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— control sample to constrain continuum backgrounds Mass (Gav/:)
(eTe™ — qq, where g = (u,d, s, ¢)) (off-resonance)

With nanobeam scheme and upgraded rings SuperKEKB aims to reach
30 x higher Li.: than KEKB at cost of O(10)x higher backgrounds:

> x 1.5 currents

> x 1/20 vertical beam size
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Belle Il Detector

7 GeV electron

EM Calorimeter (ECL)
Csl(TI) crystals

%k Updated electronics with

waveform sampling

Central Drift Chamber (CDC)
14336 sense wires in He-C2Hs
% Smaller cells + longer lever
arm + faster electronics

Vertex detectors (PXD+SVD)

%k 2 pixel layers (DEPFET)

* 4 layers of silicon
microstrip layers

4 GeV positron

K. _and muon ID detectors
Resistive plate chambers
% Scintillators

har: PID detector:
%k Time of propagation counter (TOP) (barrel)
% Aerogel Cerenkov detector (ARICH) (forward)
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Belle Il was designed to give
similar or better performance
than Belle even under O(10) x
higher backgrounds

DAQ and trigger systems were
also upgraded (higher readout
frequency + low multiplicity
channels)!
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Luminosity

Status:
Collected ~ 268 fb~* since April 2019

>

>

DESY.

Slower luminosity accumulation than initially
planned, but with ~90% data-taking efficiency

Record-breaking instantaneous

3.8 x 1034ecm 27!

luminosity:

Highest daily integrated luminosity: 2.2 fb~*
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Belle Il Online luminosity

s Recorded Daily
—— [ LRecordeqdt =267.90[fb™1]

ALL SHOWN RESULTS
63 fb-! on-resonance +
9 fb-! of off-resonance data

0.5

Total integrated Daily luminosity [fb~1]

Plans:

Time

> Short-term plan: shutdown in 2023:

150

100

50

Total integrated luminosity [fb~1]

> full PXD installation — important to maintain good vertex
resolution at high luminosity
> Replacement of 50% of barrel TOP PMTs

> Goal: 50 ab™!
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Performance Highlights

Good flavour tagger performance

[arxiv:2110.00790] Factor 2 improvement
Y14 BelesvD2 (fLdt = 5710 . | in proper time resolution
12{ ¢ Bellell (f£dt = 628 ) [FBDT] . B es .
Y saengea - manmy pa 4 Good particle identification [PRL 127, 211801 (2021)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801
https://arxiv.org/abs/2110.00790
https://docs.belle2.org/record/1558/files/b2n048_Moriond2021.pdf
https://docs.belle2.org/record/2604

Electroweak and Radiative Penguin Decays

Flavour changing neutral current (FCNC) transitions occurring at loop level only — highly suppressed

> In this this talk concentrate mostly on b — s transitions:

Radiative penguin decays: Electroweak penguin decays:
- Measurement of B(B — K*v) (exclusive) > Study of BT — KTITI™ (exclusive)
> Observation of B — Xy (inclusive) > Search for BT — K" v (exclusive)

14 14

w H*
SM ﬁ N T
b s b [ vS .
—» L« % Charged Higgs
u,c,t u,c,t

7 ? £ £

w v/ . /V / £ ¢

b s b SW Wes b ; /s 9.
Leptoquark

u,c,t u,c,t LQ

Interesting as NP can appear either in a loop or mediate FCNC at the tree level, recently tensions wrt SM
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DESY.

easurement of B(B — K*~) arxiv:2110.08219

SM B(B — K*v) = O(10~?) with large uncertainties due to FF

First step before measurement of theoretically cleaner observables such as
CP violation asymmetry Acp and isospin asymmetry A+ : =

Lot :
A I'(B— K*y) —T'(B— K*y) b LRs s
PTT(B oK) +T(B—Kn)’ -
As = '(B° — K*%) —T(BT — K*T)
0" T T(BY = K*0q) + [(B* — K*¥7)’

which are then more sensitive to NP
Latest measurement from Belle with 772 x 10° BB pairs — 3.1 evidence for the isospin asymmetry violation

Observable Belle [PRL 119, 191802 (2017)] | SM [JHEP 04,027 (2017)][PRD D88, 094004 (2013)]
B(BY — K*0v) [ (3.96 +0.07 £ 0.14) x 10~° (3.48+£0.81) x 10~ °
BBt — K*T~) | (3.76 £0.10£0.12) x 10~° (3.43+0.84) x 1077
Acp(BY = K*U9) (-1.3£1.7£0.4)% (03£0.1)%
Aot (+6.2+ 1.5 +£0.6 + 1.2)% (4.9+2.6)%

Challenge: in future Ay+ will be dominated by f4_ /foo, Ace Will be statistically limited
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https://arxiv.org/abs/2110.08219
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://link.springer.com/article/10.1007/JHEP04(2017)027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.094004
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Measurement of B(B — K*~) (arxiv:2110.08219 |

Full decay chain reconstruction: o o N
B - K*(— K™n~
b K KO KT KOO, KT (KT, KOt ), KO — nha ™, 70 — 4y ( )

© (225 < EMS < 2,85 Gev) wf e Belle II
>yt . pe . Zg —'g'fg""' (Preliminary)

Main backgrounds: JLdt -62810

Candidates / (20 MeV)
@
g

& Continuum events with s coming from 7°, 77 — veto events consistent

20
with (7r0, n) kinematics + BDT suppression with event-based variables 10 4
. 90,4 -0.3 -0.2 70‘,1 0I 0.1 0.2 03
> Misreconstructed events AE [GeV]
. . BT — K*t(— Ko7 ™T)
> Combinatorial background s vy
30 |
Signal extraction with unbinned ML fit to AE = E5 — Ej.om sl —rt Belle Il

- g:fg"" (Preliminary)

J.Ld1 -6281b"
Mode Bueas [107°] | Bppg [1077]

BY — K*0 |4.5+0.3+0.2] 418 +£0.25
Bt — K*t9|5.2+0.440.3] 3.9240.22

Candidates / (20 MeV)
&

-04 -03 -02 -0.1 0 0.1 0.2 0.3

E [GeV]
Consistent with world average within 10 (20°) for neutral (charged) mode :
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https://arxiv.org/abs/2110.08219
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Observation of B — Xs~

First step towards the inclusive measurement of B(B — Xs7)

>

Sensitive to NP: charged Higgs [EPJC 78 8, 675 (2018)]

Analysis strategy:

>

>

>

Untagged approach (reconstruct high energy - on signal side)
Basic selection includes 7° and 7 veto

Suppression of the continuum backgrounds using BDT trained with
event shape variables

> Expected continuum backgrounds obtained from off-resonance

data; charged B backgrounds and neutral B backgrounds obtained
from simulation

Signal extraction from inclusive photon energy spectrum by looking at
the excess wrt total expected background

DESY.

| S.Stefkova | Lepton-Photon 2021, 11th January 2022

Candidates / (100 MeV)
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( BELLE2-NOTE-PL-2021-004 |
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https://docs.belle2.org/record/2302/files/BELLE2-NOTE-PL-2021-004.pdf
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6131-3
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Study of BT — KTITI~ BELLE2-NOTE-PL-2021-005

First look at the rare BT — K111~ in Belle II:

Both muon and electron modes are reconstructed 3.1 0 evidence for LFU violation in
b — sItI~ transitions by LHCb!

Background suppression with BDT using event shape, vertex information [arxiv:2103.11769]

P : g : : — *2 k2 _ BBtoktutu)
Signal extraction with simultaneous ML fit to My. = \/E;2  — p5® and AE R(K) = BET KTy
Peaking background from BY — KT 7z~ T T

- BaBar
. — . 01 <42 <812 GeVict
Nsig = 8.67%3(stat) 4 0.4(syst) — hint for BT — K171~ signal
—_— Belle §
N§ 15? + Daa Belle Il g’ 16 ¢ Daa Belle Il ot LHCb9 b
g b —Zx preliminary s 14; TF“ preliminary — 11 < <60 GeVet
2 U oo ssges | L0 = 628107 S b U Cmevessgans | L= 62810 . - .
> B Peating Background - 8 | F R Peaking Background _ 05 ! 15 R
£ 10f B' S K I 5 10 B 5 K I X
T 8 °  8F . . . .
| 5 } R(K) @ Belle Il statistically limited
° £ v . for foreseeable future, future
2F T 2 ; i, ¢t

NN R LR A e AR 'H?;‘ﬁ*“n‘h : challenge: lepton ID

52 521 522 523 524 525 526 527 528 529 -0.1 -0.05 0 0.05 0.1 0.15 0.2 M"Y 7
M, [GeV/c?] AE [GeV] 5 /VzL'ﬂ< .

Belle Il with > 5 ab—? to provide significant independent information on R(K)
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Search for BT — KTvi
SM Theory:
Does not suffer from charm-loop contributions
— clean SM computation
B(BY — KTvp) = (4.6 £ 0.5) x 107° [arxiv:1606.00916]
SM q?(vp) distribution [arXiv:1409.4557]
BSM:

Complementary channel to b — sll transitions where tensions with
the SM have been observed

NP scenarios: Leptoquarks [PRD 98, 055003 (2018)], Axions [PRD
102, 015023 (2020)], and Dark Matter candidates [PRD 101,
095006 (2020)]

This decay has not been observed yet:

So far best upper limit of 1.6 x 10™° @ 90% C.L. set by
BaBar [PRD 87, 112005 (2013)] using an exclusive reconstruction
(egg” = 0.2%)

DESY. | S.Stefkova | Lepton-Photon 2021, 11th January 2022

PRL 127, 181802 (2021)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://arxiv.org/abs/1606.00916v2
https://arxiv.org/abs/1409.4557
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.055003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.015023
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.015023
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.095006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.095006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
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Search for BT — Ktvi (PRL 127, 181802 (2021)

With only 1/10 £ new inclusive tag exploits very distinct signal kinematics:

> 1. Reconstruct signal: highest-pr track in the event with at least 1 PXD hit (esig = 78%) > vas)

> 2. Reconstruct remaining tracks and clusters in the event

> Minimise the background contamination with two nested BDTs
(variables: event topology, missing energy, vertex separation, signal kinematics)

20 x higher signal efficiency (e = 4.3%) wrt exclusive reconstruction but also higher background
contamination

> Validation with control channel: B — J/4(— pTp™)Kt

2000
Belle IT Signal proxy
Jede=63f-1 |1 remove dimuon
200 — 2. mimic 3-body
1500 - kinematics v
= S L T =~ :
» S150 \ = Neutral B ©
8 2100 |- B Charged B
3 £ « :
1000 [ E H
g 0 L L L L Signal ’_'1
& 0.0 02 04 06 08 1.0

fraction of events

BDT,(BDT, >0.9)
500 EACIBY 5K+ I/, MC & B*—K*J/¢,,, Data| o
[CIB*K*J/tyy-MC & B*5K*J/y -, Data
B =K 'vp MC
o = e . ‘ =l -
0.0 02 0.4 0.6 0.8 1.0 : : : :

BDT, sphericity
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Search for B™ — Ktviz [PRL127,181802 (2021)]

Results and prospects:
> Binned simultaneous ML fit to pr(K™) x BDT, to extract — s 099; 099:BD1,
signal strength 11 (1 1 =SM B=4.6 x 1075) 00 '
> No significant signal is observed, limit of 4.1 X 10~° @ 90 C.L. is set 9
— competitive with "only” 63 fb—1 g

On-resonance data

(m+q) !

- B K ww

[ Neutral B

B Charged B

]
)

Continuum ]
_ Data

> Inclusive tag shows the best performance, can be used in similar channels P
100 ¢ scaled by 2 ]

> For next iteration, leading systematics can be reduced

0
0.5 2.0 2.43.50.52.0 24350520 2.43.50.52.0 2.4 3.5

> Combined analysis of inclusive + exclusive tagged events can lead to oK) [GeV /]
faster observation

SM A\{gerage Bellell | —-L. Expected
/L'(lt (63+9)b"" mmm Expected+io |
BeHel I (63 fb !, Inclusive), Expected-20
1971¢ This wor
g —— Observed
-1 —_— 4
—.— Belle (7310, SL) g
L+ Belle (711 m-', Had) = 90% CL 1
50416 PRDE7, 111103 O Expected: 2.3x10°°
4o Babar (429 b, Had+SL) Observed: 4.1:10
‘ | o ot ‘ -
0 2 4 6 8 10 yum— s 107
5 + + 5 : ;
10° x Br(B*"—K " vw) B* — K*v> branching fraction
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Summary

In conclusion:
Belle Il is accumulating high-quality data — the first electroweak and radiative penguin signals have been seen

Search for B — K™ v — first published Belle Il B-physics paper employing novel inclusive tagging approach
yielding highly competitive limit with "only” 1/10 of previous B-factory dataset

Expect improved measurements soon (4 x bigger dataset on tape, improved analysis techniques)

Belle Il is going to become crucial player in understanding the flavour anomalies

Thank you!

signal kaon track
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Slavomira Stefkova
Simulation event: B → K νν
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BACKUP
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LHCDb vs Belle Il

LHCb Belle Il
single-arm detector hermetic detector
longitudinal momentum of B not known known initial state kinematics
pro @ neutral object reconstruction (photon, K;)

100 150 200

Bt — Kt wvizis a golden channel @ Belle II: clean environment and well defined initial state but still
challenging as two neutrinos in the final state leave no signature
DESY. | S.Stefkova | Lepton-Photon 2021,11th January 2022 Page 16



BDT parameters |

To suppress the backgrounds list of potential features (>100) such as:

> variables related to event-shape,

qq B(-Kvv)B BB

o
X
=
=
b
o
o

T
[ Neutral B
= Charged B

T
™ B Belle I1
Neutral B «
Charged B+

<
w

R1: Momentum
imbalance

&

=
=
=
==
s
]
-
|
]

<
i

il

higher for signal = ad
=
+

SKup B K v

because of

0.2 neutrinos

fraction of events
fraction of events
=
w

Exp 8, Run 3123

0.4 0.5

0.4 0.6
sphericity Fox-Wolfram Moment R,
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BDT parameters Il

To suppress the backgrounds list of potential features (>100) such as:

> variables related to event-shape, ROE-related variables, variables related to the distance wrt to beam spot and
tag-vertex, variables related to 2/3-track vertex fits, missing mass ...

51 most discriminating variables w/o loss of performace are chosen as an input to BDTs

| AE =Eg — \/5/2 (E* of second B meson) |
T T T 7 T

0.150 T
Belle 11 g Ze tral B
u

0.125 | =3 Charged B
42 ===y
g 0.100 | - s
> [
G . dd
Z 0.075 | 3 B =K'
S ¢ Exp8, Run3123
S 0.050
e
&

0.025

0.000

ROE AE [GeV]
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T T T
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. [ Neutral B
- D candidate == charged B
W B o
 ss
. oo
. dd
3 B*—K*w
¢ Exp8, Run 3123
0.5 1.0 1.5 2.0 2.5

M(K ™, r cpop) w/max x*(K 1, r7) [GeV/c?]
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Two-stage BDT

Two consecutive BDTs (BDT4 and BDT,) have been trained on simulated subsamples to suppress the backgrounds:

> BDT; trained on the chosen 51 variables on ~ 10° events for all types of backgrounds and signal

> BDT; is trained with the same set of variables but only on events with BDT; > 0.9 (~ 28% esig)

> Boosting of statistics in signal region — improvement of signal purity of 35% @ 4% €ig

> No overtraining is observed

0.5

T T
Expectation for 63 fb!

aeos®
peneet®

)
cene®

125

= 120

‘15

110

15

202 -
wn
Belle II
o1f 0
simulation
00 ' '
0.990 0.992 0.994

n L
0.996 0.998

1.0(90

Lower threshold on BDT, output

DESY.
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* 120
115
110
Belle 11 ~
0.1 . . 15
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O‘O L L L L A 0
0.5 0.6 0.7 0.8 0.9 1.0

Lower threshold on BDT, output

Signal efficiency [%]
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Validation I: Bt — J/¢(— ptTpu™)KT

BDT; and BDT, validated with data/MC comparison using B — J/4(— utp ™)K

> Used because of high BF and clean signature

> Validation for both signal and B-backgrounds !
>

Signal-like BY — J/¢(— ptpu )kt
> 0. Reconstruct BY — J/4p(— ptp )kt

> 1. Ignore dimuon from J/1) to mimic miss-
ing energy

> 2. Replace four-momenta of K by that of
the signal to mimic 3-body kinematics

DESY. | S.Stefkova | Lepton-Photon 2021, 11th January 2022

Excellent agreement — for BDT, > 0.95, data/MC=1.06 + 0.10

2000 .
Belle 1T Signal proxy
Ldt=63fb! 1. remove dimuon
200 — 2. mimic 3-body
1500 o kinematics
- 8 =
7 =150 |
8 5100 |
S E
o
21000 [ s oor
g 0 O PO DSRRIN DUDUTIN B Signal
A 0.0 902 04 06 08 1.0
BDT,(BDT,; >0.9)
500 |/ [IB*—=K"J/¢,,+, MC & B*—K*J/¢,,+, Data| o
[IB*—=K"J/¢y-MC ¢ BT=K*'J/¢ 4+, Data
BT—=K* v MC .
0 ! I I +h—{’_j—:
0.0 0.2 0.4 0.6 0.8 1.0
BDT,
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Fit Region Definition

v

Signal region: maximum sensitivity — BDT, > 0.95 — 4.3% €sjg

> In SR, kaon PID > 0.9 — keep 62% kaons, remove 97% pions

> 24 bins in pr X BDT; space
(12 bins on-resonance + 12 bins off-resonance)

> Bin boundaries determined from 2D grid optimisation

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(K™) € [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?)

DESY. | S.Stefkova

| Lepton-Photon 2021, 11th January 2022
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Validation II: Continuum

Data/MC comparison between off-resonance data and continuum simulation in pr x BDT; bins
> Very good agreement in shape
> Discrepancy in scale: Data/MC factor = 1.40 +0.12

> Introduction of normalisation uncertainty of 50% to all the backgrounds (conservative)

60 —— T T T ™ T 1.00
Belle IT/ = 10 11 12
[edt=9fb ‘ [ 0.99
7 8 9
0.97
4 b] 6
0.95
1 2 8
0.93
0.5 20 24 3.5

pr(K1)[GeV/c]

pr(K " )xBDT, bins
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Statistical Model

f(n,aln, x) = H H Pois(n,, | v,,(1. 1)) H('z(“xl)()

Likelihood implemented within pyhf package cnetioms b : g
Cross-check with sghf: simplified Gaussian model Simaltancous measurements of

multiple regions
Inclusion of systematics in the model via nuisance parameters: 2% parameter of interest constraints
background normalisation uncertainty, tracking inefficiency, neu- §Tnenanes parmerers
tral energy miscalibration for photons, neutral energy miscalibra- on-resonance  off-resonance
tion for unmatched photons, uncertainty on PID correction due to Regions = {SR, r CRZ, CRO}
limited statistics, uncertainty on branching fractions of leading bkg 1.00 10 11 12
processes, uncertainty on SM form factor 0.99 B . .
All 7 background samples considered separately: mixed B, charged £ 0.97
B, cc, ul, ss, dd, 77~ a 4 5 6
Total number of fit parameters: 175 nuisance parameters (_’) and 0.95
1 parameter of interest ( signal strength=p ) L 2 3
14 =SMBF=(4.6+0.5) x 10°° 09%5 20 24 35

pr(K")[GeV/c]
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https://scikit-hep.org/pyhf/intro.html

Fit To Data

> Binned simultaneous ML fit to data to extract signal strength p
> Result: pp = 4.2729 (stat) 112 (syst) = 4.2737
> Continuum bkgs pulled up by up to 40%, B-bkgs stay the same

On-resonance data
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Limit Setting

> As no significant signal is observed — limit setting
> Use both pyhf and sghfto compute a limit — consistent results

> Result: B(BY — KTvi) < 4.1 x 107° @ 90CL

§ x10-°
+ 3.5 T T T T T T T T
> Leading systematic: background normalisation ?
1 30F por s
%0 NI
a8 + ot ot ST
L0 Belle IT ‘ P S P g
elle ---- Expected E & -
. _ S o0L B 1
; /Edt:(63+9)ﬂa ! mmm Expected+ic SEC) K Belle IT
0.8 [ 1 g ST simulation
1 Expected+20 = N pyhf 4
(5} bk L L L L L L L L
—— Observed 2 = PE— =
< 06 b 4 EE § g E g8 E 3§
g g 8 4 £ % 4 o+ o
% + £ E 2 E % & ¥
— 0.4 90% CL . §0r 0L 08 5 % & B
- 3 El a i~
o Expected: 2.3x10 7 £ & o+ £ g
5 3 2 3
0.2 Observed: 4.1x10 " ] CENL - %’
LI
.... = _5 E
0.0 b tas 1 x 10 Errors
0 2 4 6 8

B — K*vw branching fraction
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https://scikit-hep.org/pyhf/intro.html

Reinterpretation

> Publish e as a function of g% (v7)
> Reminder: default signal model — PHSP model with SM form factor reweighting [arXiv:1409.4557]

> At low g® maximum signal efficiency of ~ 13%, but no sensitivity for g> > 16 GeVv?/c?

15.0
4000 T T T T
[ Phase space — 125 ]
3000 [ SM form factor = Belle II Simulation
g > 10.0 | E
o &)
*E 2000 | 1 g 75F ]
23] Belle I1 EJ sok ]
1000 rsimulation g
LT-] 25F ]
0 1 1 1
0 5 10 15 20 0.0 Lo Lo
2 2 /.4 0 2 4 6 8 10 12 14 16 18 20 22 24
q° [GeVZ/c?] o2 [GeV2 /e
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https://arxiv.org/abs/1409.4557

Comparison with Other Measurements

e SM  Average
> Competitive limit oy o ‘ ‘ ‘
. . . . . I Belle II (63 fb~!, Inclusive)
> Comparison with other experiments via ogr assuming i L]y This work
same luminosity — the performance of inclusive tag: —o— Belle (711 fb 1, SL)
'
> 3.5 better than hadronic tag i o Belle(711 !, Had)
i 3.0+1.6 PRD87, 11110:
0, 1 1 1
> 20% better than semlle.ptonlc tag . . AL Babar (429 1 Had+SL)
> 10% better than combined hadronic and semilep- o P i
2 4 6 8 10

tonic tag

10° x Br(B"—K " vi)

: Observed limit on _
Experiment Year BR(B* — K*vi) Approach | Datalfb™']
-5
BABAR 2013 <16x10 SL + 'Had 49
[Phys.Rev.D87,112005] tagging
<5.5%x107° Had
711
Belle 2013 [Phys.Rev.D87,111103(R)] tagging
<19x107° SL
Belle 2017 [Phys.Rev.D96,091101(R)] tagging i
Belle II | 2021 <41x107 Inclusive | 43
tagging
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Conclusion and Prospects

>

DESY.

Bigger dataset (+ possible combination with Belle dataset)

Attacking biggest systematic (background normalisations, e.g continuum modelling)
More channels (K*, K2, K**...)

Possible improvement in background suppression (use of NN architecture, discriminating vars)

Combined analysis of inclusive and exclusive tagged events

105><6]3R uncertainty for next analyses, assuming 25% improvement + 40% KsU

63 fb! 197 fb~! 450 fb~! (450 4 700) fb!
(arXivi2104.12624) Acsuu;nrmeenrt 210u2m11)— (Suem):;cerctzeo:)z - (+ Belle I sample)
opr(K™) 1.55 0.78 0.52 0.32
oK +KD) - 0.68 0.45 o‘.zsi-n
L el inm
Py
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Basic Event Selection

> Track cleanup: pr > 0.1GeV/c, 6 € CDC, |dr| < 0.5cm, |dz| < 3.0cm, E < 5.5 GeV

> Photon cleanup: E > 0.1 GeV, € CDC, E < 5.5 GeV

> Other loose preselection to reject low-multiplicity background:

> 4 < nTracksCleaned < 10
> 0.3 < 0(Pmiss) < 2.8rad
> Visible E in CMS frame> 4GeV

fraction of events
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Continuum Modelling Improvement

Additional BDT. is trained on events with BDT; > 0.9 in order to correct mismodeling of continuum simulation:
> Signal = off-resonance data , background = continuum simulation

> Continuum simulation events are reweighted with 1%‘9, where p = BDT, output

> Method taken from here: J. Phys.: Conf. Ser. 368 012028

x10% %103

~5 T T T T T T T T T T T T
Fc . . = 4 . N -
% Belle IT g ?ﬁi‘lﬂfﬁ:)umm. 4 Eﬁl:lfmg Before reweighting = 4 }%ﬁlzl‘g’ﬁﬂ After reweighting E o
E= /Zdﬁ,gn, 1 ¢ Simulation (test) 3 =] :
© 2 - 9
= [ =
E 3F 1 5 2 ¢ D] ©
5] = &
Eof ] 1 E
n
L 0 0
= 1 15 ‘ ¢ 15
g S ERERRRRRRRIE NS 577 -4 7T RIS || 12277 |
S0 ‘ : Zo5bd .y ‘ C U ] Eosbl ‘ PN 1 i
0.0 0.2 0.4 0.6 0.8 1.0 ) 1 2 3 4 5 S50 1 0 3 4 .
BDT. pr(K*) [GeV/e] pr(K*) [GeV/c]
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https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028

Overtraining

1 07 T T T T 1 07 T T T T
Belle IT [Z1 Signal (train) Belle IT [ Signal (train) E
o simulation [S1 Background (train) s simulation =] Background (train) -
10° ¢ Signal (test) . 10° ¢ Signal (test) E
¢ Background (test ¢ Background (test) 4]
(%)) [%)]
O 10° P — O 10°
'E 's;::
-+ -
S 104 1 S 10t
F [
°
108 108
102 L L L 102 |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
BDT, BDT,
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Fit Validation

> Test with injected signal — check pulls = ’”’%ﬂ””“ for 1, 5, 20 x signal

> Test the fit quality — high p-value, good agreement with x? distribution

350 T T T
Belle IT I psig=1,p= —0.04, 0,=0.99 T T T T T T T T
300 F  simulation C pg=5,p=—0.07, 5, =1.01 3500 | —— Asymptotic xi,, o 7
250 [ psig=20, p= —0.11, 0, =1.01 ] 3000 | - Data, p-value=68% 1
(75} 3 [ Toys
») 2500 1
L 200 1 @
_t,l b 2000 | Belle IT E
Uﬁ 150 E L]'GJ 1500 F /Edt:(63+9)fb71
100 g 1000 [ .
50 ¢ 500 sghf 1
0 0 f . . . . . .
—4 4 5 10 15 20 25 30 35 40 45 50
2
X

= (,LL - ,usig)/o-u
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pyhf versus sghf

> Check correlation between pyhf and sghf fitted . for 1, 5, 20 x signal — very good correlation

40 —

30 b
20 F

10 b

f1(sghf)

-10F

=20

Hsig = 1.0

Hsig = 5.0 ) L
fisig = 20.0 2

Belle IT
simulation

220
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Profile Likelihood Scan

> Assymetric uncertainty on signal strength u estimated by fitting of parabola of the points from profile likelihood

scan

2.5 [ T T T T T ]
i ¢ Data 1
—~20f == Fit:0~ =323, 0% =343 :
N |
1.5F -
E i Belle IT ]
% i [Ldt=(63+9)b" ]
I 05F .

i pyhf

0.0L L '

-6 -4 -2 0 2 4 6
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Background Composition in the Fit Region

o B’B’ signal side: e BB’ tag side:

0_p- — BYSD u"[) BOD* (2010) 7t w Al

BOD* (@010) K /7,“) [ -
“"*D'"’K“ / B=D* «mm» () B (2010) 1,
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BN

BUD* (2010) ", (1260) ©
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B'+D K \E"ﬁm(zmn) et uly)
othersJ
Belle IT
Belle IT simulation
simulation
e BYB~ signal side: e B'B~ tag side:

B D0 1, 0)

B —p(770) * D"
B oK K'K” B+ —D*(2010)* 7’7t 7~
B0 D (oo
B* D\Mf‘\‘ml\ B /s‘ 515" (2007) % (1260) *
BBt ) /nun o0y,
B e

B )

Bt ()
B D (200K ___

|—B D (2007 i)
Bt ip s — others—
— —
P BBy )
BoDmnt e B )
othors———
Belle IT Belle Il
simulation

simulation

DESY. | S.Stefkova | Lepton-Photon 2021, 11th January 2022 Page 35



Belle Il Prospects (R(K*), angular)

2022
—~ 2.2¢ :
X b Belle2019 Belle 2019 ~ 0.6 0 0 ’
o “F  ——LHCb2017 Preliminary < b
1.8 s BaBar 2012 [Belle arXiv: 1904.02440] x 05 B?“Iéec?i Oer{]S’A N
: . L | j 19 UII\[\,
1.6F — Ql\/!- JHEP.01,.093.(2018 * C
sab Belle (R(K")) o4k ) =~ f € (0.045,1.1) GeV/
B T . BB EEN =0 € (1.1,6.0) GeV?
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0 . 8 E f ) 11 : .’0, .)" . o,./. :
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0 5 10 15 20 [Belle Phys. Rev. Lett. 118, 111801] - e
P (GeV?/c?) y , 0 ; :
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15 ¥ v T L T T T LI T T " w F
: B DHMV ~ The largest deviation with 2.6 T 045F
Lok #1 LHCb 2015 : . = o
o b CMSs 2017 sigma observed in muon channel £ o4f
; b ATLAS 2017 ] 'g 0 355_
PRI A # Tewessemnl . Electron channel is deviating with 8 "k
e oo | 1 i 1.1 sigma > 02'55_
-osf } —j ~ With 2.8 ab-1 the uncertainty on 0.2F
: : ’ i 0.15F
b D:l ; P’s (both e & mu) will be -
; ] comparable to LHCb 3 fb-1 (mu 0.15
-1'50 S 10 15 20 Only) 0'055_
q* [GeV? /c*)
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R(K) Belle Il vs LHCb [ veronazmzsse: ]

———

~ 240 ~ i I i
220) LHCh 0 600F LHCb In comparison to LHCbz 3 differing
200 i —+ Data 9 b % 500F — Data 9 b’ aspects to consider: efficiency,
180 N Fh — Total fit C — Total fit . .
ot £ B Koo é I B . B s Kt statistics and resolution
140 Bl 53— Jiy(ete)KH > - Combinatorial ————— —
120 8 Part. Reco. s_,; 300 Belle II L.HCD
100 € Combinatorial 4= C
80 =) -
60 = 2005 [LHCb. arXiv:2103.11769] S]_gna,]_ K"', Ks K+
H0E .- © 100F
2 s : _— o e SameKee 1 ab-! 1 fb-!
5000 5500 6000 5200 5300 5400 . 5500 5600 Statistics
m(K*ee”) [MeV/c?] m(K ) [MeVie?] B->K mu 30 % ~5 %
¢ Data Bel_le. ” .mu
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Electrons (and muons) in Belle Il have better resolution
thanks to Myc
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Towards R(K) in Belle Il [eeemser]

—

First Belle Il measurement of BT — K1t~ Prospects for R(K)

Measurement is going to be statistically limited for foreseeable

- Signalyield extracted with 2D ML future with leading systematics due to lepton ID~0.4%

fit to Moc and AE: + tat) & 0.4(syst
| ” 8.6 (S at) = 0.4(syst) -~ In order to confirm LHCb’s R(K) anomaly (5 sigma) need at
- Significance: 2.7 sigma least 20 ab-

- Peaking background from B* - KTz x
[The Belle II Physics Book]

Candidates / (3 MeV/c?)
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