDT»<0.99: 0.99<BDT,
I I : :

CR1 1 : Belle 11 :
[Ldt=(63+9)fb !

400

B B"—K'ww |

..g 500 1 Neutral B |
:CI>J I Charged B |
[ 200 E Continuum _
¢ Data
100 scaled by 2 ]
0
0.5 2.0 2.43.50.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5
+ [ 1
pr(K")[GeV/c| 22% purity
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Fit to the Data

e Measured signal strength u

e Signal efficiency (in the signal region SR)

15.0 ¢
— 12.5 S
&O [
~— 10.0 l Belle II Simulation
i Integrated efficiency in ]
B} .
= 53_ the SM ¢’ spectrum = 4.3% ]
<b) T
o =i i
S 5.0F -
Gy I -
S [ ’ ]
2.5 F .
0.0 : | | | | !—_|—|_| | | L]
O 2 4 o 8 10 12 14 10 18 20 22 24
q” [GeV?/c?]
2 __ 2
q - (py+p17)
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Measurement summary..
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Measurement summary..

¢ This measurement represents the first search for B' - K'vU performed with an
inclusive tagging and the first measurement using Belle II in its nominal
configuration.
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Measurement summary..

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

inclusive tagging and the first measurement using Belle II in its nominal
configuration.

e No signal yet, but an observed upper limit on the branching ratio of 4.1 x 1077 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 tagging and the first measurement using Belle II in its nominal

configuration.

e No signal yet, but an observed upper limit on the branching ratio of 4.1 x 107 is

set at the 90% CL.

: Observed limit on 1
Experiment Year BR(B* — K*ui) Approach Data[fb™']
<1.6x107 +
BABAR 2013 SL + Had 429
[Phys.Rev.D87,112005] tagging
<55%107
Belle 2013 Had 711
[Phys.Rev.D87,111103(R)] tagging
<19x%x107 SL
Belle 2017 [Phys.Rev.D96,091101 (R) ] tagging 711
_ Incl )
Belle II 2021 <4.1%1075 petusive 63
tagging
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Measurement summary..

e This measurement represents the first search for B' — K'vi performed with an
inclusive tagging and the first measurement using Belle II in its nominal
configuration.

e No signal yet, but an observed upper limit on the branching ratio of 4.1 x 107 is
set at the 90% CL.

SM Average

0.46 +0.05 1.1+0.4, prelim:

1 I 1 1 1 I 1

. Belle II (63 b1 Incluswe)

1.971¢ This work, prellmlnary

Belle (711 fb~!, SL)

1.0+0.6 PRD96, 091101

° Belle (711 fb!, Had)

3.0+£1.6 PRD87,111103

Babar (429 tb—!, Had+SL)

0.8+0.7 PRD87, 112005

L
|
I
I
I
|

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

0 | 2 4 6 3 10
10° x Br(BT—K " vp)
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Measurement summary..

e This measurement represents the first search for B' — K'vi performed with an
inclusive tagging and the first measurement using Belle II in its nominal
configuration.

e No signal yet, but an observed upper limit on the branching ratio of 4.1 X107 is
set at the 90% CL.

¢ When converted to the same luminosity, the Belle II inclusive tagging performs
10-20% better than the semileptonic tagging and a factor 3.5 better than the
hadronic tagging.

SM Average

0.46 +0.05 1.1+0.4, prelim:

. Belle II (63 fb 1 Incluswe)

1.971¢ This work, prellmlnary

Belle (711 fb~!, SL)

1.0+0.6 PRD96, 091101

° Belle (711 fb~!, Had)

3.0+£1.6 PRD87,111103

Babar (429 tb—!, Had+SL)
0.8£0.7 PRD87, 112005

I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

2 4 6 3 10
10° x Br(BT—K " vp)

Filippo Dattola | b — svi at Belle Il

18



..and future perspectives
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..and future perspectives

e More data: 3 X larger sample ready to be analysed.
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e More data: 3 X larger sample ready to be analysed.

e More input variables: e.g. K; ID.
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..and future perspectives

e More data: 3 X larger sample ready to be analysed.

e More input variables: e.g. K; ID.

e More channels: extension of the technique to BO—>K§)1/17 and B —» K*vu.
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..and future perspectives

e More data: 3 X larger sample ready to be analysed.
e More input variables: e.g. K; ID.

e More channels: extension of the technique to BO—>K§)1/D and B —» K*vu.

¢ Reduction of systematics: improvement of the continuum modelling.
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..and future perspectives

e More data: 3 X larger sample ready to be analysed.
e More input variables: e.g. K; ID.
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..and future perspectives

e More data: 3 X larger sample ready to be analysed.

e More input variables: e.g. K; ID.
e More channels: extension of the technique to BO—>K§)1/D and B —» K*vu.

¢ Reduction of systematics: improvement of the continuum modelling.

® Improvement of the multivariate classification: possible mixed NN and BDT
architecture.

S

105><0BR uncertainty for next analyses, assuming 25% improvement + 40% Kg

63 fb~! 197 fo~! 450fb~!  [(450 + 700) fb~!
. (Summer 2021 — ummer - elle sample
(arxiv:2104.12624) current lumi) (Sexpem;zeodz)2 (+ Belle I ple)
opr(K™) 1.55 0.78 0.52 0.32

osr(K* + KO) - 0.68 0.45 0.28, 'ﬂaﬂ’

pyetd®
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Supplemental material
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The BT - K'vi decay

Scenarios beyond the SM — possible contribution of right-handed operators Q%

— 4GF * [ N e Y) [ — (= — | .l —
Zo = = Vi 2 (CLOL+ CrOp)  where Oy = (St ) (Phw?" i) 1= e
[

V2

2 combinations of 6 Wilson Coefficients:

|
u : 0.8 T >
: Br(B — Kvu ) 1 Z (1 9 ) 2 - / \\/ Belle + BaBar B - Kvv 90% CL excluded
- =23 —&Me)€p, W / U | - Belle + BaBar B — K*vv 90% CL excluded
| | - 'I f S
- Br(B - Kviv)smy 3 - - 061 /N Belle I B — Kvr 68% CL allowed
: . L] \\ Belle I BR(B — K*vv) 68% CL allowed
- Br(B - K*vp) 1 Z g 0.4 /o / X Belle I1 B — K*vv 68% CL allowed
. — = — (1 -+ K,nne) € £ = /£ | / N
= Br(B— Kwwi)sgy 34 - | )
[ ] - :fgq /
|
- . . - Si 0.0
n 2 2
. VIChE +1C4) : S
u € = u
SM ’ 0.2 1
. [ -
. £ 1l% -
; —Re (CLCE) : 0.4
| n£ — L R | |
m - £ 12 £12 °
. |CLI? + |CERl - 0.6
| | |
FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN
0.8 L] L] Al L] - L] 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).

Significant increase in the B — KOup decay BR can be accommodated in models
describing CC and NC anomalies with leptoquarks. [arXiv:2107.01080v2]
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https://arxiv.org/pdf/2107.01080.pdf

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.

¢ World highest instantaneous luminosity:
3.12% 10** cm™2 s71.

Peak luminosity projections:

10 70
—LWak Before IR upgrade || ——Int. Luminosity
—L fter IR upgrade 60
= 8 i o
¥
: 17 2
s 6 RF «)5
:’_1, [partial] 5
z IR (QCS*) 30 &,
g “ e 2
= o
= 20 o
3 —
x ° 10
o
a
O (Tuning) 0

201911 202171 2023/1 20251 20271 202911 2031/
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Interaction

Region Belle |l detector

electron ring

b« | (“ L

positron ring S

electron / positron
linear injector

positron damping ring

® Nano-beam scheme:

4 )
4'.@;—'

KEKB SuperKEKB

“nano-beam” scheme
\ Beam squeezing: x20 smaller at IR/

22


https://arxiv.org/abs/1011.0352

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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Features of BT —» K uvp

e Number of reconstructed tracks in the event.

0.30

0.25 |

fraction of events

0.05

0.00 ¢t
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0.20 |
0.15 |

0.10 |

] | | | | | | |
Belle 11 1
[1 Neutral B
5 3 Charged B B
[ cc
- —o— B ss -
B uu
B dd
1 B"=K" v ]
¢ Exp 8, Run 3123 -
B . N
| 4 A A o b o
0 2 4 § o) 10 12 14
Ntraeks
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More on multivariate classification

e No overfitting observed neither for BDT1 nor for BDT2.

107 ——————— —
. Belle I1 F—1 Signal (train) ]
5 simulation 1 Background (train) -
10° ¢ Signal (test) &
i ¢ Background (test
n
O 10° F
o =
— A
-Ia? |
104 ¢ -
e
103 ; =
102 DA N A1
0.0 0.2 0.4 0.6 0.8
BDT,
®¢ Signal sensitivity of BDT1:
0.5 | Expectation for 63 fb* _ RN
0.4} e {20 B
aa [ L 1 <
+ 03Fe o~ 115 .8
SN 1 &
- S 110 @
A : Balenm : e
0.1F simulation \\\\\ g S =
i ] o
| S o P
oo+ 1. g D
0.990 0.992 0994 0996 0.998 1.000

Lower threshold on BDT; output

Filippo Dattola | b — svi at Belle Il

107 ————— —
F Belle II F—1 Signal (train) ]
5 simulation 1 Background (train) -
10° ¢ Signal (test) E
® Background (test) o]
105 |
10* :
103 E
102 : . N XN 1A .
0.0 0.2 0.4 0.6 1.0
BDT,



Reweighting of continuum MC

Discrepancies between simulated continuum
and off-resonance data.

Data-driven correction by means of an
additional fastBDT: BDT..

e Select simulated continuum (100 fb~ ') with BDT, > 0.9;
e Select off-resonance data (9 fb™!) with BDT, > 0.9;

e Train BDT, with the set of 51 variables using data as
signal and simulation as bkg;

e Being p the BDT, score, apply the event weight
p/(1 — p) = P(Data — like)/P(MC — like)

to correct the simulated continuum.

3 x103
— T "~ T T T T T .
[ Belle II = ] P(Data — like)
] W —
t .
event - p(MC — like)
) )
< <
) )
> >
] ]
Continuum MC yields scaled
™ up to Data of
normalisation ratio 1.22
% 18 F T ; — T T T '| V77777777777, %
3 L. : ............................ ___“:::;1¥¥ ................................................... 3 z
A2 0.5 l l N (NN AN AV 4 a

“4 -2 0 2 a 6 8
ROE AE [GeV]
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1.55|---|"'|"'||'|'|*:|'--|---

Before reweighting: no perfect
overlap at 0.5 — mismodelling.

— 5 I ' ! T I T T T T T T
o i [ Data (train)
8 4 _ Belle IT —= S?mulat?on (train)_:
o= /Edt:9fb‘1 ¢ Simulation (test) ]
: |
g 3r
g [
U) n
) [ S\
e 1lr
-+ I
S _
5 [F PO VAN AV SV

0.0 0.2 0.4 0.6 0.8 1.0

BDT,

Protection against large
, weights: clipping at w =10

x10
81— —T T T T T
[ Belle I1 I
[Ldt=9tb! B ¢
6 s
[ o B

B dd

“4 -2 0 2 a 6 8
ROE AE [GeV]
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https://inspirehep.net/literature/1194213

Definition of the fit region

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

1. s :
00 10 11 12 ' Bins 4,5,6,7,8,9,10,11,12 .
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 I o e e e e e e e e e e e e e e . .. e .. . ... .. e e . e . e e .. e ... ... ... ... .- 1
0.95 el :
» Bins 1,2,3: :
1 2 3 ; :
0.93 I E — Control Region 1 (CR1l): fit of data E
D5 20 24 35 E at the Y(4S) resonance; E
pT(K+)[GeV/C] E — Control Region 3 (CR3): fit of off- E
: resonance data. .

Control Region 1-2-3 to constrain bkg’s

yields.
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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

'BR(BT - K*vp).

Region 2D Bin Boundary Definition Physics Processes NG
Signal pr(K*) € [0.5,2.0,2.4,3.5] GeV/c signal + T (4S)
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

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
Region 3 (CR3) BDT, € [0.93,0.95] backgrounds (—60 MeV/c?)
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BDT,

SR(CR2)

1.00

0.99F

0.98

BDT,

0.97

0.96

0'9%.5 1.0 1.5 2.0 2.5 3.0 3.5
1 (K7) [GeV/(]

CR 1-2-3 to constrain bkg yields.

CR1(CR3)

0.9500
0.9475¢
0.9450 |
0.9425}
0.9400 |
0.9375}
0.9350}

0.9325¢}

0'930%.5 1.0 1.5 2.0 2.5 3.0 3.5

pr (K7) [GeV/c]



Identification of B™ — K+]/l/f_>,,,+ﬂ— events

250

‘Belle Il — MC |
[ Jcdt =63 ¢ Data ]

200 |

310
M, [GeV/c?]

0
3.05

Entries

300

Belle II 1 MC
250 |

200 |

150 |

100 |

50 |

528
M,;. [GeV/c?]

5.30

Entries

350

300

[\
o
(@)

—_
€)
(@)

250 |

100 |

50 |

Belle I — mMC

[ Jdt =63 ¢ Data ]

T '
~0.10 —0.05 0.00 0.05 0.10

AE [GeV]
AE = Z EiCMS o Ebeam

1720 data events from 63 fb~' + bkg suppressed to percent level.
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Results of the validation on

500
: —1 B+—>K+J/1/}_>//+}/* MC
I BT —K vy MC
400 |- | ¢ B'—K'J/y_,, Data-
w» 300 B .
) i
8 - * .'r Belle IT
R JLdt=63f"1
200 [ .
100 |- . .
i ) °
0 B L L L I L L L L I L L L l L 'Y L e I L L L L I L L L L
0 1 2 3 4 5 6
pr(K")[GeV/(]
400
—1 B+—>K+J/”¢_>//+Mf MC
BT =K vv MC
s —|_*_ ¢ BT=KJ/y,, Data
300 |- * _
7 t
] -
GC"_) 200 Belle IT _
2 - Ldt=63fb~!
100 | —
¢
0 L L I L L I L L L I L L L s
0.0 0.2 0.4 0.6 0.8 1.0
sphericity
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Events

Events

Bt - K*Jly

100
—1 B+—>K+J/1/}_>//+}/* MC
i BT —K*tww MC
80 |- \ ¢t BT—K"J/¢_,+, Data-
60 |- -
[ | Belle IT
- JLdt=63f"
40 | -
1
20 | 1 -
[ t
0 & 1 & I+| 1 1 1 I 1 1 1 l L & 1 & I 1 1 1 1 I 1 1 1 1
0 1 2 3 4 5 6
pr(K")[GeV/(]
70
i —1 B+—>K+J/’¢_>//+Mf MC
60 | Bt K tw MC i
I + B+_>K+J/¢A//*M’ Data
50 | =
- 1 Belle I1
w0 L | JLdt=63fb"" |
20 | | | =
| |
10 [ f .
0 L A B B e S G
0.0 0.2 0.4 0.6 0.8 1.0

sphericity

—

P
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Background composition

e B'BY signal side:

B=D pu*

B’—=D*(2010) K~

B°—>D—K+K°—\ \ /
B'K*(892) D+

-\

BO—sp(770) "D+

\ﬂ

/BO—>D “rt

T~B'SD K+

others J

Belle I1
simulation

e B"B~™ signal side:

B+ —D*(2007)u " v, () B+ —K*K'K’

BT —D*(2007)% Ve('y)\
B+—>]3°K+\

B+ —D*(2007)°K *
—

BT —=D% " v.(y)

Bt —Dnt—

_ / _
B+—>D*(2oo7)0ﬂy B —D% "v,(y)
BT =71ty
others I
Belle IT
simulation
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B'=D ey
BY—D*(2010) ~ u " v,(7)

vu(7)
)

B’—-D* (2010) e " 1 (7)

in the fit region

e BBV tag side:

B°-D*(2010) 7 7 w7l

B'—=D x*
B'—D* (2010) -t

/_BU—>D et v.(v)
/B°—>D K-
——B’=D uty,(y)

others—

\B°—>D (2010) ~ e " ve(7)

Belle I1
simulation

e BYB~ tag side:

B —p(770) * D°
B * —>D (2010) * 70
—D: D" (2007)0
B +—D* (2007)%1 (1260)
B *=D* 2007

B+—>7r 71' oY
/B+—>D°p+z/u(’y

B + D% ua(y)

—

BT —D*(2007)% " vy (y)

\B D" (2007) v, (7)

others—

Belle I1
simulation

——B">D*(2010) ~p*v,(y)

VT
/ B'»D K *K°
/B°—>D (2010) ~ 2, (1260) *
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Validation in the BDT sideband

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

x 104
5,/ 77
i Belle II 3
4 F [/ Neutral B
s @ Charged B ]
ﬂ 3 - = cc _:
g [ Bl ss ]
> 2 [ B E
i F B dd ]
[ 1 BT"—K"vir [x2000] 1
1: ¢ Data 7]
0
9 1.5 pr————
510} e
805|||||
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Fox-Wolfram Moment R,
4
6 Xl'o' T L L
I Belle 11 —
- Jcdt=63fb"' [ Neutral B
i [ Charged B
n 4 B cc ]
E B ss
Q:S) i B ua
M5 . dd ]
i 1 BT™—K"vir [x2000] |
Data
0
% 1.5 F T T T T T ]
3 1.0 e A _
8 0.5 : I [ I I
0.0 0.2 0.4 0.6 0.8
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x10%
6 T L L e e
i Belle 11 /o
- [dt=63fb~' 3 Neutral B
i @@ Charged B
n 4 B cc ]
= s _
= Bl ss
° | =
[} 2 B dd _
| 1 BT"—K'ww [x2000] |
i ¢ Data
0
S 71 R 555779 7 11 17
% . E —1—-4-‘_'_'_
A 05E I I I o I I

ROE AE [GeV]

*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.

I—— —8
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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 — 1
Phase space 1

3000 I SM form factor _
U) _
b ]
o$:| - |
[1] -Belle 11

1000 ‘simulation

0 5 10 15 20

q° [GeV?/c*]
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https://link.springer.com/article/10.1007/JHEP02(2015)184

Fit procedure

e pyhf modifiers and constraints:

Voo @)= ) Ve (%) =

s€ samples

Description
Uncorrelated Shape
Correlated Shape
Normalisation Unc.
MC Stat. Uncertainty
Luminosity
Normalisation

Data-driven Shape
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Z H Ksch ("’ X) V.s(')cb (n’ X) + Z Aso:'b ('I’ X)

s€ samples \ k€ x AcA
- J “ J
Y .. Y .
multiplicative modifiers additive modifiers
Modification Constraint Term ¢,
— Poi — 2 -2
Kseb(¥p) = ¥b [T, Pois (rs = 0;"| p» = 0 “1s)

Asco(a) = fp (al Ascha=-1, Ascb.a:l) Gaus(a=0|a,0=1)

Ksch(@) = gp (al Kscha=—1s K’scb,a:l) Gaus(a=0|a,c=1)
Kscb(¥p) = ¥b nb Gaus (a)’n = ll b, 51’)
Ksch(4) = 4 Gaus (I = 40| 4,04)

Ksco(Mp) = Mb

Kseo(¥p) = ¥b

Input

Oh
A scha=+1

Kscha=+1

5% = Zs 6§b

A0, 0}
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350 | | —

L Belle II [ psg=1,D=—0.04, 0,=0.99 ]

f \ 300 3 simulation [ psg=5,p= —0.07, 0, =1.01 B

¢ Test with injected signal: 250 | 1 g =20, p= —0.11, 0, = 1.01 ]
7p

b . ]

— 150 | -

hllOOE :

Check the pulls <,uﬁt—,umj_>/0ﬂ : = ;

0 ¢ pyhf 7

0 i |=.E . . . | . . . ;% e

-4 -2 0 2 4

P = (:LL - Nsig)/gu

High p-value v
Good agreement with y’ v

120 | —
I —— Asymptotic x3 , _o
( . . ) 100 F —— Fit to data, p-value=73% -
¢ Test the fit quality: [ 1 Toys :
»w 80 _
b [
o=
- 60 L Belle IT i
"E _ [Ldt=(63+9)fb !
Check the p-value of the fit H 40: i
on observations 20 | ]
[ pyhf
O - . . . | . . . n e | ! P i
0 20 40 60 80

—2log(L) — min oy (—2log(L))
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Cross validation of PyHf with a simplified
Gaussian model

40 i L L L L L L s
I ¢ Msig — 1.0 o
30 _ . fsig = 5.0 ; - _
: s = 20.0 o -
20 | _
o }
2 10|
o0 10 -
N—" R
= :
0F Belle II ]
I simulation
—10 _ i _
_ | L0 |

Filippo Dattola | b — svi at Belle Il



Fit to the Data

e Profile likelihood scan for the signal strength u:

2.5 T | |
[ . Data
2 2.0 -== Fit: 0~ =3.23, 0" =3.43 -
£l
1.5F -
E : Belle IT
= : [Ldt=(63+9)fb"
3 1.0:— -
N
| 05F .
: pyht
0.01L ' :
—0 —4 -2 0 2 4 §)
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

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

[ — 1 T e 50% pre-fit uncertainty attached
, | Belle II to each of the bkg's
Ig_]bdt:(&&+9ﬂb‘1l i normalisations.

B+_ -

N e No post-fit shift wrt to )
expectations for BB~ and B'B’
that are the larger bkg’s.

n
0)]
|

)
e ——
e — —
e

o
]
T

Background source

dd | | ——— . 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.

"0.93<BDT,<0.950.95<BDT,<0.97:0.97<BDT,<0.99: 0.99<BDT,

L L L L

: Belle II :
[Ldt=(63+9)fb "

T T T T I T T T

30 : .
-lg B Continuum -
) ¢ Data 1
> : _
20 -
10 scaled by 2 ]

0
0.5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5

pr(K")[GeV/c|
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Fit to the Data

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

1.00

s 0.00 -0.00 -0.01 -0.02 0.01 -0.00 .
0.75
Umxd 0.04 0.00 -0.00 0.05 -0.14 -0.72 . -0.00

0.50

7RW 0.52 0.01 0.02 0.08 -0.16.-0.72 0.01
0.25

7 0.19 -0.10 -0.30 —0.75.-0.16 0.14 -0.02
0.00

T 0.18 -0.04 —0.18.—0.75 0.08 0.05 -0.01
—0.2¢

e 0.08 -0.01.-0.18 -0.30 0.02 -0.00 -0.00
—0.5(

TEEl 0.01 .-0.01 -0.04 -0.10 0.01 0.00 0.00
—0.7¢

L - 0.01 -0.08 -0.18 0.19 -0.52 0.04 -0.00
—1.0(

W pdad Mua  Mss  Mee Mchg HUmxd Mrr
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Limit vs uncertainties

1 T 1T Tt
all F Belle II <= B

simulation
stat+norm+mcStat * -
stat+norm * -
stat+mcStat * -
stat | * -

1.00 1.25 150 1.75 2.00 225 2.50
-5
Normal 90% CL.  *10

Filippo Dattola | b — svi at Belle Il



