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The standard model

The standard model describes three out of the four fundamental forces in nature and
predicts accurately thousands of measurements over many orders of magnitude in energy.

Dark matter
Dark energy

Matter-antimatter asymmetry

Determining the theory that completes the SM is the principal goal of today’s particle physics.
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Amplitude receives contribution  Known initial ® SM or non-SM ' Measured
from SM *and® non-SM states " final states

o | : ; intermediate
particles Irrespective of mass. O(eV:GeV) ¢ states I O(eV+GeV)

#

Weak interactions of quarks offer rich opportunities for indirect approach.




Quarks in the standard model

e Transitions of quarks: O(100)

accessible
potential fo

particles

Drocesses that are
- probing non-SM

e \/iolation of charge-parity
symmetry

Plenty of opportunities to probe

the SM: a rich program ongoing
since three decades.
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B factories

—nergy-asymmetric electron-positron colliders operating G [ ‘
T(18) :
t the ener round the Y(4S) mass — | — ]
at the energy around (45) S b 1 ete™ — y* — hadrons :
AIm to produce billions of B and D mesons and t leptons 2 | 4 B :
R BB production ;
= b Yes) threshold :
T ]0_ ‘. ' p‘o :‘
| | | B B | | * ¢ [ T (38) :
First generation B factories: Belle@KEKB and BaBar@PEP-II & | 1 iy ot oy «
\bj > + ’01‘ e "“‘N PR W ‘ki-.A_n |
e ~1.5ab collected at and around Y(4S) mass ol Hgnt quark pairs aka continuum _ §
_ 944 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62

(roughly 1 ab-1 corresponds to 1 billion BB pairs) Center-of-mass energy (GeV)

e Multitude of achievements: confirmation of CKM mechanism, direct charge-parity violation in B decays,

b—ctv and others

Higher precision requires higher luminosity => Second generation B factory: Belle ll@SuperKEKB



Belle Il at SuperKEKB
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Belle

Il at SuperKEKB

SuperKEKB

First-generation
KEKB

Toward 1035 cm

-K

e SuperK

e Main reasons are low injection efficiency, beam size, beam lifetime pesitron damping ring

e \Norking hard -
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5 integrated luminosity is lower than expected

‘0 overcome this, e.g. hardware upgrades on
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Injection system
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Belle |l

e \Well-known Initial state K1 and u detection >
N K p-resolution: 15 MeV
e Production of BB at-threshold => clean environment . idengjication cficiency: ~90%
EM Calorimeter — ot 4
F . . Energy resolution: 4%-1.6% - Z |
e Boosted centre-of-mass system => essential for time- &
dependent measurements
: : : Vertex resolution: 15 ym
o Nearly 47 coverage => covers final states with neutrinos o i
e High photon detection efficiency. => neutral final states electrons (7 GeV) /,'/&

e S positrbns (4 GeV)
3 /¥~ 0sitrpns (

/ \ Particle identification -
Kcentral Drift Chamber - 90%, fake 7t rate 5%

e (Good charged particle identification

o Precoil => 2.0 GeV/c :
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S i ' | o | oy AAAAAA Spatial resolution: 100 gm \
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= _ ) fdf = 71.2 fb! S 08f " 'Nn‘f'**. Gk ‘ dE/dx resolution: 5% \
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Total integrated Weekly luminosity [fb~1]

Data taking status

Belle Il Online luminosity

Exp: 7-35 - All runs

mm Recorded Weekly
s [ LRecorded dt = 548.91fb™]
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UpS //,

cs program

New hadron states Zb's, b DDAty
H
e e \‘ ... (‘p ySI
New hate o
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‘;, l"-’

New Ha ! n“‘s

® Simultaneous measurement of BO—=zr-I+y and B+— p0l+y

® BO— 7070

® Search for a utu- resonances

w4 @ | gpton flavor universality with T decays

= /I\/Iy choice of topics for today: \ o, b6

® B+_’K+V7_/ /
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=xtract |Vus| from BO—=7-I+v and B+— pOl+y decays

® Suppress ete-—gq and background from other B decays using

e [Extract signal yields from a fit of 2 kinematic variables in bins of g2=(ps-pe,x)?

simultaneously for BO—=7z-I+y and B+—= %ty => (13 + 10) x 4 x 5 bins
q
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Simultaneous measurement of B0— 7-[+v and B+— 00[+y
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https://arxiv.org/abs/2407.17403

Simultaneous measurement of B0— 7-[+v and B+— 00[+y

=xtract |Vus| from BO—=7-I+v and B+— pOl+y decays

® Suppress ete-—qgq and background from other B decays using BDTs

e [Extract signal yields from a fit of 2 kinematic variables in bins of g2=(ps-pe,x)?
simultaneously for BO—=7z-I+y and B+—= %ty => (13 + 10) x 4 x 5 bins

2
q Mbc | AEl

"F Belle n | [ 5 F :
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: Ldt=364fb - Belle li i — -1
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5 - 0 X, tv B Continuum : X, Ly B Continuum .E i 3 X, v @ Continuum : . X, LV BB Continuum

Events / Bin

BB - 77¢*v) = (1.516 £ 0.042(stat) + 0.059(syst)) x 10~*
E 9?(3+ — p0f+ ) — (1 625 + 0.079(stat) = 0.180(syst)) X 10~*
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V .| from B9—=7-l+y and B*+*— p0[+y

dq x | V ‘ | FF(q”) | Lattice/LCSR constraints as nuisance parameters
i 1 14 F
| Belle ll ICdt=364fb-1 . Belle I ICdt=364fb-1 - Belle Il 8"’-0p°l’v(
: [ BO >ty ! [ B = nt*vy 12 | Jedt=364107"
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10 15 20 25 0 5 10 15 20 25 0.0 25 5.0 75 10.0 125 15.0 175 20.0
q? [GeV?] q* [GeV?] q* [GeV?]

Set up x2 fits and use FF parametrizations and

/ plgo_—pry, = (3.93 £ 0.09(stat) = 0.13(syst) = 0.19(theo)) X 10~3 LQCD constraints \

\ub P 20pty = = (3.19 = 0.12(stat) £ 0.17(syst) + 0.26(theo)) X 107> LCS

Vi lgo, v, = (3.73 £0.07(stat) = 0.07(syst) £ 0.16(theo)) X 10~ LQCD+LCSR constraints

R constraints J
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® Purely neutral final state => develop robust photon selection

. . %, 30| Bellell preliminary 1) 40 - Belle Il preliminary
against beam-induced background S ol JrEE 2 wf [racse
® | arge contamination from ete-—qg => train a MVA : £ M ’ | }
A
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u+u- resonances in ete—

Search for the p

rocess ete P utu X, where X—utu

® | ook for a narrow peak in the u*tu-mass distribution. e
Probing two different models:
- Ly-Lr vector mediator (Z°) [W. Altmanshofer et al., JHEP. 2016, 106]
- Muonphilic dark scalar (S) [R. Capdevilla et al., JHEP 2022, 129] &

® Agressive background suppression using Neural Nets

JLdt=178fb'1

-1
Belle Il J Ldt=1781b Belle Il
1g | 1€
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o) E o E
- 5 (-
© 102k S 10°%g
- - —
- E - - sy
: I Traw FLae X 4]
MY LR
1072 @) 107°E
N ——90% CL UL I Expected UL + 10 - ——90% CL UL
- [ Expected UL + 2¢ =
1 0—4 1 1 1 l 1 1 1 1 1 1 1 1 1 0—4
1 10
m,[GeV/c?]

[ Expected UL + 1o
[ Expected UL + 20

| — I

1
my[GeV/c?]
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PRD 109, 112015 (2024)

Tl
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# + y"‘\ # "f
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800 : .
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O
= i
2
=
L
1 5 ...... ‘, ................................................................................................................
o . WA muﬁﬂﬂ H;Hm
Sl Ol Mﬂ +++++ #4 *H }
] et T

2 é 2 3 6 7 8 9 1o

M(up) [GeV/c?]

First 90% CL upper limits for the
muonphilic dark scalar (S)
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https://doi.org/10.1103/PhysRevD.109.112015

JHEP 2024, 205 (2024)

Light lepton flavor universality with r decays

§ x0 :
. Q s | Belle Il — (Ort —’rutr:uev (" = h™nn v)
Same coupling g of electroweak gauge bosons to all g, f(m2Im?) > | Jromsszmn oo
generations of leptons in the standard model g_e N\ " m2im2) S il
: . H T o
® (Common selection to both modes -> many systematic 2
uncertainties cancel out s
e Neural network to suppress background § Lo T T T ”
: . , , , - 10f¢¢4+++j++¥¥¥+*¥++ f_
Most precise test of light lepton flavor universality in T decays S ool e
8 1.5 2.0 2.5 3.0 3.5 40 45
gy =0e %(T — ’u ) pu [GeV/c]
i R =
; CLEO (1997) ,“ — — _ © x10° e
i ) 1.0026 £ 0.0055 @(T — € yeyr)\ %, 5| : Belle I (t7- e_l-)eVr)(T+—’h+an0\-)r)j
O | JLa=sanr L Sneines
i BaBar (2010) S 4 7/, Uncertainty
e 1.0036 = 0.0020 s LI Data
| ) }
HFLAV fit (2021) w 2|
- 1.0019 + 0.0014 5 1
+ g lel;;zlllf (2)002041)9 i
. o g 1044##++#¢+++-1—--+-++++%¥ ,
N ST R R S S A S S B :
0.99 1.00 1.01 1.02 1.03 1..04 1.05 § 0 TS0 35 30 35 20 a5 S0

191/ Gelr pe [GeV/c] -


https://link.springer.com/article/10.1007/JHEP08(2024)205

PRD 109, 012001 (2024)

Flavour-changing-neutral current b — suv

FCNC b — sui transitions offer a powerful probe of the SM

%
* Occur only at the loop level = highly suppressed 4 y
*Only W, Z bosons involved — clean theoretical predictions W35
B(B—Kvp) = (4.97+0.38)x 106 [arxiv:2207.13371
> TR b —» > >— S
(N0 B—1(—KP)v contribution) u,c,t
U vV
Highly sensitive to potential new physics (NF) contribution / /-
e Mediators in loops or new tree level diagrams W~ > -
® Sources of missing energy (e.g. b = s + DM)
b —» > — S

Measure BT — K™ v decay branching fraction in Run-1 Belle Il data
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https://arxiv.org/abs/2207.13371
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804

Experimental status before our measurement

® (Challenges:

PRL 127, 181802
Ay.lel age Branching fraction determined from upper limits
» EXpected low branching fraction ——J, — T ] —T .
: n Belle II (63 fb~*, Inclusive)
' PRL 127, 181802
» TwoO neutrinos In the final state |
I |
=> large backgrouna B | D e rbseoanor” )
!
!
. . Belle 711 fl Had
» Continuous spectrum for the signal kaon i ¢ Ll (b )
_ ' ' |
=> N0 good variable to fit | Babar (429 fb-! Had+SL)
I 0.8+0.7 PRD87, 112005
, , , L8 . o 1 N RS S SR I T S S RS
® No signal observed In previous searches: 0 2 A 6 Q 10
L . 5 -+ 4+ —
»  Competitive result from Belle Il already with 107 X BT(B —K VV)

sample corresponding to 63 fo-

» Unique for Belle li
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Reconstruction techniques

Specific for B-factories: information from partner B (tag) provides insight about signal B

~
B

tag

e = O(2%)
v
p«— Bt «— Y4S) — B~
o

X

~

— hadrons,e.g B — Dnx

/ﬂ'

\D(*)

/

4 Inclusive tag )
B,,, — anything
e = O(100%)
D Bt « Y4S) — B~ —:
rd N

Purities of the tagged samples, available physics observables

Tagging efficiencies, achievable yields

Inclusive tag analysis drives the precision
IS an auxiliary measurement

20



Baseline reconstruction

® Signal candidate: identifled charged kaon _
I J e” = Y(@4S) « e”

S1g




Baseline reconstruction

® Signal | . identifi N K _

Signal candidate: identified charged kaon o~ Y( 4 S) — et
® No explicit tag reconstruction B / \

S1

e (Charged particles: pt > 100 MeV/c, close to collision point, in the / . Rest-of-event

central part of the detector K (ROE)

=> Pure tracks Remaining

/ charged and

® Neutral particles: £ > 100 MeV, Iin the central part of the detector neutral particles

=> |ncludes real photons, fake photons, KIE) etc.

22



Signal discrimination

Combine signal kaon, event topology, rest-of-event
iInformation in two subsegquent MVA classifiers \
distinguishing signal and background

Belle I [ £dt=3.621b"!
Backgrounds: . .
*ete™ U _006f R —
e dd z | =
_ 5 =

® gt S5 continuum T 0041 — 5ok
® ¢te"— CC § /7, Sim. stat. unc.
® gte > THT- M 0.02 F ol
e B+B-events | :
e BOBO events 0-0(2) -

SZC% E___..,_‘4_..-.04..-.--0-0-.-0-0-0-0-0-0-0-t-rrt'o‘i‘o“o'o"'%

ol o

0.0 0.2 0.4 0.6
Spherlclty
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Background suppression

® T[rain two subsequent multivariate binary classifiers based

on boosted decision tree (BDT) 8000

® BDT4 used as a filter and trained with fewer variables.
Restrict the sample to higher BD T+ output values

)
-
-
-

e BDT> provides the main signal-background separation
— X3 sensitivity increase wrt BD T+

Candidates
=
=

2000

e Transform BDT: output to n(BDT),) such that the signal
efficiency Is flat

® Signal region defined within 8% of signal efficiency

Analysis heavily relies on the simulation
=> Crucial to validate it in data

24

Belle 11
Simulation

Signal region

= B'B’

I B'B-

B cc

B ss

B uu

B dd

1 777

[ 1 B"—=sK " wvx50

Signal x 50

0.94 0.96

n(BDTg)

0.98

1.0



Signal efficiency validation

e Use clean signature and abundant B™ — J/wK™

decay reconstructed in data and simulation
6000 | Belle II preliminary / Ldt =362fb~"
e Remove J/y products and substitute K with 0l 3 -
£ . " " m )
rom signal simulation A L/ 5 1000 I \
4= | -
| | | | © 4000 <
® Apply signal selection and check data-simulation o L/ S :§ : N
agreement for relevant variables and efficiency g 3000 0
= L/ 0.0 0.5 1.0 AN
O 2000 - BDT, (BDT; > 0.9)
B, d N\
dg 7Bt — K+ J/y Simulation ¢ BT — KT J/¢ Data
/ 1000 —/ [ 1B" — KT J/¢ Simulation ¢ BT — K J/¢ Data \
7, B*T — KTy Simulation
B. 0 V4SSO SEISIISN <<\
sig 0.0 0.2 0.4 0.6 0.8 1.0

BD'T;

Data-simulation efficiency ratio 1.00+£0.03 - good agreement within 3% which is included In systematics
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Validation of particle identification

® Particle Identification selection on kaon Is the sole

250 F
strong signal requirement ‘

B Simulation
¢ Data

/77 Sim. stat. unc.

b

Do

~

v

~

—’
I

® (Check data-simulation agreement
=> Apart from kaon identification efficiency also
worried about pion-kaon misidentification
=> Use abundant and low-background
D™ - D - K=zHxt decay
=> Corrections: ~0.9 for kaon ID efficiency, ~2 for
pion-to-kaon fake rate

[—

)

~

-
|

Belle 11
f Ldt =362fh!

50 |

Candidates/(1 GeV?/c?)

Pull

® \alidate corrections using N R
BT - D = K*n)h™, (h = K/n) 0.0 25 50 75 100 125  15.0
[M(K*77)]* [GeV?/c?]
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Belle II preliminary f Ldt =42.3fb!

Validation of e "¢™ — gg modeling  setore comections

e Compare pure continuum data (off-resonance) and continuum simulation g i
9 4000 — = :1
e Normalization in data 40% larger than in simulation g | W b
<= 2000 777 Stat. e,
® Several discrepancies in shapes of relevant variables 3
=> Reweight simulation using J. Phys.: Conf. Ser. 368 012028 >
J J S PR — 77
L A P XY WA € 7%
® [rain a classifier BD ¢ that distinguishes data from simulation 0.0 0.2 04 06 0.8 1.0
Fox-Wolfram Moment R
e |ntroduce a weight that suppresses events in simulation that do not After corrections

Belle II preliminary fE dt =42.3 b

resemble the data

1 T

BDT., | =
4000 | B s

S i B un

1 —BDT, —

+ Data
//7 Stat. unc.

: : : : : 2000 b
e (Correct simulation using this weight ;

Candidates (0.025 )

0

Agreement improved after the corrections 12 —
;= 2 %9 00 s ! / /?/

155 (1)2 }“ AT

0.0 0.2 0.4 0.6 0.8 1.0

Fox-Wolfram Moment Rs 27


https://iopscience.iop.org/article/10.1088/1742-6596/368/1/012028

Validation of BB modeling: kaons from D

TN . . D° - K*n
e Semileptonic B decays with kaons coming %107 /
froma D decay 2.0 - ® Belle II preliminary U‘ MC

_ -1
[Ldt =362fb b Data

® (Check invariant mass of the signal kaon /) Stat. unc

combined with a charged particle from the rest-
of-event (before applying strict selection on the
BDT output)

—
S
| | I | | |

Candidates
=

&
Sy

Good agreement

i ]

Al
0.5 /J | | | | l | | | | l | | | | I | | | | l | |

-
O
(-
-
-
O
DO
-
DO
O
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Validation of BB modeling: B — D( — K;X)X
g2, = s/(4c*) + Mg —\/sE%/c*

e Contribution from BT — K+D(0
x 104 x 104

gl
and BY — KD~ decays can be Lo — L0y
underestimated in simulation due to Belle I1

I B with D—>K(L)X

Belle II B B without D—K{X

B B without D—K{X

. Cs 08-_ f,Cdt::}(iQﬂ)'I Bl Continuum CS 0.8 —_ ._[‘Edt.:.‘}(jQﬂ)'l Bl Continuum
the poorly known fraction of D meson & | .. { Data 2 | b Data
. . O 2 0.6 AJW /777 Sim. stat. unc. 2 0.6 Sim. stat. unc.
decays involving K = | : = |
y 9 AL > ~
| - % 0.4 f:é 04
® Use sample enriched in pions to = T 0.2
' Ay ]
check the modeling & S
D 1.5
e Perform 3-components fit of qrzec to  Z|E L0 §=—-:~-r-*"’-"’-"""’""""""”:“’“““‘*""’”""”’”’i‘/% EJE 10 oo a St 7
. ny—_—_ opb o
find the scale for B - D — KB 0 > 10 15 0 ’ 10 .
decays Qe [G6V2/04] Qec [GeV2/64]

Scalingup B - D — KE decays by factor of 1.35 in simulation results in better agreement
=> Similar correction of 1.38 obtained in muon and electron enriched control samples

=>Scaleup B - D — KB decays by 1.3+0.1
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Validation of BB modeling: B —» D( — KgX)X

Pion enriched sample after correction

4
1.50 £
Belle 11 I B with DK X
_ 1.25 J £dt =3621b B B without D—KP X
g Bl Continuum
.8 Sim. stat. unc.
< 0.75
S
O
. 0.50
Well described! +/" k
0.25
0.00
O
'E o) S s SN o S L
5 - ! | ! | ! | !
0.92 0.94 0.96 0.98 1.00

n(BDT5)
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Validation of signal-like background

e Bt - KTKYKYcan mimic the signal and is poorly co
RD85, 112010] BT — KTKJKY to moc

e Use

5a

Bar |

D

nstrained

el BT — K+KEKB

e Model BT — K+K§K£ by using inputs from BT — K+K§)Kg and B — KgK+K_ decays

sPlot weights/(1 GeV?/c?)

50

40

Pull
-

30 |

10 |

20 |

Belle I1 I BT K 'KJKJ

J £dt=362fb" ¢ Data
/777, Sim. stat. unc.

| |2.5l B
M(KOKY) [GeV/c?]

sPlot weights/(1GeV?/c?)

Pull

50F  BelleII B K{¢
i [ Ldt=3621fb" B B'—K'KJ{K{ data
40 b B B°-K{K* K~ p-wave
i ¢ Data
30 — ‘ 7 ///7 Sim. stat. unc.
20 F 7
i |/
|
10}
0
will| | | | | ] |
Dr
O e N e e e -
_5 : I | 1 ] | I | | | I I I 1 1 1 I | | | | l

1.0 1.5 |2.OI N |2.5l N 13.Ol 3.9 4.0
M(K*+K ) [GeV/c?]

Good agreement
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.112010

Signal extraction

n(BDTy)
0.92 0.94 0.96 0.98 1.0
| | o . . . 9) 4000 _ ; —— —
Signal region divided into 4 bins of n(BDT,) and 3 bins of ¢.. - nen A
i cC 1 77
' : - 3000 | I B 55 [ B*—K* x50
Also fit off-resonance data to constrain continuum packground s - -
= : . s
.= M : :
. = 2000 LT . 5
24 bins in total: (BDT,) X gz, X [on/off res] E H—
4 bins 3 bins 2 bins O — ; :
: TPNT - - : 1000 : s :
Binned likelihood fit with one signal and 7 background components —
® Poisson uncertainties for data counts "1 4 s 51 4 8 2311 4 8 251 4 8 25

¢z [GeV?/ct]

® Systematic uncertainties included in the fit as predicted rate

modifiers with Gaussian likelihoods 193 nuisance parameters and
the parameter of interest:

e Simulated sample size uncertainties are included as nuisance signal strength u = BR/BKy,,,
parameters, per each bin and each fit category with BRg,, = 4.97 X 1070

(B — ©( —» KU)v treated as
background)




Systematics

Source Uncertainty Impact on o,
size

Normalization of BB background 50% 0.90
Normalization of continuum background 50% 0.10
Leading B-decay branching fractions O(1%) 0.22
Branching fraction for Bt - KTK K} 20% 0.49
p-wave component for BT - KTKJK? 30% 0.02
Branching fraction for B — D** 50% 0.42
Branching fraction for BT — Knn 100% 0.20
Branching fraction for D — K7 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 0.5% 0.08
Hadronic energy 10% 0.37
K? efficiency in ECL 8.5% 0.22
Signal SM form factors O(1%) 0.02
Global signal efficiency 3% 0.03
Simulated-sample size O(1%) 0.52

Statistical uncertainty on ;1 is 1.0

For the hadronic-tag, use similar set of
systematic uncertainties.

Dominant are background
normalization, simulation statistics, and
systematic on mismodeling of photon
multiplicity in the rest of event..
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Closure test

Measure known decay mode to validate the method

Minimally adapt B+— K+vv to measure BF(B+— 7+KY)
B+—=7+KO has similar branching fraction to SM B+—=K+yv

BF(B+— 7+K%) = (2.5 £ 0.5) x 10-5
consistent with PDG [ (2.38 = 0.08) x 10-3 ]

Test passed
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Pull

1000 p

800

600 |

400 |

200

Bt —xt KV
: 030
i Belle II B'B
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i Bl Continuum
/)
B ¢ Data
n(BDT,)>0.98 72777 Sim. stat. unc.
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Results




Candidates

Pull

Inclusive tag results

n(BDTy) n(BDT),)
0.92 0.94 0.96 0.98 L0 0.92 0.94 0.96 0.98 1.0
300 ' ' '
3000
Belle I | Belle II :
J £dt=(362+42)fb . [Ldt=(362+42)fb! WM B —K"up
200 ' % e ; s
: 5 2000 B+ RB-
Bl Continuum 1= B Continuum
¢ —Da.t.a. % ¢ Data
100 ' O 1000 ;
0 0 —r .
O : DT
0 E___.,----__._..::_._._.. ““““““ e---------é...-_-_---_-._—-m- 'E 0 E_______-____‘_________-!_____.____..._____,-_-__g--_--_____;._-__J:‘-___-
i . . aw : : : -
_5 N | | 1 | | 1 | | 1 | | _5 n | | 1 | | 1 | | 1 | |
1 4 8 25F1 4 8 2541 4 8 25k1 4 8 25 1 4 8 2501 4 8 2501 4 8 25k1 4 8 25
Grec |GEV? /] Grec [GEV? /1]
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Candidates

Pull

Inclusive tag results

0.92 0.9¢ 77(T2> oo i BDT5
300 u = 5.4 = 1.0(stat) = 1.1(syst)

0.98 1.0

Il/t — BR/BRSM fh-1 -: BT —>K'tuvp
200 Bo.ﬁo
|BR(B* — K*wp) = [2.8 £ 0.5(stat) + 0.5(sys)] X 10| m contmun
¢ Data
100 :

#iSignificance of excess wrt null hypothesis 3.56

Significance of excess wrt SM 2.90

First evidence of BT — K vt

-------------------------

1 1 1 1

8 251 4 8 25

A

Grec |(GEV?/ ] Grec (GEVZ /1]
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Hadronic tag results

U = 2.2f%:§(stat)ﬂz?(syst)

BR(B* — K*wp) = [1.11)(stat)*)-S(syst)] X 107

—0.38

Significance wrt null hypothesis 1.1o

Significance wrt SM 0.60
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Inclusive tag post-fit distributions

Full signal region:

Most sensitive n(BDT,) bin:

Candidates/0.01

Pull

5000 F Belle II B K
- f[,dt=3(-)'2 fhl ] BORBO
4000 _—_ m BTB-
B Continuum
3000 [ ¢ Data
2000
1000
0
ST
e
_ - 1 1 1 1 1 | .
0.92 0.94 0.96 0.98 1.00
n(BDT5)
250 Belle IT B B K i
LS [ L£dt=362fb! 0 BB’
S 200 f mm B B-
g i B Continuum
} 150 E ¢ Data
% D
e L
< [
< 100
g [
= ]
O 90
0
5 -
T o
al -
_ 5t . | | |
0.980 0.985 0.990 0.995

L

n(BDT?)

1.000

2000 |

—_
Ot
-
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Candidates/(1 GeV?/c?)
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b 4 | Ldt=362fb! 1 BB
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- ¢ B Continuum
$ Data
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¢ Data

ot
-]

-
Ot
[S—
-
[—
(@
DO
-

39



Hadronic tag post-fit distributions

Full signal region:

%\ 503311 II B B K ‘tup > 1007
>~ gt — 369 f] _ > - Belle II B B K tup
% 40 __f Gr T ebeb [ B_B @) %ii [ Ldt=362fb"! 1 BB
&) ; > e 3 e
XN 30 - -+ ull, dd, 3 = 60 F B i, dd, s5
— Data g I L
gg 20 Sim. stat. unc g - : * Pa.t.a.
+ ) DA PR = , Sim. stat. unc.
EEN s
<= 10§ o
= | S
@, () : : QO 0
— O 5.
Y = 0f
aw pE A _5 : . | . , | | 1 , | : .
0 4 3 12 16 20 24 28 0.0 0.1 0.2 0.3 0.4 0.5 0.6
q° GeV?/ct Fextra |GeV]
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Stability checks

Split the sample into pairs of statistically independent datasets

Inclusive tag Hadronic tag
Belle II JLdt=(362+42) b1 | Belle II JLdt=362fb" ‘
- Dataset > July 2021/ < July 2021 I

|
;
R | i

Hmiss /21.5 - * DataSet /<July 2021 | i

-Pr <1.5GeV/c I I

OE /21.5GeV/c |
" " - <1.5
N <6 Ormis: > 15 .b"__l.'
N,y /26 ' miss /_ 1.5 : :

i i i
B Nlept.ons g 0/ =0 I :
. ' - cos(0k) <U%2/ 0.2 _‘El—\
_Ntracks <()/26 | | ( ) /_ : |
L cos(0 ) <0.22 | | | |
b( K) /20.22 | |—|-o—l . |
N | - L\ charge /— : |
- I\ charge /— : : :
| | | |
 ——
- Sum(charges) *%/ _ : ,_i.._. : :
PR R R R SN TN TN AN SN S SN S S T S S T S S N T S, S PR T T T SN T SR SN AN S S S S T R S T S S N S S, S
—15 —10 —d 0 D 10 —15 —10 —d 0 5) 10
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Combination

e Consistency between two methods 15.0p ‘
: Belle II SM
e Events from hadronic tag represent only 2% of 12.5 J Ldt= (362 + 42) fb! —— HIA
events in the inclusive tag signal region —~ — ITA
g 10.0 E —— (Combination
® [or the combination, correlations among i l
common systematic uncertainties included < 75 F
and common data events excluded from the B0 -
inclusive tag sample = 50
| s
2.5 /
OO \ | |
0 2 4 6
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Combination

® (Consistency bet > = 46+ 100( stat) + ().9(SySt) SM
—— HTA
—— ITA

— (Combination

® [vents from had

events in the inc U= BR/BRSM

® [or the combina
common syste
and common de
inclusive tag sa

BR(B* — K*vi) = [2.3 £0.5(stat) )2 (syst)] x 107

Significance of excess wrt null hypothesis 3.5¢0

Significance of excess wrt SM 2.7¢ /

First evidence of B™ —» KTui!
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Current experimental status

A

o OM ﬁ}[f}l"(‘g(* *home cooked compariso
e Belle II (362 fb'!, combined)
| 2.3+ 0.7 This analysis
| _ |
l Belle II (362 fb!, hadronic)

[.1 4+ 1.1 This analysis

Belle II (362 fb!, inclusive)

2.74 0.7 This analysis

Belle IT (63 b, inclusive)

.94+ 1.5 PRL127. 181802

Belle (711 fb!, semileptonic)

1.04+0.6 PRDY96, 091101

Belle (711 fb™!, hadronic)

2941.6 PRDS87, 111103

BABAR (418 fb'!, semileptonic)

0.2+40.8 PRD82, 112002

BABAR (429 fb!, hadronic)

1.541.3 PRDS87, 112005

| | I | ] ] I ] | |

6 3 10

10° x Br(BT™—K " vp)
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Summary

e Belle Il @ SuperKEKB offers unique experimental environment to probe new physics in an indirect way

e About 500 fb-1 collected at Y(4S) which corresponds to ~500M BB pairs

e A small fraction of results obtained with Run 1 dataset is shown today
® \\orld-leading results even with smaller dataset than expected
® Unigue for Belle Il measurements

e First evidence of B — K vv decay

45






SELECTION: INCLUSIVE TAG

Tracks

- 4 < Ntracks < 10

- |dr| < 0.5 cm, |dz| < 3 cm

- pt> 0.1 GeV/c, E < 5.5 GeV

K*: NpxpHits > 0, 8 € CDC, Ncpchits > 20, kaonIlD > 0.9

ROE:
- K9%: ‘merged’ + 0.495 < m(sr+ar) < 0.500 GeV/c2 +
cosf(p, v) > 0.98 + flightTime > 0.007 ns + kFit > 0.001

-7: 0.1 <E <5.5GeV, 0 CDC
0.3 < O(Pmiss) < 2.8, Evisivie > 4 GeV

One B candidate per event with lowest g%, = s/4 + Mz — \/EE}?
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SELECTION:

Hadronic FEI skim requirements:

O

Qv G e ) )

At least 3 tracks with |dz| < 2cm, dr < 0.5cm and p, > 0.1 GeV/c
At least 3 ECL clusters with E < 0.1 GeV and 0.297 <86 < 2.62
E,.>4 GeV

Btog M, . > 5.20 GeV/c?

|Btog A |< 0.3 GeV

B, FEI probability > 0.001

Event requirements:

O

Less than 12 tracks with dr < 2cm, |dz| < 4cm

()
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SELECTION

K* signhal candidates requirements:
|dz| < 2cm and dr < 0.ocm
Track in CDC acceptance (17° <6 <1/70°)
NCDCHits > 20
NPXDHits >0
KoaonID > 09

(1)

O O O O O

o B'-K'vvreconstructed from signal K* candidate

e Require right Bsig-Btog charge conjugation

e Additional requirement on tag-side applied at this stage: Btog M, > 9.2/ GeV/c?

e Requirements for missing energy. 0.3<0_. <2

o Sum of missing energy and momentum — input of final BDT
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SELECTION:

ROEh: deposits not associated with B,  nor B « Photons in ROEh:

(Rempty Ior stlgcr;gl ;\SSS) o E > (100, 60, 150) MeV for photons in
o econstructed in =g (FWD, Barrel, BWD)

o T from eff20_May2020
o KSO from stdKshorts o Acceptance within CDC

o Afrom stdLambads o Minimum distance-to-the-closest-track > 50 cm
e Multiplicity of all of the above requested to be 0

e Require 0°good tracks” in rest of event of B_ B
system (good track: dr < 2cm, |dz| < 4cm in CDC
acceptance, nCDC hits > 20)

o Tracks in ROEh not passing “good track®
selection — input of final BDT

tag

e Neutral Extra ECL clusters — input of final BDT
o dedicated extra photon cleaning (next slides)
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MVA CLASSIFIERS: INCLUSIVETAG

First, train
Then, restrict sample to high

BDT+ using 12 discriminating variables.

BD T4 values and train

BD T2 using 35 discriminating variables.

Parameter Value
Number of trees 2000

Tree depth 2/3 (BDT,/2)
Shrinkage 0.2

Sampling rate 0.5

Number of equal-frequency bins 256

Variables related to the D°/D™ suppression

DO candidates are obtained by fitting the kaon candidate
track and each track of opposite charge in the ROE to
a common vertex; DT candidates are obtained by fitting
the kaon candidate track and two ROE tracks of appro-
priate charges. In both cases, the best candidate is the

one having the best vertex fit quality.

e Radial distance between the best DT candidate

vertex and the IP (BDT,)

e x2 of the best D° candidate vertex fit and the best

D candidate vertex fit (BDT5)
e Mass of the best D° candidate (BDT5>)

e Median p-value of the vertex fits of the D° candi-

dates (BDT5)

et

Variables related to the entire event

e Number of charged lepton candidates (e* or u¥)
(BDT2)

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

e Square of the total charge of tracks in the event
(BDT>)

e Cosine of the polar angle of the thrust axis in the
c.m. (BDT;, BDT3)

e Harmonic moments with respect to the thrust axis
in the c.m. [44] (BDT;, BDT3)

e Modified Fox-Wolfram moments calculated in the
c.m. [45] (BDT,, BDT5)

e Polar angle of the missing three-momentum in the
C.1m. (BDTQ)

e Square of the missing invariant mass (BDT5)
e Event sphericity in the c.m. [43] (BDT5)

e Normalized Fox-Wolfram moments in the c.m. [44]
(BDT,, BDTj)

e Cosine of the angle between the momentum line of
the signal kaon track and the ROE thrust axis in
the c.m. (BDT;, BDT5)

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

SeccetmmmetERtT

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

e Two variables corresponding to the x, z compo-

nents of the vector from the average interaction
point to the ROE vertex (BDT,)

e p-value of the ROE vertex fit (BDT3)

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;, BDT53)

e 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;, BDT,)
R St anssR A

Variables related to the kaon candidate

e Radial distance between the POCA of the KT can-
didate track and the IP (BDT5)

e Cosine of the angle between the momentum line of

the signal kaon candidate and the z axis (BDT5)




MVA CLASSIFIERS: HADRONIC TAG

Train Single SDT using 12 variables e Sum of photon energy deposits in ECL in ROEh
Parameter Value e Number of tracks in ROEh

Number of trees 1300 e Sum of the missing energy and absolute missing
Tre.e depth 3 three-momentum vector

22:111111)11{13;1%: rate 8g3 o Agintluthal angle between the signal kaon and the
Number of equal-frequency bins 256 i M

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

ROEh

e Kakuno-Super-Fox-Wolfram moments H355, H{?,
Hg°

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

e p-value of By,

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

R SeethstatmmmREEEE




EFFICIENCIES

Signal efficiency [%)

Inspect signal efficiencies as a function of true generated g2

I I Statistical uncertainty
= | I

15 Belle II preliminary
. simulation
10 X ITA

D 5
0 i | | 1 1 | 1 e ] |_x

) S 3 REORN . T | ) S 0l P S [ o e . SR | ).

q° [GeV?/c?

0.6
= 0.0
é‘ )
2 0.4
KO
é 0.3 :
D
0.2
2 0.1

0.0

q* |GeV?/c*

Statistical uncertainty

T—-—[_‘—‘_._‘—.— 1 1

- Belle II preliminary

: simulation

s HTA
| | | I | I I l ' l

§ SEE S | T [ [ S || R ) Fe 7 G ] e b0 e | ) )
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LEPTON SIDEBANDS

Inclusive-tag analysis with lepton-enriched selection.

Candidates/(1 GeV?/c?*)

Pull

2.0

1.0

0.5 |

x 104

. Belle IT preliminary
1.5

[ Ldt=3621b"

PID(e)>0.9

B with D—>K; X

B without D—K; X
Continuum

Data

MC stat. unc.

Candidates/(1 GeV?/c*)

Pull

2.9

2.0 |
1.5
1.0 |

0.5}

x 104

Belle II preliminary
[ Ldt=362fb"!

PID(1)>0.9

I B with D—K; X
B B without D—K; X
B Continuum

¢ Data
7777 MC stat. unc.
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B™ — K™nii MODELING

BT — K™nn can mimic our signal.

https://arxiv.org/pdf/0707.1648.pdf shows an enhancement close to the pp production threshold in BY — K'pp.

=> Reweight phase space Mnnbar tO INCclude the enhancement

E 250 | | | | i B
=> Use BF of proper isospin partner B’ - Kopp scaled by Tz+/ T 2500FT - (a)
=
3r = 2.9x10-6 L%’ 150 *e- _
Keep 100% systematic due to 100

O Isospin violation effects

)
-

-

uncertainties in Mpppar Shape

|
W
-
rrprrrT
I

O
O presence of additional unmeasured baryonic states
O

modeling of n/7 in ECL 3 e e o0 e R


https://arxiv.org/pdf/0707.1648.pdf

VALIDATING B* — K"K} K. MODEL

The decay has not been measured

® KiKs pair is iIn CP-odd state: assume that
B+—=K*K1Ks decay has a rate as a p-wave
component of the isospin partner BO— KsK*K-

e UUse the same BaBar analysis as for Bt—= K+KsKs,
estimate the rate as a sum of B+—=K+@(— KrKs) and
D-wave non-resonant contribution

e \/alidate using Belle Il data; model s-wave
component using Belle Il data for B+— K+KsKs

50 F Belle II preliminary B Kgp"
i [ Ldt =3621fb! I B —K'TKJK? data
40 F B B KK+ K~ p-wave
I ¢ Data
30 :— % /77 MC stat. unc.

sPlot weights/(1GeV?/c?*)

Pull
-)

o N E T S SN R R
1.0 1.5 2.0 2.9 3.0 3.9 4.0

MK*K‘ [GGV/CZ]

56



