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Standard Model of Particle Physics
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Open Questions

Iy WA w e

Matter - antimatter imbalance Dark Sector Neutrino masses
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The Flavour Recipe %

1. Leptons and quarks =
3. CKM Matrix =

gather the main
assemble all the parts

ingredients
- gni 3 together

1-5IIII|IIII|II|I&|IIIIIIIIIIII

2. Make measurements Of EexcludedareahasCL>0.95; %%

the flavour observables = 10

lIIIIIlIIII

bake cake parts o5

C Puiyien = oo
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B-physics

18!

Why B-hadrons decays in particular?

O Light enough to be produced abundantly but
neavy enough to have many decays

O Predictions for SM observables are well-known

One of the main missions ot B-factories is to perform

electron

searches for new physics (NP) in rare decays

Ve

neutrino
electron

neutrino neutrino
muon tau

Rare decay: branching fraction (B — decay products) < 1 X 107>
— only less then 1 in 100000 B-hadron decays in this way
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B-physics

Why B-hadrons decays in particular?

O Light enough to be produced abundantly but
neavy enough to have many decays
O Predictions for SM observables are well-known

One of the main missions ot B-factories is to perform

searches for new physics (NP) in rare decays, which

cannot be fully reconstructed — have missing energy

neutrino
electron

Rare decay: branching fraction (B — decay products) < 1 X 107>
— only less then 1 in 100000 B-hadron decays in this way
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Today’s Roadmap

TSCHES ELEKTRO

5

Belle 1l and SuperKEKB New Belle Il Measurement

‘ Outlook
BB — K*v)in
SM and experiment
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Belle Il Collaboration

~1200 physicists and
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Belle Il Collaboration

~1200 physicists and engineers fr om 122 institutions in 28 countries/regions
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SuperKEKB

. 25
SuperKEKB operates nominally at \/E = 10.58 GeV: - Y (18) Off-resonance
O Y(4S) —» BB in 96 % 2 20| data (@ 10.52 GeV)
O collected 362 fb-1 ~ 390 mil. B-meson pairs s ,f 0 TS On-resonance
© -
. (O S
O record-breaking . .= 4.7 x 1034 cm=2s! T d data (@10.58 GeV)
| nst Tl . T(39)
O currently in long shutdown S { l
+ L it y T (4S)
o sk Aot £ 9 !
Belle I Flectrons o [ 281 LIPS L S
Detector — r continuum background
ol .. .. (I O — O R ——

0.44 9.46 16.0010.02 ~10.34 10.37 ~10.54 10.58 10.62
e"e” Center-of-Mass Energy [GeV]

Japan . . .
L |Tsukubs Positron Final goal is to:
‘% | KEK LER (&%) Generator
/ O run @ ~10 X higher &£, .. than current record
—
| \— O collect &£. ., = 50 ab-1
N Damping int
/\, ' Positrons Ring E;?)Etrzoen
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Belle Il Detector

m _ Nearly tull 4z coverage detector with:

\ O excellent sensitivity to low energy
m depogitg
O excellent particle identification

capabilities (PID)

HER O good neutral reconstruction
(e™) 7 GeV I
EM Calorimeter (ECL) 2‘ M\ = .' i LER
Energyoc ~ 2 % . \ Ii.“ * (™) 4 GeV
Central Drift Chamber (CDC) \ : K. and muon detector (KLM)
Spatial 6 ~ 100 um Muon ID efficiency ~ 90 %
pr o =0.4% I

Charged PID detectors (TOP + ARICH)
Pion mis-ID efficiency ~ 5 %
Kaon ID-efficiency ~ 90 %

Vertex detectors (PXD+SVD)
Vertex o ~ 15 um
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BT — K vy Event in Belle |l

Typical Bt — K v event benefits from:

Belle Il is best-suited to measure B-decays o cleaner environment compared to LHCb

with significant missing ener . o
I I Iy O constraints from well-known initial state

kinematics

BT - K"vv simulated event
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Karlsruhe Institute o f Technology



mailto:slavomira.stefkova@kit.edu

BT — K vy Event in Belle |l

Typical Bt — K v event benefits from:

Belle Il is best-suited to measure B-decays o cleaner environment compared to LHCb

with significant missing energy

O constraints from well-known initial state

kinematics

P Challenges of rare B-decays:
BT — K"vi simulated event O high reconstruction efficiency for visible particles

O excellent MC modelling

///P;
qb %

/L/

@ ~
®) /
x

(=

—

Challenges of channels with neutrinos:
O excellent understanding of other neutrals

(7%, K, K9,n,7,...)
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B™ — K™viv Decays: SM

BT — K*vv decays in SM:
O flavour-changing neutral current (b — s) transitions
O precise SM prediction: B(B* — KTvi) = (5.58 £ 0.37) x 107°
[PRD 107, 1324 014511 (2023), PRD 107, 119903 (2023)]

BT — K*vb observables are sensitive to many NP scenarios

Slavomira Stetkova, slavomira.stetkova@kit.edu 15 KIT KCETA Colloquium
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B™ — K™viv Decays: SM

BT — K*vv decays in SM:
O flavour-changing neutral current (b — s) transitions
O precise SM prediction: B(B* — KTvi) = (5.58 £ 0.37) x 107°
[PRD 107, 1324 014511 (2023), PRD 107, 119903 (2023)]
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B™ — K*vi Sensitivity to NP

Light NP scenarios Heavy NP scenarios
O /': PLB 821, 136607 (2021)

O Axions: PRD 102, 015023 (2020) | |
O Dark Scalars: PRD 101, 095006 (2020) O Leptoquarks: PRD 98, 055003 (2018)

O Axion-like particles: JHEP 04, 131 (2023)

R

HEAVY

XN

Z/
W=
® b —» > > S
5T
v %
b —»—4/» S

Correlation to flavour anomalies

KIT KCETA Colloquium ﬂ(IT
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B™ — K™vi Decays: SM and Experiment

v

BT — K™vv decays in SM:
O flavour-changing neutral current (b — s) transitions
O precise SM prediction: B(B™ - K vp) = (5.58 £ 0.37) X 1070
[PRD 107, 1324 014511 (2023), PRD 107, 119903 (2023)]

BT — K*vb observables are sensitive to many BSM scenarios

st

HEAVY
BT — K™uv decays in experiment:

O Belle Il searched for this decay with first 63 tb-! using inclusive
tagging method [PrL 127, 181802 (2021)]

O current limits order of magnitude above SM expectation

Slavomira Stetkova, slavomira.stetkova@kit.edu 18 KIT KCETA Colloquium
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/ \\

ThiS CO"OqUium _ aniv:2311.14647
— -

Latest Belle Il measurement [arxiv: 2311.14647]:

o with full Belle Il 362 tb-1 dataset
O with signal modelling based on PRD 107, 119903 (2023)

O with improved analysis (inclusive tagging ITA) + more conventional analysis (hadronic tagging HTA)

Hadronic tagging (HTA) o Inclusive tagging (ITA)
Efficiency _
K~ — K
Bsig; Bs’ig;
— [Tl5) — —— T(4S) ——
€ €
B\ Do B
N Purity, Resolution a
e

K+
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trategy in a Nutshell
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Data
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Reconstruction and Basic Selection

ITA
/ ITA
ST IEs) / 1. Pertform basic reconstruction (tracks and clusters)
. Charged track objects: p, > 100 MeV/c

. Neutral cluster objects : E > 100 MeV

HTA
1. Perform basic reconstruction (tracks and clusters)

Charged track objects: p, > 100 MeV/c
. Neutral cluster objects : E > 60 MeV

> XES)

\
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Reconstruction and Basic Selection

ITA
1. Perform basic reconstruction (tracks and clusters)

HTA

1. Perform basic reconstruction (tracks and clusters)
2. Reconstruct hadronic tag

o /g
=

Slavomira Stefkova, slavomira.stetkova@kit.edu 22 KIT KCETA Colloquium ﬂ(IT
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Reconstruction and Basic Selection

/ ITA
/% 1. Perform basic reconstruction (tracks and clusters)

ITA 5
~ @

HTA

1. Perform basic reconstruction (tracks and clusters)
Biag 2. Reconstruct hadronic tag

P

| Bug

D~ ¥

/'
\‘0
T

/
~—
\ A
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=

/ 4

Bt

HTA

0/

D~

7

g\ /'
T~ 0

\ —
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Reconstruction and Basic Selection
@
)

ITA

1. Perform basic reconstruction (tracks and clusters)
2. Reconstruct signal kaon requiring kaonID

HTA
1. Perform basic reconstruction (tracks and clusters)
2. Reconstruct hadronic tag
3. Reconstruct signal kaon requiring kaonlD

24 KIT KCETA Colloquium ﬂ(IT
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Reconstruction and Basic Selection

3 / ITA
/%’ 1. Perform basic reconstruction (tracks and clusters)
A . Reconstruct signal kaon requiring kaonlD
Rest Of the 3. ldentify (ROE)
Event (ROE)

N

HTA

0/

HTA
/ 1. Perform basic reconstruction (tracks and clusters)
Biag Reconstruct hadronic tag

Bt

N

P 3. Reconstruct signal kaon requiring kaonlD
D~
T~

» 0

ag
\
\ \4
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Reconstruction and Basic Selection

2 . .
‘ drec = mass squared of the neutrino pair
U

U
y ITA

/%’ 1. Perform basic reconstruction (tracks and clusters)
, 2. Reconstruct signal kaon requiring kaonID

Rest Of the 3. Identify (ROE)

Event (ROE)

5 S M2 \/_E>I<
Qrec = A4 +
HTA U dc
HTA
e-r"/ 1. Perform basic reconstruction (tracks and clusters)
Biag 2. Reconstruct hadronic tag
Bt

P 3. Reconstruct signal kaon requiring kaonlD
D~
T~

» 0

ag
\
\ \4
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Reconstruction and Basic Selection

‘ drc = mass squared of the neutrino pair

ITA
ITA

ot T @)+ /% 1. Perform basic reconstruction (tracks and clusters)
2. Reconstruct signal kaon requiring kaonlID
Rest Of the 3. Identify (ROE)
Event (ROE)
) , \/_E>I<

2 "
Qrec_ 4C4 +M

HTA
oT T8+ 1. Perform basic reconstruction (tracks and clusters)
/ Biag 2. Reconstruct
B ~ /' - 3. Reconstruct signal kaon requiring kaonlD
e
N Event cleaning: multiplicity
\ direction of missing momentum
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Discriminating variables

qq B( - Kui)B BB
Seven major backgrounds categories: o
BYBY _ S AT \%
.\ BB backgrounds % %
™ B'B - 4
- CcC ;Belle IT preliminéary [ Ldt=3.62{b"
B ss . ‘ : E g?;—
i gg contfinuum oo - =
< 0.04 - © [ BY*—=K*tui
7__|_7__ E : ¢ Data
B, I ///. Sim. stat. unc,
>
= 0.02 |-
ITA discriminating variables: signal kinematics, two/three-

track vertices, general event topology (e.g sphericity) T

2 U//
HTA discriminating variables: signal kinematics, B, ,, other | 0_' T //

tag!
track and cluster information 0.0 0.2 0.4 0. 6
Spherlclty

Slavomira Stefkova, slavomira.stetkova@kit.edu 28 KIT KCETA Colloquium &(II

Data
Sim



mailto:slavomira.stefkova@kit.edu

Background suppression

. . . . . o o K000 _— Belle II preliminary =3 BB
1. Feed well-modelled discriminant variables in boosted decision | Simuaiion = 5
tree (BDT) based classifiers: | = .
6000 ITASR ==
O ITA two consecutive BDTs: L

Candidates
=
S

O first level filter BDT, with 12 input variables

O key discrimination achieved by 35 inputs ted to BDT,
(3 x higher sensitivity wrt BDT)) 0 v v — =

O HTA uses a single BDTh with 12 input variables n(BDT?)
. . . . . 100 F Belle II preliminary —— BB
2. transform BDTh and BDT, to a uniform distribution equivalent simulation —
S0 I B i, dd, s5

to eﬁiciency (7’]) HTA SR =2 B =K'wx10

3. choose signal region (SR) = region with highest sensitivity
O ITA BDT, > 0.9, »(BDT,) > 0.92
© HTA n(BDTh) > 0.4

Candidates

0.4 0.9 0.6 0.7 0.8 0.9 1.0
n(BDTh)
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Background suppression

N 00
K000 F Belle II preliminary N B +B B
L Simulation 1 B™B

T cc

B ss
ITASR

I dd
1 777
1 B"—=K Tvwx50

Candidates
=
S

SR metrics:
O ITA signal efticiency = 8%; purity = 0.9% o
O HTA signal efticiency = 0.4%; purity = 3.5% 0 - - = -
O ITA background composition n(BDT)
O 40% qg backgrounds | Belle I preliminary — o5
O 60% BB backgrounds S0F - dd, 55
i HTA SR T3 B*=K wx10

Candidates

0.4 0.9 0.6 0.7 0.8 0.9 1.0
n(BDTh)
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Signal Extraction Strategy

Perform binned maximum likelihood fit to extract
parameter of interest signal strength p

O ITA

O fitting variables: classitier output n(BDT,) and
mass squared of the neutrino pair g2,

O simultaneous fit to on-resonance and
off-resonance data to better constrain gg

o HTA
O fitting variables: classitier output 7(BDTh)

O fit to on-resonance data only

Systematic uncertainties incorporated in the fit as
nuisance parameters

Slavomira Stefkova, slavomira.stetkova@kit.edu 31

BBt - K vb)

with B¢, = 4.97 x 107°

H = -
%SM(B+ —> K+I/V)
n(BDTs)
0.92 0.94 0.96 0.98 1.0
4000 : — .
: Belle II preliminary 3 BB’ - — m}
Simulation 3 B'B  dd
i : T cc 1 1
3000 |- : . ss 1 B" =K "vix50
0P - . .
O
i)
=
= 2000
-
av
@,
1000

0
1 4 8 251 4 8 251 4 8 251 4 8 25

gz [GeV?/c]
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Validation shown for [TA,
put applicable to HTA
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Signal Efficiency

Signal efficiency checked with signal embedding procedure using BT — K*J/w( — u*pu~) events:

1. Use BT - K" J/w( — u*u~) events Figure 7 arxiv: 2311.14647
2. Remove muons from J/W 6000 2 Belle II preliminary [ £dt = 362 fo~!
3. Replace K™ kinematics by K™ kinematics e %
. . 5000 = N\
from simulated BT - K*vi signal . 4 Tcdf 1000 -
| | & .S N —
4. Apply to data and simulation = 400071 = ;E N\
5. Compare selection efficiency —g 2000 K~ = %0 - o N\
. . C@ . . .
(except for PID efficiency) SHN / BDT, (BDT, > 0.9) \
/ Z1B" — Kt J/vy simulation ¢ Bt — K .J/vy data \
1000 / BT — KT J/ simulation ¢ BT — KT /¢ data \
BT — K*v v simulation
0
0.0 0.2 0.4 0.6 0.8 1.0

BDT

Data/MC efficiency ratio: 1.00 + 0.03 — good agreement Q
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BB Backgrounds

In SR, roughly 60% of expected background events in signal region come from BB events

Production and decays of B mesons via PYTHIA and EVTGEN

Composition: BB~ decays
O 47%: Semileptonic B - DY( — KX)lv decays | e
O 38%: Hadronic B = DK™ decays P /
O 14%: Hadronic decays involving Kg B;iii\ /B+_>Dou+vu(v)

o/ . + + k.5 B+—>D*(2007)0K\
© 1%: B™ — 77v, B —- K*vv decays -

Bt - DOt
\

Bt - DOK+KO —_

Bt -D%(770)* —
\ i
B+ - D%*vq(y)

Belle II preliminary
simulation

others
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Semileptonic B - D)( — KX)lv decays

Semileptonic B-meson decays generally well-modelled in
EVTGEN:
O Check invariant mass of the signal kaon track and any

other track in ROE
O Resonances well reproduced in simulation Q

Modes with D** |ess well known:
O Dedicated enlarged systematic uncertainties on

branching fractions for B — D**[y

O Impact of uncertainties of form factors found to be
negligible

Slavomira Stefkova, slavomira.stetkova@kit.edu 35

DY > Ktn™
Figure 9 arxiv: 2311.14647 /
x10° ’
RS 20 5 1 Belle II preliminary u: Simulation
; I [Ldt =362 fb! ¢ Data
> - /77, Sim. stat. unc.
U 1.5 -
&N i
2 ITA
= 1ok
= | atter BDT),
D ' .
= l selection
< 0.5F
d= _
-
T
@,

Data
Sim
—_ =
S o
;\W
_ §"

I 1.5 I I2.O I 2.5
M(K*+X~) [GeV/c?]
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Hadronic decays involving K7

BT — K+K£K£ decays with branching fraction of ©(107™>) are very

signal-like as Kg can mimic missing neutrino:
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Hadronic decays involving K7

Figure 5 arxiv: 2311.1464/

BT —» K+K£K£ decays with branching fraction of O(107>) are very T Belle 1 preliminars ¢ Data
. : 0 . . : gs [ JLdt=3626b7 ¢ Simulation
signal-like as K;' can mimic missing neutrino: o
0 - = - 0 k0 = ST TR
1. Study of the K; detection efficiency with e"e™ = ¢( — K, K;)y S oaf e °
— correct for 17% inefficiency in data wrt simulation 02} ete™ — (= K'KO)y
OO I I T | T T S TR I S S R

2.0 2.5 3.0 3.9 4.0
K? energy [GeV]
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Hadronic decays involving K7

Figure 5 arxiv: 2311.1464/

BT —> K+K£K£ decays with branching fraction of ©(107) are very O et e b Data
. : 0 . . : gs [ JLdt=3626b7 ¢ Simulation
signal-like as K;' can mimic missing neutrino: o
0 - - - _ 010 A T T
1. Study of the K; detection efficiency with e"e™ = ¢( — K, K;)y S oaf
— correct for 17% inefficiency in data wrt simulation 02} ete™ — (= K'KO)y
OO TR A T TN RN SN ENN SR T TR T [ T SR ST T N T T S
2. Model the distribution of BY — K*K?K? according to . KE'Znergy?’[geV] e
BaBar [PhysRevD.85.112010]: Figure 13 arxiv: 2311.14647
O use Bt — K*K{K to check modelling of BY - KTK}K; N
i [ L£dt=3621b" { Data
40 | /77, Sim. stat. unc,

9

sPlot weights/(1 GeV?/c?)

Pull
-}
|

1.0 1.5 2.0 2.5 3.0 3.5 4.0
M(KJKJ) [GeV/c?]
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Hadronic decays involving K7

BT — K+K£K£ decays with branching fraction of ©(107) are very

sianal-like as K¥ can mimic missina neutrino:
L

1. Study of the K; detection efficiency with ete™ = ¢( — KK}y

— correct for 17% inefficiency in data wrt simulation

K7 efficiency

2. Model the distribution of BY — K*K?K? according to
BaBar [PhysRevD.85.112010]:

O use BT - KTKVK to check modelling of Bt — K*K;K}

9

Similar treatment for another rare hadronic signal-like backgrounds
Bt - KTKJK;, Bt — K™nn
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Figure 5 arxiv: 2311.1464/
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Hadronic B - DK decays

4
1.0 _><1()

I B with D—KYX

B B without D—KP X

Bl Continuum
¢ Data

Belle II preliminary
[ £dt=362fb!

=
00
1 1 I 1 1

Modelling checked on pion-enriched control sample BT — z7X:

™~
< ~
O o
SIS
i s
+ + . . . o O : 2 0.6 I ///7 Sim. stat. unc.
O B™ — sx" X distribution already corrected for 17% K; o =
: : . | S oo04f
detection inefficiency ElE-
= § 0.2
— 0.0
O 1.5 p
5 % g 1.0 ;.;H,;q_,.:,._;_ b .. .’...._'.,.,q:ﬁ,:,«,&-/-/;«-/)//;-ﬁ/;/;é’%
@) Al i g
Ll: 0.5 : s

0 5 10 15
qi. [GeV?/c]
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Hadronic B - DK decays

Q 1.0 x 104
O gh; Belle II preliminary = W?th D—>K19X0
. . . + + < N\ 0.8 F fﬁdt=362fb‘1 [ BW11?hout D—KPX
Modelling checked on pion-enriched control sample B™ - 7 X: | = | = o
: g 0.6 _ /772 Sim. stat. unc.
O BT — x™X distribution already corrected for 17% Kg o =
0 - o
. . . S04t Before 30%
detection inefficiency 2 8 y
< g, scaling
© § |
O
— 0.0
Perform three-component fit to q,,zecz I i
. . 5 g.g 1.0 ;..;,.,.,:,_,.:-4_ S e e ® .’...._'.,.,q:ﬁ,:,«,&-/-/;«-/)//;vé/;/f}’/ / ,
O 30% increase of B with D — KBX component pretferred 2 S %
0 5 10 15
Grec [GEV?/C?]
N x10%
< 107 - :
g ﬂ{ I Belle II preliminary = i:i:};oﬁ: ;_L)f(g De
F. N> 0.8 :_ fﬁdt:362fb_1 B Continuum
: g 0.6 :— 7/+// gi?:fstat. unc.
g = | 0
S & ooaf After 30%
2 j; | scaling
E % 0.2
@,
2 0.0
O 1.5
5 E £ 10 ?’*'--.~——-—-4-—~--'-~*----~—2~=H*+wwv’+/%//r%
LL 0 5 10 15

Grec [GEVZ/cH]
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Hadronic B - DK decays

N 1.0 ><1O4
~ T I I B with DK X
g { 08 i Belle II preliminary B B without D—KPX
. . . N Nellm Ldt =3621fb! .
Modelling checked on pion-enriched control sample BY - z*X: - % | ' = o
: 2 0.6 B 7///7 Sim. stat. unc.
O B* — a7 X distribution already corrected for 17% Kg o =
d . offi S 2 o4 Before 30%
etection inetriciency EREI scaling
=
oS
: o) = 0.0
Perform three-component tit to g, o 15 Iy
. . 5 %g 1.0 ;,;,.,.,:,_,_:,._._ o o o ° .’..,_'_,.,q,'.ﬁ,:,.,«&..«.,«u/)ﬂ;-ﬁ/;/fj{’/ / ,
O 30% increase of B with D — KBX component pretferred 2 S %
0 5 10 15
Gree [GeV?/c?]
. . . N x 104
Validated using other sidebands: Bt — ¢*X, BT - u*X < 107 —
g E [ Belle I preliminary B withont D_L> Ko
F. N> 0.8 :_ fﬁdt:362fb_1 B Continuum
: g 0.6 _ 7/+// gi?:fstat. unc.
o™ = I
O After 30%
2 2| lin
<% 0 scaling
a¥]
o~
” 1.5 ¢
5 52 U% 1.0 ihe..,,.,_h:-_.___..__.__._.._...._..,.mzﬁ,:ﬂsﬁ.m-ﬂ,’#,’c//(/},////?
Ll 0 5 10 15

e [GeVZ2/c]
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Hadronic B - DK decays

™
ﬁ- 4
< 150 &40
— Belle II preliminary I B with D—K)X
Modelling checked on pion-enriched control sample BT — z7X:  — ="/~ ™" == oo
. . . o %1.00 ¢ Data
O B* — x7X distribution already corrected for 17% Kg N g W,Zi? st oo
. . . - ter o
detection inefficiency X% 00 '
G 8 caling
— 0.25
- 2 . o
Perform three-component fit to g,..: S
O 30% increase of B with D — KYX component preferred c & | | | |
L 0.92 0.94 0.96 0.98 1.00
T}(BDTQ)
. . . N x 104
Validated using other sidebands: BT — ¢ X, BT - u™X S —
g ﬂ{ I Belle II preliminary B B without D_L> KOX
F. N> 0.8 5 fﬁdt:362fb_1 B Continuum
<D i ¢ Data
— U _ ///7 Sim. stat. unc.
Check that n(BDT,) has good data/MC agreement o 2 s
Ng gl After 30%
2 3 | lin
<=0 SCaling
av)
o~
" 1.5 ¢
5 E £ 10 ?’*'--.~——-—-4-—~--'-~*----~—=~=H*+wwv’+/%//r/7$/////?
Ll 0 5 10 15

e [GeVZ2/c]
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gq Backgrounds

! elle reliminar =
o R ’ llf?drt):l42.3fb‘}1f —
S 4000 F —
=3 i
&cg 3000 - //+// ];ij:jstat. unc.
_ < i
In SR, roughly 40% of expected background events come from gg = o000k ot
= [, etore
= 1000} corrections
KKMC generator used to generate gq pairs, PYTHIA simulate 0
. . . 1.2 1 7
hadronization, and EVTGEN used for decay modelling e ol #+J/ 7
S&B : . .o.o.f’”}*“ ‘// /
ogb—— 1+ % e el 2L,
0.0 0.2 0.4 0.6 0.8 1.0
Compare off-resonance data and continuum MC to check gg Fox-Wolfram Ry
background modeling: . —
O Discrepancy in data/MC normalization (data 40% larger) = JEATIIDT -
= 000% —
— propagated as systematic uncertainty 2 000} S
v}
: : : : : <
O Discrepancy in shape — fixed by data-driven event weight s 20 After
. O .
corrections [J. Phys.: Conf. Ser. 368 012028] 1o corrections
N
1.2 : ' %
f'?c: § 1.0 k ,-tb-ﬁ.o_.tﬁ_;_.._._...‘.’.; = -/#/4),/%/ /
A 0,8%} DA T %// W
0.0 0.2 0.4 0.6 0.8 1.0

Fox-Wolfram R»s
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Closure test: (Bt —» 1KY

Measurement of a branching fraction for a known rare decay mode B* — 7t KY with ITA strateqy,
but with:

O
O

Pion|D instead of

Different g2, bin

<aon|D requirement

ooundaries

O Only on-resonance data used for fit

Measured B(BT — z7K") = (2.5+0.5) x 10~
consistent with PDG value of (2.3 £0.08) x 107>

9

Slavomira Stefkova, slavomira.stetkova@kit.edu
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Figure 22 arxiv: 2311.14647
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Results: ITA

n(BDT»)
0.92 0.94 0.96 0.98 1.0
Belle 11 preli:minary :

o [Ldt=(362+42)fb"! WM Bt —K*tup
= 5 é = B'B’
= 2009 - Im BB
& B Continuum
C% ¢ Data
O 1000 ; : 5

0 5 i

5 : :
= 0 S A S S L e
A 5 5 :

5) I I I l | ! | | 1 | |

1 4 8 251 4 8 251 4 8 251 4 8 25
Grec [GEV? /]
On-resonance data
Figure 15 arxiv: 2311.14647
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corresponaing 6
BBt - Ktup) = 2.8 +0.5(stat) = 0.5(syst) X 107>

Data-model p-value: 47%

3.6 0 compatibility wrt background-only hypothesis
3.0 0 compatibility wrt to the SM
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Results: ITA

0.92 0.94 0.96 0.98 1.0
3000 ntemte :
[ Belle II preliminary :
” [Ldt=(362+42)fb! I B —K ™"
g : ] BOEO
& 2000 — 5
— B Continuum
% ¢ Data
O 1000 g
0
5 :
= R ) SOUSNSR SNS S S .
aw :
5L | | ! | | ! | | ! | |

1 4 8 251 4 8 251 4 8 251 4 8 25
Grec [GEV? /]
On-resonance data
Figure 15 arxiv: 2311.14647
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corresponaing 6
RB(BT — KTvi) = 2.8 = 0.5(stat) + 0.5(syst) X 107>

Data-model p-value: 47%

3.6 0 compatibility wrt background-only hypothesis
3.0 0 compatibility wrt to the SM

L eading systematic uncertainties:
O background normalisation
O limited size of simulation sample for the fit model

O knowledge of BT — K+K£K£ decay rate and modelling
of B — D**[v decays
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Results: HTA

Figure 19 arxiv: 2311.14647

125 1
: * Belle II preliminary ; g%_)K v
— 100 :_ f[:dt:362fb_1 ——
= B i, dd, 55 BBt - Ktvp) = [1.1792(stat) VS(syst)] x 107>
5 75k b Data 0.8 —0.5
5 [ ;
S S0f Data-model p-value: 61%
av
< 2 * - |
1.1 0 compatibility wrt background-only hypothesis
0 0.6 0 compatibility wrt to the SM
5
= ol . . o
-V Leading systematic uncertainties:
B | | | | | . .
04 05 06 07 08 09 1.0 O background normalisation

n(BDTh) O limited size of simulation sample for the fit model
O mismodelling of extra-photon multiplicity correction

On-resonance data
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Combination

Compatibility between ITA and HTA results at 1.2 o:

O Events from the HTA signal region represent only 2% of the signal region ITA
Perform combination at likelihood level:

O Correlations among common systematic uncertainties included

O Common data events excluded from ITA sample

15.0
. L SM
. [ Cdte (300 5 42) 0 — HTA p = 4.6 £ 1.0(stat) = 0.9(syst)
— ITA
£ 10.0 — Combiation B(B* — K*wv) = [2.3 £0.5(stat) )2 (syst)] X 107
& .
T~ i
% rol Combination improves the ITA-only precision by 10%
= 5.0 i 3.5 o significance wrt background-only hypothesis
| f 2.l o significance wrt SM
2.5 |
00 ~ _ . ‘ — — first evidence of the BT — K™ v process
0 2 4 6 8

U
Slavomira Stefkova, slavomira.stefkova@kit.edu 49 KIT KCETA Colloquium A“(IT



mailto:slavomira.stefkova@kit.edu

B™ — K™vv : global picture

Privately produced comparison!

0.4%80‘10\347 ﬁﬁmge Figure 16 arxiv: 2311.14647
|

— — Belle IT (362 fb!, combined) ITA result has some tension with previous

2.3+0.7 This analysis, preliminary

semileptonic tag measurements:
Belle II (362 fb!, hadronic) P 9

1.1+1.1 This analysis, preliminary O a 2.3 O tenSIOn Witq Ba Bar
Belle II (362 fb!, inclusive . :
2.7+0.7 Thig analysis, preliminary ) O d 1 . 8 O teﬂ SION Wlt N Bel |e

Belle 1T (63 fb!, inclusive)

1.9+ 1.5 PRL127, 181802

Belle (711 b, semileptonic)(*)

e T o HTA result in agreement with all the
e Belle (711 fb'!, hadronic)(*) .
20416 PRDST, 111103 previous measurements

0.24+0.8 PRD8&2, 112002

!
!
| BaBar (418 fb!, semileptonic)
!
!

——————— BaBar (429 fb!, hadronic)

1.541.3 PRDS7, 112005 - Overall Compatibility is gOOd: )(2/ndf= 5.6/5

0 2 4 6 3 10
10° x Br(BT™—K " vp)

(*) Belle reports upper limits only; branching tractions are estimated using published number of events and efficiency
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Future Prospects

Prospects for Bt — K vw:

O Analyse bigger datasets Limit Angular

O Improve inclusive and hadronic analysis methoa Observables

O Employ semileptonic tag reconstruction

Prospects for B —» K vi:

O Measure other decay channels
O BY" - K™wi: K+ — K, Kt - Kozt
0 B 5 KV : KV - K2’ K - K*n~

o0 B’ - KVup
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Other Avenues with Invisibles

B — #/pvv
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Conclusion

In summary:

O A search for the rare decay BT — K vi was performed with first 362 fb-1

O The analysis strategy exploited an innovative technique with high sensitivity which allowed to obtain

a good precision with a limited dataset

O Furthermore a B-factory conventional approach was used as support analysis

O The combination of the two analyses results in the

First evidence for the BT — K™vv decay,
with
BBt —> K*vp) = [2.3 + 0.5(stat) T2 (syst)] x 107>
constituting
Only 2.76 consistency with SM
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Backup
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Flavour Anomalies

b — svv

b — svv transitions are correlated to flavour anomalies
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Flavour Anomalies

Anomalies observed in exclusive b — sy pu~

LHCb Run 1 + 2016 -
' |SM from DHMV :

Transition  p — sutp~
Observable P R

Significance Above 2.5 o

b — svv transitions are correlated to flavour anomalies
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Flavour Anomalies

Anomalies observed in exclusive » — sy~ and b — clv transitions

LHCb Run 1 + 2016 -
| SM from DHMV .

Transition  p — sutp~ b—cly

() —
Observable P. B R(D") =

Significance

AB(B — D)
BB — DDl) (I =e,p)
Above 2.5 o Around 3.00

b — svv transitions are correlated to flavour anomalies
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Flavour Anomalies

Anomalies observed in exclusive » — sy 1~ and b — clv transitions

2.0—— I L L
[PRL 125 (2020) 011802 [Gevc _ ' .
merarooe] | 2| [JHEP08(2021) 050] - Y e
|| SM from DHMV . A\‘ 1.8 -] s l
[ Consistent with R(D) j 5f TN
; L6 and b — su"u~ anomalies ] = | :
:\g 14 '__ o — OI.2 - .PRDIIOS((Z?Z%&S:‘SOSI . - 0!5 ——
‘\:ﬁ L
.. . _
Transition  p — gu? 1T 5L - .
S BB — D"'1v)
Observable ;9 2B = DO (0
. . — —
Signiticance T VT Y ( D=
g Above ° 1.0 1.2 1.4 1.6 1.8 20 und 3.0 G

b — sVU transitions are correlated to Tlavour anomalies
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Two complimentary research paths

Indirect = SM precision measurements

— v
v
., @ ,,
vl W
b —» [ > S b —» = b S
U,C,t U,C,t

Heisenberg's uncertainty principle:

h
AEAL > —
2

Mass of the particle can be very high
(~ TeV)
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Two complimentary research paths

Direct = dedicated searches for NP

Mass of the new particle limited by collision energy

Slavomira Stefkova, slavomira.stetkova@kit.edu 60

Indirect = SM precision measurements

— v
14
., @ ,,
A W
b —» > > S b —» (= = S
U,C,t U,C,t

Heisenberg's uncertainty principle:

h
AEAL > —
2

Mass of the particle can be very high (~
TeV)
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Belle Il Performance

Good flavour tagger performance P PR cLr e ,
gger p Good particle identification Most precise measurement of
EPJC 82, 283 (2022) [BELLE2 NOTE PL 2020 024] D lifeti
47} BelleSVD2 (f£dt = 571 fb~) 4 + 1 ITetimes
121 ¢ Bellell (f£dt = 62.8 ") [FBDT] i Q """"""" - o e b
10 -  Bellell (f[£dt = 62.8 fb~") [DNN] + @ : é%f%%% PRL 1 27, 21 1 801 (2021)_
9 08_ ................. .......... : | YV 5 ; 5
:_ Ou v = (30.0 + 1.3) % 2, g EIB 22:2:223 Eﬁfé‘;”
. Flavour tagging ef'ficiency* £ OB Bé‘llé"II"pre"I'im'i'h'ary """" 10% } Belle I1
> L _ -1
2- comparable to Belle S r JLdt 2,08 fb_ 3 JLd’ =T721b
. £ T S s S S 10
01 29+ A.* . . . . . I : Y 7 mis-ID rate (data) R Data
0.()00/ '“)00100/ 2660‘250/ 6000500/062%6‘2,5/ 7500750/08750876 X'OOO s 02__ ................ V ....... nmlsIDrate(MC) .................. .................. .................. 10“ + )
r interval 0 — Fit
High photon matching efficienc o
ghp 9 y S I S By NN Factor 2 improvement

[BELLE2-NOTE-PL-2021-008] Momentum [GeV/c] 1

2in proper time resolution wrt Belle

E 1-0_‘ **“++¢’9999900000000000000000000000099'71 [BELLE2'NOTE'PL'2022'0031
— - aebd? _ 10°
:; 0c _Q’ barrel region only 2 1.6 [-Belle Il (Preliminary) I a-iigl - *
S 5L o i . ete”—»ee
; | ¢ data Iz'elle | Preliminary 2 1,4;_2:;:;0 fb i z;i—n_:sjﬁ-l;ymis-lDXB 102 ‘
S oo 7" resolution comparable to L P f s <0< 222100 e et "
3 T 1.0 R i
1.025 Belle S 08fF == b ST &
=l o l b e bobotibel ptbdretesd 4 g06:- » . 1 ' * o i
551.000:%1”””“*” pprelatetitel prttresentyy ” 2 7% Muon ID superior wrt Belle | ) m| Tl
I 303) 0.4 F . .
0.975 | o [ -2 0 2 4 6 8 10 12
S B Decay time [ps]
Precoil [GeV/c] p [GeV/c]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Reconstruction Techniques

Efficiency
e~01-1% e~1-3% e~1—-—100%
Exclusive hadronic (HAD) Exclusive semileptonic Inclusive (I TA)

Purity, Resolution

Different reconstruction techniques lead to nearly orthogonal data samples

Slavomira Stetkova, slavomira.stetkova@kit.edu 62 “ KIT KCETA Colloquium ﬂ(IT



mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2110.00790

Selection Efficiency as a fn. ¢°

- | 0.6

: [ Statistical uncertainty - [  Statistical uncertainty
= : Belle 11 pr.ehmlne.}ry B - ) Belle II preliminary
s - : simulation - - simulation
Qg) : QZf 0.4 )
O 10 L . [ .
ks 10T ITA -% 03t HTA
S : g | '
= | = 02} -
P _ 2 0.1 -

0 _ | | | | | | | ] E— I | 1 0.0 : | | | | | | | | | E—
O 2 4 o6 & 10 12 14 16 18 20 22 24 O 2 4 o6 & 10 12 14 16 18 20 22 24
q* |GeV? /et q* [GeV?/c!

HTA much lower efficiency w.r.t. ITA analysis, but a smaller variation in ¢*

y,
arxiv: 2311.14647

N 7
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Selection efficiency

Selection stage

e inclusive tag analysis

¢ hadronic tag analysis (xlO_Q)

Hadronic FEI skim

2.482 £ 0.002

Object selection (acceptance) 0.89 -
Signal candidate selection 0.55 -
First signal candidate selection 0.53 -
Basic event selection 0.41 0.6598 4 0.0011
BDT, filter 0.34 .
Signal search region 0.08 0.3996 + 0.0009
Highest purity signal search region 0.02 -
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O Default signal model — P

O At low g? maximum signa

g2 distribution

efficiency of 13%

O No sensitivity for g* > 16 GeV?/c?

4000 ————————— — 15.0
i Phase space 195
3000 k SM form factor ] X '
U) = i
& : > 10.0
.FI:: - g
= 2000 1 8 75
[1] 000 ‘Belle 11 S 5.0
e ° — G i
251mulat10n M 5]
o—_ 0.0
0 5 10 15 20

q° [GeV?/c*]

Slavomira Stefkova, slavomira.stetkova@kit.edu

HSP model with SM form factor reweighting [arXiv:1409.4557]

Belle IT Simulation

'_._H

10 12 14 16 18 20 22 24
[GeVz/c4]

x10~°

[PRL 127, 181802 (2021)]

- —— SM vector
| ---- NP vector
--=-= NP scalar

d
- Q.
.-— S\
e
o~

S
______

4 —— SM vector

| --== NP vector

—

| ---= NP scalar

b
I A A A | A " A 1 Ly 1 . ., 4 | " 1 A A ] A i A i L 4 4 .1 ., . 4

0.0 2. 5. 7.5 10.0 125 15.0 17.5
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F, Polarisation Fraction

~ 1.0 2107
§ 08 _ —— SM vector
Observables Belle 0.71ab L (0.12ab-1) Belle Il 5ab-1 Belle I 50 ab 3 L sl
Br(Bt — K*tvp) < 450% 30% 11% Y
Br(B® — K*0up) < 180% 26% 9.6% e
Br(B+ — K*tui) < 420% 25% 9.3% i e
FL (BO - K*Oyﬂ) o o 0079 T Lzl [P RPN RPN SR BT A Y
Fr(B* — K*tvi) - : 0.077 POR e
Br(B° — vir) x 106 <14 < 5.0 =15 08y
Br(B; — vv) x 10° <9.7 <11 - S o6y
YW 0.4} —— SM vector
02 77 \p cslor
06 25 5o 75 100 125 150 175
q°(GeV?)

O Angle between B and K from K* decays
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Uncertainty on the Signal Strength p

Belle Il Snowmass paper : 2 scenarios baseline (improved*)  *The "improved" scenario assumes a 50% increase in

36 (56) for SM Bt — Kt decays with signal efficiency for the same background level

B(B* >K*vD) == e
B(BO—>KSDD)!——§_ : —— —
BB — K+ D)) e | rm— _
B(BoﬁK*ovg)——i— R _—, T Limit Angular
= 50 ab™" = 50 ab™" L1 Observables
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
An An (improved) / =

95
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Validation: K, efficiency

_ }/ 1.0
€ KO | Belle II preliminary + Data
L. .Y 0.8 JLdi=s6zn $  Simulation
L°
o’ :
’
0.6 — , 0

( R 4

K? efficiency

QN
A
S
+

S

ete™ = (= K" KOy

2.0 2.9 3.0 3.9 4.0
K} energy [GeV]

=
-

Check K£ reconstruction efficiency with ete™ — ¢( — Ki’KSO)y:
O Look for a photon with E* > 4.7 GeV , a K{ and no extra tracks

O Extrapolate K, trajectory to the calorimeter
O Calculate efficiency from checking energy deposit distance-matched to the Kg trajectory
— Efficiency in data lower than MC of 17%

Use difference (17%) as a correction and an uncertainty of 50% assigned to it as systematics

Slavomira Stefkova, slavomira.stetkova@kit.edu 68 KIT KCETA Colloquium ﬂ(IT



mailto:slavomira.stefkova@kit.edu

O Charged particle deposits away from trajectory

Validation: Neutral Energy

Calorimeter clusters are reconstructed as photon candidates and include:
O Real photons
O Deposits from beam-backgrounds

O Neutral hadrons, e.g: Kg

1200

p—t
-
-
-

Qo
-
-

Candidates/(250 MeV)
= @)
= 3

Data
Corr. sim.

200 |

1.5

B Corrected BT —K T J/v simulation

1 Uncorrected B —K * .J/1 simulation
¢ Data

Belle II preliminary
[ Ldt=3621b!

T
0.5 b

Slavomira Stefkova, slavomira.stetkova@kit.edu

The energy of other hadronic clusters is biased:
O Summed neutral energy in BT — K™ J/w( — u u™)
events in data and MC in agreement after 10% shift
O Validated also with continuum simulation and
off-resonance data

Use 10 % as correction for energy of hadronic clusters
and a systematic uncertainty of 100% on the correction

Karlsruhe Institute of Technology
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Validation: Particle Identification

Track with at least one pixel hit and PID to identify as kaon

© ¢(KaonlD) ~ 68 % BT — K"vib signal region

O Mis-IDrate (m = K) ~ 1.2 %

70
60 - Belle IT pre_liminar_;lf — Total i
PID Data/MC correction factors: ek | — B'=D'r”
O Obtained from D™ = z7D% — K~z™") calibration channels & 50; T ﬁ;;DOK+
O Associated errors are propagated as systematic i; 4O§
uncertainties § 305 ?
20 |
Validation with BT — ﬁ( — KTn7)h™ samples, where ° |
h=(K,nm): 0.100 —0.075 —0.050 —0.025 0.000 0025 0.050
O Remove DY daughters to mimic signal topology AE [GeV]
O Apply Bt — K*tup selection Data consistent with MC within 9%: 1.03 £+ 0.09
O Fit AE to obtain yields and calculate fake rate — No further corrections applied
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Statistical Model

BT — K™vp in SR: pre-fit distributions
for on-resonance data
#(BDTs)
0.92 0.94 0.96 0.98 1.0
4000 . : :
- Belle II preliminary [ 77 I ss
i simulation — B°R i
2000 | = - B_+B— m dd
0 - : B cc [__1 Signal [x50]
g - :
= _
i
ds 2000
=
<
@
1000
L

1 4 8 251 4 8 25F1 4 8 2541 4 8 25

gz [GeV?Z/ct]

Slavomira Stefkova, slavomira.stetkova@kit.edu

In total 24 signal region bins:
O 12 bins for on-resonance: 4 bins of (BDT,) and 3 bins of g2,
O 12 bins for off-resonance: 4 bins of u(BDT,) and 3 bins of

2
Drec

Statistical model based on binned likelihood for signal and 7
background categories:
O Poisson uncertainties for data counts

O Systematic and MC statistical uncertainties included in the fit
as nuisance parameters

The resulting likelihood has
O 192 nuisance parameters

O one parameter of interest: signal strength p = B/%AB¢,,,

where B¢, = 4.97 x 107°, (B = ©( — KV)v removed,
treated as background)
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Statistical Model

Statistical model based on binned likelihood for signal

and 3 background categories: BB, cc,q§ (¢ = u,d, s)

O Signal region bins: 6 bins in u(BDTh)

O One-dimensional binned fit in u(BDTh) for the on-
resonance data

The resulting likelihood has
O 45 nuisance parameters

O one parameter of interest: signal strength y = AB/%AB¢,,,
where B, = 4.97 x 10~°

[B — 7( —» Kv)v removed, treated as background]
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Candidates
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Belle II preliminary [ £dt =362 b~
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Source Uncertainty Impact on o,
size

Normalization of BB background 50% 0.88
Normalization of continuum background 50% 0.10
Leading B-decays branching fractions O(1%) 0.22
Branching fraction for BT - KT K} K} 20% 0.49
p-wave component for BT — KTK{ K, 30% 0.02
Branching fraction for B — D*) 50% 0.42
Branching fraction for BT — nnK " 100% 0.20
Branching fraction for D — K1 X 10% 0.14
Continuum background modeling, BDT. 100% of correction 0.01
Integrated luminosity 1% < 0.01
Number of BB 1.5% 0.02
Off-resonance sample normalization 5% 0.05
Track finding efficiency 0.3% 0.20
Signal kaon PID O(1%) 0.07
Photon energy scale 0.5% 0.08
Hadronic energy scale 10% 0.36
K} efficiency in ECL 8% 0.21
Signal SM form factors O(1%) 0.02
Global signal efficiency 3% 0.03
MC statistics O(1%) 0.52

Slavomira Stefkova, slavomira.stetkova@kit.edu
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Systematic Uncertainties

statistical uncertainty

on u=1.1
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Source Uncertainty size Impact on o,
Normalization BB background 30% 0.91
Normalization continuum background 50% 0.58
Leading B-decays branching fractions O(1%) 0.10
Branching fraction for BT — KT K} K} 20% 0.20
Branching fraction for B — D**) 50% < 0.01
Branching fraction for BT — K1 nn 100% 0.05
Branching fraction for D — K1 X 10% 0.03
Continuum background modeling, BDT. 100% of correction 0.29
Number of BB 1.5% 0.07
Track finding efficiency 0.3% 0.01
Signal kaon PID O(1%) < 0.01
Extra photon multiplicity O(20%) 0.61
K7} efficiency 17% 0.31
Signal SM form factors O(1%) 0.06
Signal efficiency 16% 0.42
Simulated sample size O(1%) 0.60
Slavomira Stefkova, slavomira.stetkova@kit.edu 74
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Systematic Uncertainties

statistical uncertainty

onu =23
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Basic Reconstruction and Selection

+
Reconstruct the B,,, in one of the 35 hadronic final states with the full- \K_
event interpretation algorithm [arXiv:2008.06096]

Requirements a good B,,;: T —
O Cut on quality of B, reconstruction
. . oo o w7
Same kaon selection and identification as ITA ~8~
FEI

Event requirements:

O B. and K opposite charge

a8 PP J Rest of the event:
O Ntmcks S 12
O Nyyuexs(in drift chamber not associated to B,,, or K) = 0 O Remaining tracks

O ECL deposits (E > 60/150 MeV)

not associated to kaon or B

o n(Ky), n(z"), n(A) = 0

tag
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Main Discriminating Variables

Neutral E;77* : calorimeter deposits not associated

with tracks, with the B

energies > 60-150 MeV (depending on the polar
angle)

nor the signal kaon and with E ...+ D sum of the missing energy and

la ..
s absolute missing three-momentum vector

Belle II preliminary [ £dt =362fb~"

Belle II preliminary [ £dt =362fb~"

10_1 a O].O __ BE
0.08 |

0.06 |

Event density

0.04 |

Event density

0.02 |

0.00 L

00 05 10 15 20 25 3.0 T TR NN R Y
Neutral Eg* [GeV] 0 2 1 6 8 10
Emiss + CPimiss [GGV]

These, together with other variables are combined in a boosted decision tree classifier: BDTh
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Candidates

Pull

ITA Results: Post-fit Distributions

Post-fit distributions for signal and background

On-resonance data

u(BDTy)
92 0.94 0.96 0.98 1.0
J : :
- Belle Il preliminary pmm BT —-K tuvi
' > [ Ldt=(362+42) fb~! 070
: ' I BB
B Continuum
¢ Data

e W ————— N ——— N ——— N —— Ol T W S W W W W W W W W ——— — —
— — —

| | i | | ; | | | | |

4 8 251 4 8 251 4 8 251 4 8 25
gz [GeV? /et

Slavomira Stefkova, slavomira.stetkova@kit.edu

Off-resonance data

u(BDT?)

0.94 0.96

0.98

300 ,
: Belle II preliminary
x . [ Ldt=(362+42)tb~!
= 200 : ' :
’E B Continuum
O
- ¢ Data
av :
@ 100
0
=) S S R
~ _55 | l : | | x | | : | |
1 4 8 9251 4 8 2501 4 8 251 4 8 25
Grec (GEV?/ ]
77 KIT KCETA Colloquium

Karlsruhe Institute of Technology


mailto:slavomira.stefkova@kit.edu

O Invariant mass of the signal kaon and a ROE charged particle

(most probable mass hypothesis from PID info X = z, K, p)

O Resonances well reproduced

BB Backgrounds

Semileptonic BT decays with K coming from a D decay are checked in:

DY > Ktn
x10° 4
2.0 - ® Belle II preliminary l: MC
- fL',dt:362fb‘1 }  Data

(-
oy

Bt — K1vp after

BDT, selection

Candidates
=

/77 Stat. unc.

0.5 f
00k . \—-!
1.5
. L
%E 1.0 %P—WWMW
QD"0.5-/1....|...1|....|...,|..
0.5 1.0 1.5 2.0 2.5
Mg+ x- [GeV/c?]
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ROE Reconstruction: ECL clusters

ECL clusters

O Other charged tracks
O Other ECL clusters

o kY
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ROE Reconstruction: ECL clusters

ECL clusters

O Other charged tracks
O Other ECL clusters are reconstructed as
photon candidates and include:
O Real photons
O Beam related backgrounds
O Charged particle deposits away from
trajectory

O Neutral hadrons, e.g: K£
o K.
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ROE Reconstruction: ECL Clusters

Reconstruction of real photons:
O Photon-detection efficiency in data/MC checked with ete™ = u*u~y

— good data/MC agreement

O Photon energy is also well modelled in simulation: Associated 0.5% uncertainty on photon energy
— associated 0.5% uncertainty on measurement is propagated as systematics uncertainty

Other hadronic sources:

O Hadronic energy measurement is biased
O Derive 10% data/MC correction with Bt — K*J/y channel

Use difference (10 %) as a correction and an uncertainty of
100% assigned to it as systematics
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Neutral Extra Energy HTA

Corrections and the validation of the signal efficiency and background estimation

follow similar methods as in ITA

extra

One of the differences is the photon selection, which leads to specific needs for E; ;" (the most
discriminant variable) derived with control samples (same charge K and Bmg)

y multiplicity distribution shows some data/MC disagreement

pion enriched sample
Correction applied

Belle II preliminary
J Ldt=362fb"!

no correction
=00 . 4000 F
I Belle II preliminary

[ Ldt=362fb!

n SO0 = BB L, 3000 - — BB

g - B cC _8 : B cC

fé B g %3 B (q

= 2000 }  data = 2000 }  data

c% 7777 Stat. unc % Stat. unc
O O

1000 | 1000 f

Method validated with
oion enriched samples

The residual difference is

0! 0!

0.0 2.5 5.0 7.5 10.0 12.5 15.0 0.0 2.5 5.0 7.9 10.0 12.5 15.0
Q27 ] 227 }
= :::::::::E::::::::I:I::I::::::::I::::;:::::_:::: = ::::__::!:::5::5:::5::::'::-::}::I:__:::‘:::::;::;::_:::
Q’f‘o—.l,1.11.‘..1....11.1.11...1.7..11 mo-l 1 TR SR SRR SR

0.0 2.5 5.0 7.9 10.0 12.5 15.0 0.0 2.5 5.0 7.5 10.0 12.5 15.0

N~extra N~extra
n,extra n,extra
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Belle Il Events

In addition to signal events, 5 types of backgrounds: Y (1S)
1. Continuum backgrounds e*e™ — ¢qq, q € (s,c,d, u) Sl |
2. ete” —> 17 S ol tT(29)
2 © _
= -
N 3. B-backgrounds T [
. o T | - T(3S)
< | 4. Beam-backgrounds: Touschek scattering, Coulomb scatterir | + A
= o L + B ¢ T (4S)
> synchrotron radiation, injection background, ... O R e |
QD @) I + by + % phteny %ﬁ.’,_‘;ﬁ,jx Lt T
)] . . — — — — F ' back d
o | 5. Luminosity backgrounds: e¢™ — eTeTyy - eTeTeTe, ... ol T AL e
9_) 0.44 9.46 18.0010.02 10.34 10.37 10.54 10.58 10.62
O e"e” Center-of-Mass Energy [GeV]
C

AN

tag

4 T /Y(4
=N
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Recap of last Belle Il measurement

[Phys. Rev. Lett. 127, 181802]

The first analysis on BT — KT1v performed by Belle Il used first & = 63 fb-
O Based on innovative reconstruction approach (inclusive tagging)

O BBt - K'wvp) = [1.91“%:% (stat)f8:§ (syst) | X 107 = no significant signal was observed

O Set competitive upper limit of 4.1 x 10™ @ 90% C.L.

Average
‘1.1i0.4
! ,,I | Belle III (63 b1, IImclusive)
: 1.9716  PRL127, 181802
1
Good sensitivity with rather small dataset | Lo Belle (711 fb!, SL)
. . I 1.0+£0.6 PRD96, 091101
thanks to innovative approach |
l ° Belle (711 fb~!, Had)
: 3.0+1.6 PRD87, 111103
1
l —1
o= Babar(zonl Hadssi)
0 2 4 6 3 10

5 + + 5
Best upper limit 10° x Br(B™—=K ™ wvv)

O SetbyBaBar 1.6 X 10 @90% C.L. [PhysRevD.87.112005] Measured central values*
*N.B. only limits were set
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Particle Identification: Validation

BT — K™ub signal region

Bt —» ﬁ( — K z27)h™* data and MC events with
h = K, n to validate the fake rate:

O Remove DO—decay tracks to mimic signal signature
O Use the full Bt = K*ub selection

O Compute AE with 7 mass hypothesis and select A
with nominal KaonlD

O Estimate the number of BT — BOKJ“ and

B* - D nt by fitting AE both for MC and data
O Obtain fake rate: F' = N_/(N_ + Ng)

Data consistent with MC within 9%: 1.03 + 0.09

— No further corrections applied
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~ - Belle II preliminary e BT =D
g 60:‘ [ £dt=3621b! e B TR

= ® —
g 50: \ Total
E?./ s ¢ Data
} :
O 30 +
<+
g | 1
2 10f \
O g XX
O :+ . ......L.......---.--‘."‘l‘ .\ i L] T P ——
—0.100 —0.075 —0.050 —0.025 0.000 0.025 0.050

AFE |GeV]

AE = E* —\/s/2

Observed minus expected B energy
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A Results: Post-fit distributions

2000 Belle II preliminary gl B+ K = v : — B— — -
i _ -1 — - B K v elle II preliminary B B K ‘tvp  BelleII preliminary
@\ - b ee) Ldt=3621D ] BO+B0 ) 4000 F — pogo L£dt=362fb! § 3000 - = BB [ £dt=3621fb1
@) = 1500 o S N B B- ¥ | - 55
[ ) g - Contlnuum g 3000 __ - Continuum C\_{'D B - Continuum
O % i | t Data N ¢ Data < 2000 | ¢ Data
'g 1000 i 7777, Sim. stat. unc. 4C—é Sim. stat. unc. S Sim. stat. wnc.
N\ % - g 2000 B
Py = : = = 1000
o\ O 900 O 1000 | = :
& | | = |
i - av} i
Q 0k 0 SR
m 5 5 : O
— : = 0f = 0f
v = _“.-_—l...__—_____.—.-___lllﬁ Q_‘ C B
3\ Q_.O: _5:.|.|.|.|. &_5:....|. Ll A R
-H— 0.00 0.04 0.08 0.12 0.16 0.20 5.10 5.15 5.20 5.25 5.30
00 01 02 03 04 05 Modified Fox-Wolfram H%, M ror [GeV/é?)
Fox-Wolfram R»
150 — Belle Il preliminary il BT —K T v 400 R B B K ‘tuvp Belle II preliminary CG; 250 ‘ Bl B —K‘tw Belle II preliminary
o0 i [ LAt=362fb"  ==m pBORO BB [ L£Ldt=3621b1 § . 3 B'B° [ Ldt=362fb"
@)\ = r I BTB- S I BB * © 200 E= BB
: . - 300 B . O - Bl Continuum
J — Bl Continuum g Hll Continuum —_ _
% 100 - 2 [ 4 Data < 150f b Data
¢ Data i ,
) L | . = [ /7 Sim. stat. unc.
45 Sim. stat. unc. = 200 F 7 Sim. stat. unc. Nl I
/\ = T & 100
o r— o r— g B
o) - e I < -
N = 3 l = el
N SE S 10 s
& : S
Q 0 0 ;.
Q oF _F ER . W .
a— B — B — _____ E
N’ SO_—ﬁ_—-__.'—-'"—_—F-“- EO“—'— B e N G S S S S
3\ - . . L 5 - | | | | | | | | | 5.10 5.15 5.20 5.25 5.30
0.0 0.1 0.2 0.3 0.4 0.5 0.00 004 0.8 0.12 0.16 0.20 M, roE [GeV/c?]
Fox-Wolfram R» Modified Fox-Woliram H,?
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ITA Results: Post-fit distributions

[ Belle II preliminary B B oKtup 5000 Belle II preliminary [l B+t —K Tuvi {: 2000 | ];ilstligze;f?—ilnary B - 0+_—0>K tup
g 2000 - [ £dt=362fb" — BB B [ Ldt=3621b"! — BB N\ ¢ 4 = [ B+B )
(\] 8 _ 3 BB~ < 4000 0 B"B~ % [ B B
N 1500 F Bl Continuum g Bl Continuum @ 1500 - Bl Continuum
@ 8 ¢ Data % 3000 ¢ Data — + Data
* ™~ - . + ~
o § L000 i /77, Sim. stat. unc. ’_595 ? 1000
< I < 2000 e
C I = <
A\ 2 00l : <
“ Tk 5
@\ 0
E | D
_ 5t . | . | . ! . s
m 0.92 0.94 0.96 0.98 1.00
)
< n(BDT?) 2 /.4
Gree [GEV/ 7]
i . G 200 B Belle II preliminary il B —K T o
150 L Belle II preliminary B K+ 250 Belle II preliminary [l BT K Tuvi { I | f £.dt = 362 fb! BB
> [ £dt =362 fb" e o [ £dt =362 fb" — BB > _ =3 BB’
O N 4oy > i | [ B™B
@) BTB- o 200 1 B™B ) 150 Clonti
OO N Continuum g Bl Continuum @ i -+ DZ?amuum
@ = 100 T Data 2 150 { Data —
° > - / Sim. stat. unc. = } 100
S ¢ : 7 10|
= _ = 100 = ;
= s I
< 50 = =
N\ g z =50
= O 50 %
~ @,
@\ 0
D N
S - E ) -
C : =
al -
m Q—! _5 B \ ] ! ] ! ] . Q—( _5 : | | | | | I | | | | I | | | | I | | | |
N 0.980 0.985 0.990 0.995 1.000 0 = 10 15 50
~ n(BDT,)

Qe [GEV? /"]
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HTA Results: Post-fit distributions

Examples:

HTA Signal region n(BDTh) > 0.4

200 — 100
W Belle II preliminary Hlll B"™— K ww % I Belle II preliminary B B K v
JLdt=362tb"' /3 BB O 80k Ikll [ £dt=362fb — BB

p U I cC 19 l mm

5 B i dd, ss S 60 B i dd, ss

= 100F t Data > j }  Data

c(:@ /777 Sim. stat. unc. L 40F /777, Sim. stat. unc.
o [

< 50r 2 a0l
2 | ! Lﬂ*‘%ﬁ

0 ¥ I o | . | @, (5) I L L

— O — :

= 0 S 0

aF _5 L | | | | | = 5 B | ' ' ' ' '

0 1 9 3 4 5 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Eextra [GQV]

Tltracks extra
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HTA Results: Post-fit distributions

S0 | Belle II preliminary | ]
L [Ldt=362fb" —

60 - —
- ]

40 | t

DO
-
I I I I

BT —K " vp
BB

cC

ut, dd, s§
Data

Sim. stat. unc.

Pull Candidates/(0.25 GeV)

k

miss -+ Cp]:liss [GGV]
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Pull Candidates/(2 GeV?/c*)

o0 1

40 ¢
30 F
20

10t

Belle II preliminary
[ Ldt=362fb~!

BT K vy
BB

cC

ut, dd, s§
Data

Sim. stat. unc.

Ot O OO
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x 10%

Lepton-ID sidebands

Also lepton-enriched samples are used to validate the methoa
e/u ID instead of KID: Bt - etX and BY - u*X

BT — e™X

2.0 [

1.5 -

Candidates /(1 GeV?/c4)
o

Pull

L PID(e)>0.9

| Belle 11 preliminary

J Ldt=362fb!

EE B with D>K; X
B B without DK X
Bl Continuum

} Data
7777 MC unc.

e [GeV2/c]

Candidates /(1 GeV?/c4)

Pull

+ _, .t
25 x10* B //t X
: 8 B with DK X
2.0 - Belle II preliminary B B without DK X

1.5

1.0

J Ldt=362fb!

PID()>0.9

B Continuum
} Data

7777 MC unc.

| *en___ﬁm

l 1 1 1 1 I

2
q rec

The correction factors found in the three sidebands
are within 10% => considered a systematic uncertainty
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Half-split samples

Stability checks by splitting the sample into pairs of statistically independent datasets, according to various features

ITA HTA

Belle II preliminary [ £dt = (362+42)fb~! i Belle II preliminary [£dt=362fb" |
- DataSet =Tl 2021/ _ 50 9091 m : :
; ; i > July 2021 ' i

-0 . <1.5 * I DataSet /< July 2021m
miss /2 1.5 | * I I
I

i <1.5GeV/e : |
Pror / >15Gev/e m ~ j
5 <1 r
_N7<6/26 w Hmlss /21.5 : :
B Nleptons ~ O/ =0 m I :
_!-:i" - cos(0x) <U%?/ > 0.2 "
|
[T

| <6
Ntracks / >6

_COS(GK)<O'22/ZO.22 l—d—ll I

|
n | B charge+ / — r
[ I\ charge / — m :
p—— | | |
| |

|
| | |
- Sum(charges) 7Y/ _ :

—15 —10 —d 0 D 10 —15 —10 —d 0 D 10
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B->Knn bar

Treatment of the background source:

B+ — K+nﬁ PhysRevD.76.092004

_ : 250 ll 1T I | I | I 1 I 1T I | l l_
* Neutrons can escape the ECL detector O - ]
= 200 (@) -
e B - K™nin is not measured, use the isospin S R :
0 0 — > 150 | e+ —
partner process: B~ — K"pp 2 : :
100 -
e BaBar data show a threshold enhancement not | C e- :
modeled in the three-body phase-space MC 50 ;/ =
0 :— --------------- -~ @ f
50 :
shape and rate modeled il PN PN PN RPN PPN PP B

2 2.5 3 35 4 45 5

according to BaBar data

and assigned a 100% uncertainty mpE(GeV/c“)
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Reconstruction and basic selection |

Objects definition:

* Charged particles: good quality tracks with impact parameters close
to the interaction point,with p; > 0.1GeV and within CDC acceptance

e Photons: ECL clusters not matched to tracks and with E>0.1 GeV

* Ks reconstruction with displaced vertex

A
\©
eEach of the charged particles and photons is required
to have an energy of less than 5.5 GeV to reject mis-
reconstructed particles and cosmic muons €
e Total energy > 4 GeV

Y(48) —=

First event cleaning: %

N, .. > 4 to reject low-track- Reconstructea
4 < NthkS < 10 multiplicity background objects
17° < @* < 160° events (yy,..) (ECL clusters, tracks)

nitss
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Input variables BDTs

Variables related to the tracks and energy deposits of
the rest of the event (ROE)

Variables related to the kaon candidate

e T'wo variables corresponding to the x, z compo-
e Radial distance between the POCA of the KT can- nents of the vector from the average interaction

didate track and the IP (BDTz) point to the ROE vertex (BDT53)

: : : . e p-value of the ROE vertex fit (BDT
e Cosine of the angle between the momentum line of - ( 2)

the signal kaon candidate and the z axis (BDTQ) e Variance of the transverse momentum of the ROE
tracks (BDT5)

e Polar angle of the ROE momentum (BDT;, BDT5)
e Magnitude of the ROE momentum (BDT;, BDT5)

¢ ROE-ROE (00) modified Fox-Wolfram moment cal-
culated in the c.m. (BDT;, BDT5)

e Difference between the ROE energy in the c.m. and

the energy of one beam of c.m. (1/s/2)
(BDT¢, BDT5)
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Input variables BDTs

Variables related to the entire event

e Number of charged lepton candidates (et or pu%)
(BDT3)

e Number of photon candidates, number of charged
particle candidates (BDT5)

e Square of the total charge of tracks in the event
(BDTs)

e Cosine of the polar angle of the thrust axis in the

c.m. (BDTy, BDT,)

e Harmonic moments with respect to the thrust axis
in the c.m. [41] (BDT;, BDTj)

e Modified Fox-Wolfram moments calculated in the
cm. [42] (BDT,, BDT,)

e Polar angle of the missing three-momentum in the
c.m. (BDT,)

e Square of the missing invariant mass (BDT5)
e Event sphericity in the c.m. [40] (BDT>)

e Normalized Fox-Wolfram moments in the c.m. [41]

(BDT,, BDT5)

e Cosine of the angle between the momentum line of
the signal kaon track and the ROE thrust axis in
the c.m. (BDTI, BDT2)

e Radial and longitudinal distance between the
POCA of the K™ candidate track and the tag ver-
tex (BDT5,)

Slavomira Stefkova, slavomira.stetkova@kit.edu

Variables related to the D?/D* suppression

e Radial distance between the best DT candidate
vertex and the IP (BDT5)

e x2 of the best D" candidate vertex fit and the best
D candidate vertex fit (BDT2)

e Mass of the best DY candidate (BDT5)

e Median p-value of the vertex fits of the D° candi-
dates (BDT5)
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Input variables BDTs: ITA
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Input variables BDTs: ITA
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Input variables BDTs: ITA
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Input variables BDTs:

Belle Il preliminary | £dt =362 b
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Input variables BDTh

e Sum of photon energy deposits in ECL in ROEh
e Number of tracks in ROEh

e Sum of the missing energy and absolute missing
three-momentum vector

e Azimuthal angle between the signal kaon and the
missing momentum vector

e Cosine of the angle between the thrust axis of the
signal kaon candidate and the thrust axis of the

ROEhQh

e Kakuno-Super-Fox-Wolfram moments H33, HS3,
H{°

e Invariant mass of the tracks and energy deposits in
ECL in the recoil of the signal kaon

e p-value of B,,,

e p-value of the vertex fit of the signal kaon and one or
two tracks in the event to reject fake kaons coming

from D or Dt decays
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Validation of the signal efficiency in HTA

Same method as ITA
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Input variables

preselection level: no BDTh cut, no best candidate selection

.

Event density

Event density

Belle IT preliminary [ £dt =362 1
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BT — K vy Event in Belle Il
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Beam-backgrounds

Single-beam backgrounds:

Touschek scattering — scattering of particles within a bunch —
Touschek rate o< Nparticles X p —

beam-gas scattering — Coulomb scattering and Bremsstrahlung

(scattering off gas molecules) — Beam-gas rate o< Ngus molecules X
2
Nparticles — P X1 X Zeff ‘ ‘

synchrotron radiation background — consequence of a radial acceleration of the beam’s particles achieved in
bending magnets and quadrupoles

injection background — continuous injection of charge into beam bunch modifying the beam bunch

Single-beam backgrounds can be mitigated with beam-steering, collimators, and vacuum-scrubbing

Luminosity backgrounds:

two-photon background — leading luminosity background (eTe~™ — eTe vy — eTe eTe ™), unlike any of the
backgrounds above cannot be reduced!
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Belle Il vs LHCb

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

LHC SuperKEKB
pp-collisions e e~ energy asymmetric collisions
b-quarks produced by gluon fusion BB produced from Y (45)
all b-hadrons species (Bg4, Bs, B¢, b-baryon) exclusive BB production
highly boosted topology asymmetric beam energy — boost
Opp — 100/,Lb Opp — 1.1 nb
different backgrounds (N/S = 1000) B-backgrounds, continuum backgrounds + QED (N/S=4)
1fb~" 1ab™"
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Belle Il vs LHCb

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

Super-KEKB

E (GeV) B*y (mm) B*« (cm) @ | (A) L (cm?s?) KEKB SuperKEKB SuperKEKB Ziel
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER (Juni 2022)
KEKB 3.5/8.0 5.9/59 | 120/120 11 16/12 | 2.1x10% e ';ESR HER "E“ "":R LER H_ER
| .
34
SuperKEKB 4.0/7.0 3.2/2.5 415 | 3.6/2.6 )| 80x10 A Bunches v 2240 1800
factor 20 factor 2-3 BBy [mm] |1200/5.9|1200/5.9| 80/1.0 | 60/1.0 | 32/0.27 | 25/0.3
| [A] 1.64 1.19 1.46 1.15 2.8 2.0
Luminositat
10% cm-2s-1 2.1 4.65 (Rekord)) 60
Int. Luminositat
fab-1 1 0.43 50
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Long Shutdown 1

Belle Il stopped taking data in Summer 2022 for a long shutdown

O replacenr

O replacem

er

er

t of beam-pipe
t of photomultipliers of the central PID detector (TOP)

O installation of 2-layered pixel vertex detector

O improved data-quality monitoring and alarm system

O completed transition to new DAQ boards (PCle40)

O accelerator improvements: injection, non-linear collimators, monitoring
O replacement of aging components

O additional shielding and increased resilience against beam bckg

Currently working on pixel detector installation:

==> shipping to KEK in ~mid March

==> final tests at KEK scheduled in April

On track to resume data taking next winter with new pixel detector
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[PRL 127, 181802 (2021)

Fit Results (old)

Step 4: Perform ML fit to binned p,(K™) X BDT}, distribution to extract signal strength y :

2.9 1.8 3 4 C e : : — (T(45 ) —
O u = 4.2J_r2:8(stat)f1:6(syst) = 4.2J_r3:2 — no significant signal is observed TN
O Limitof 41 X102 @90%C.L. — competitive with only 63 tb™ ?&

O Leading systematic: background normalisation 1u =SM B(BT - K*vb)

~ Purity:6% 1.0 g
:0.93§BDT2<O.95EO.95§BDT2<O.97;0.97§BDT2<O.99§ 0.99<BDT, - : Belle 1T ---- Expected _
: : . _ —1 i
200 CR1 : SR Belle II : h 0.8 '.: ”""/‘C dt = (63 +9)fb ] EXpeCted_:l:].O' |
I y :_>' é/ﬁdt:(63—|—9)fb_1 Expected+20
+ . : : 1 g | —— Observed
300 : B B K v h — (0.0 F |
bt 1 Neutral B C:S I
§ I Charged B | " - .
1 200 B Continuum _| 5 0’4__ ]%0% CtLd N 5__
¢ Data xpected: 2.3x107° -
§ ' 0.2 I Observed: 4.1x107° _
100 scaled by 2 ] ’ |
u = 4.2433(stat)* ] S(syst) 0.0 B w10
OO 2.0 2.4 2.0 2.4 2.0 24 2.0 24 3 2 4 0 8
5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5 B . .
BT — K*vy branching fraction
pp(K*) [GeV /c] g
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Search for B — K"tr decays

Belle Il snhowmass paper

B(B° — K*977) (had tag)

Motivation:

O FCNC transition involving 3@ generation leptons

O SM gg( B —- K (*)TT) ~ 1()—7 ab™' ”Baseline” scenario ”Improved” scenario
1 <3.2x1073 <1.2x1073
BSM: 5 <2.0x1073 < 6.8 x 10~
. . 10 <1.8x 1073 < 6.5 x 10~
O Rate enhanced by NP models (especially those coupling only to

50 <1.6x1073 <53 x 107
3rd generation / with coupling « particle mass)

Current Bounds:

0 Belle BB’ - Kt"t7) <2.0x10°@90%C.L.
[arxiv:2110.03871]

O Babar B(B* - K*t717) <23x107°@90%C.L.
[PRL 118, 031802 (2017)]
Belle Il can:

| Model
| independent

| o Ry &Ry 20
| B Rym&Ryp 10
{ B Br[Bs—>11]

| W Br[B-K"11]

1 B Br[B-KTr1]

| O Br[Bs=>¢ri]

Br x 10%

O exploit different tagging approaches

O include more 7 decay modes (improved scenario)

*—|— ‘i.1 1.2 1.3 1.4 1.;5
O measure other channels K Ru/RM  [X=b->cInu]
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Search for B —» K1l decays

£ X107
. . _ | 5 |
Motivation: _ 4.0 x 107 43 %105
O LFV decay — strongly suppressed in SM Gl 30 105 ’ _
ER o
o) CN i A : | Belle (711 tb™"), arxiv: 2212.04128
R(D""’) hints at 7 vs u/e non-universality : | | LHCb (9 fb-1), JHEPO6, 129
Nl 2.8x 107 BaBar (429 fb~1), PRD86, 012004
(LFUV) S S . 2.5x10-
o0 BSM: LFV can arise together with LFUV g o
O Models: Leptoquarks, Z', W'... S 27 1.5% 1075 1.5% 1073 ]
— ° °
=
: : 1y 0.6x 1072 :
Belle only used hadronic reconstruction! )
: 2 2 2 2 2 2
Belle Il can: S % S :G S 1%
. . . .
O exploit different tagging approaches 4 e @ & 4 pe
O include more 7 decay modes < o < A S &
0 & g A §< & &
O measure other channels such as K 7 J . . 7 7
a Q) Q Q) Q) Q)
Channel

Slavomira Stefkova, slavomira.stefkova@kit.edu 111 KIT KCETA Colloquium &(IT



mailto:slavomira.stefkova@kit.edu
https://arxiv.org/abs/2110.00790

Search for BT — KX decays

BSM scenarios of BT - K vi : new mediators (X):

O X (= dark scalar (S) or ALP (a) ) decaying invisibly

O ALP : probing coupling of a to SM fermions and gauge bosons
O Dark Scalar : probing coupling of S to SM Higgs boson

O Main experimental difference: two-body vs three-body kinematics

ALP (a) [arxiv: 2201.06580] Dark scalar (S) [PRD 101, 095006 (2020)]

Simplitied sensitivity studies:
0 With 0.5 ab-1 = expected an
.~ order of magnitude
improvement

0.025

{ Belle |l ee

0.020

cwlA) | f, [Tev~1]

10-! _ ‘
 0.015/ : ' ~1
oo |NABZINV. | 0 With 50 ab " = expected
o 0.010F - two orders of magnitude
o f improvement
0.005|
107" Bellellinv. . ...........CHARM g |
.1 50 ab-1 0.000.
10 1077 16‘1 160

m, [GeV]
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Search for B™ — K™a (ALP) : Sensitivity

Simplified sensitivity study probing different ma scenarios for main [5S MeV, 4 GeV]
O With 0.5 ab-"1 limit on B(BT — K"a) < 10-5@ 90 CL — expected an order of magnitude

O With 50 ab-1 limit on B(B™ — KTa) < 10-7@ 90 CL — expected two orders of magnitude
improvement
2
104 1071 | 107
— my=1GeV | BaBar B* =K *vp ’ .
- 0.5ab™t — m,=300MeV - | T 10!
105 7 v m,="5MeV > > |
- ' ‘\ \ 2 =
514 \ \\ D HLU q\“m 100
10T I\ O\~ Frmmmamaaa Py < |
@ 50ab~?! —~ <
] < -1 < 50ab~1, no bg. S
\\ é: 10—4,___5,(,)_3,9,,', no bg ,,,,,,,,,,,,,,, § 10—17. .............. g ............... )
107 |
-5l I 21
1073 101 101 103 10° 10 102 101 10° 10 102 101 100
CT, [cm] m, [GeV] m, [GeV]

Belle Il near-term plans

O Compare sensitivity of inclusive tagged vs hadronic tagged reconstruction approach for B¥ — K¥a
O Adapt inclusive tag to favour two-body kinematics

O Perform search for BY - K¥a / B — K*a with pre-shutdown dataset (0.5 ab~")
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