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SuperKEKB

Energy asymmetric e e "-collider in Tsukuba, Japan
°© /s =10.58 GeV— (Y(4S) — BB)+ nothing w/ & > 96 %
— clean B sample (on-resonance)

© \/E = 10.52 GeV — control sample to constrain continuum
backgrounds e*e™ — ¢g, where g = (u, d, s, ¢) (off-resonance)

O Other \/E

o Operating with continuous injection scheme

e+ 4 GeV 3.6 A |

New beam pipe SuperKE KB

¢ & bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ”
—_—
’

\ } < Positron source

New positron target /
capture section

Low emittance electrons
to inject
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SuperKEKB in not only a B-factory
© 7 and c pairs have high cross-section at \/E = 10.58 GeV

Comparison to KEKB

o With nano-beam scheme and upgraded rings SuperKEKB aims to
higher at cost of O(10) X higher backgrounds:

reach 30 x .

Iinst
o x 1.5 currents

o x 1/20 vertical beam size
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Belle II Detector

o Designed to give similar or better

performance at cost of O(10) X higher
Magnet

backgrounds

o Upgraded DAQ and trigger (higher readout
frequency + low multiplicity channels)

7 GeV electron Simulated e*e™ — u*u~ event with high

luminosity backgrounds (CDC x-y view)

EM Calorimeter (ECL)
CsI(TI) crystals

K1 and muon ID detectors
(KLM)
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00000

°°°°°

Slavomira Stefkova, 10.11.2022, Bonn 4 ﬂ(IT

Karlsruher Institut fur Technologie



Luminosity

Status 10 —— | %
._:_‘ — |_peak(Target)
o 363 fb-1(on-resonance) — (~1/2 Belle, ~ BaBar) ;o, 8 | [——m o 50
o 42 fb-1(off-resonance) 8
o ~90 % data-taking efficiency % ° T i
o Record-breaking &£, ., =4.7 x 103 cm=2s-! E 4 S,
o Highest daily integrated luminosity: 2.5 fb-1 5
" 2
Q
Belle Il Online luminosity 0 1
17.5 Foriagratad lGminaaity —T—" 2019 2024 2029 2034
— mm Recorded Weekly
B 150 f gt = 42779871 B}
B 125 [ 5 Prospects
5 g o Short-term plan:
8 . : o Now in long shutdown (LS1) until end of 2023:
% g o Full PXD installation
< 100 5 o New beampipe
. o Replacement of defect CDC readout boards
- o Replacement of 50% of barrel TOP PMTs
o Long-term plan: LS2, final goal: &£, = 50 ab—!
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Performance

EDATA

Good flavour tagger performance
EPJC 82, 283 (2022)
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K ID Efficiency/nt mis-ID rate

Good particle identification
[BELLE2-NOTE-PL-2020-024]

AR iy

A KIDefficiency (data)
- A KIDefficiency (MC)

O
©

—

06__ ................. .................. .................. ............ Bellellpreliminary ......
T T T T O 11 -1 R B

e I
vy =« mis-ID rate (data) ?

| 14 . ' | | .
- v nmis-IDrate (MC) |
0.2 T e — SRS S—
- Bv, AA/ 3 S AAMAAAAAAL
B A A AR M

| | | L1 1 1 | L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 l L1 1 1 | L1 1 1 | |
005 1 15 2 25 3 35 4 45
Momentum [GeV/c]

|IBELLE2-NOTE-PL-2022-003]

g  Belle Il (Preliminary) + Jy-utus

o 16 B - i R R

- i B 4+ ete"-efeutu

o ., | [Ldt= 190 fb 4+ etem-utu-y

g i KLM Barrel '+' Kg = nntn - mmis-IDx3

| 12} e*e~ - t*(1p)t¥(3p) - m mis-IDx3

5 (082 =6<222rad) D"+ - DOK-m*)* - K mis-IDx3

T 10}

| . g=$=.==. et & -

'C~ 0.8} =

U )

E, 06 _

.q:) s ——

S 04F

o) :

| 0.2 o

= 0.0 [ g} — — ............
1 2 3 4 5

p [GeV/c]

10°
10°

10

I Y N

*tagging power indicating the statistical precision of the sample = ¢,,,(1 — 2w)?

Most precise measurement of
D lifetimes

PRL 127, 211801 (2021)

Belle 11
| Ldr=72 "

¢ Data
— Fit

----- Background

i N. ii"' |

Decay time [ps]

12

SKIT

Karlsruher Institut fur Technologie


https://link.springer.com/article/10.1140/epjc/s10052-022-10180-9
https://arxiv.org/abs/2110.00790
https://arxiv.org/abs/2110.00790
https://docs.belle2.org/record/2604
https://docs.belle2.org/record/1558/files/b2n048_Moriond2021.pdf
https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Performance

Good flavour tagger performance Good particle identification Most - t of
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Rare B-decays with neutrinos at Belle I

Zeeman Building, Warwick University,
UK
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Key ingredients

Belle II:
o Hermetic detector with good ” N
performance
7/
Belle II Event:

o Cleaner environment (wrt LHCDb)

AVAll signal kaon track L , ,
| o Known initial state kinematics

Challenges of rare B-decays Challenges of channels with neutrinos
o High reconstruction efficiency + o Good understanding of the neutral objects
o Good MC modelling (2%, K;, K2, n,y)

o Choice of reconstruction approach
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Institut fur Technologi


https://arxiv.org/abs/2110.00790

Reconstruction

Exclusive Tagging Approach:

1. step: 53,/ , reconstruction in its semileptonic

(SL) or hadronic (HAD) decay chain

2. step: 5;, reconstruction

_|_

o Flavour constraint: 5,

— B sig
o Kinematically constrained system with

hadronic B, : P+ D)= = P pte- — P B-

fag ° fag
[ Higher intrinsic background rejection
[ Better resolution — analytical fits
[] Lower signal efficiency (<1%)
HAD (~ 0.04%) SL (~0.2%)
] Systematics (B, )

tag
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- Inclusive
-
5 S
m ° ° = 0
= Semileptonic G
=
LLl
Hadronic
10

Inclusive Tagging Approach:

1. step: 5;, reconstruction

2. step: Constrain the rest
of the event

[A Higher signal efficiency
[[] Lower intrinsic background
rejection

[] Worse resolution — binned fits

Other Approaches:
o ‘Semi-inclusive’ tagging

o Charm tagging
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Reconstruction

Inclusive Tagging Approach:

1. step: 5;, reconstruction

Exclusive Tagging Approach:

1. step: reconstruction in its semileptonic

(SL) or hadronic (HAD) decay chain
2. step: 5;, reconstruction

2. step: Constrain the rest
of the event

Higher sienal efficienc
o Flavour constraint: — Bs;g f?_f 8 8 y

[] Lower intrinsic background
o Kinematically constrained system with

rejection

hadronic D+ D= D pte- — ?B,;;g

[] Worse resolution — binned fits

[A Higher intrinsic background rejection Rare B-decay with neutrinos

[ Better resolution — analytical fits

[] Lower signal efficiency (<1%) Other Approaches:
HAD (~ 0.04%) SL (~0.2%) o ‘Semi-inclusive’ tagging
[] Systematics ( o Charm tagging

Best sensitivity : channel dependent, background dependent
Use of different approaches : systematical check due to orthogonality, combination savvy
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(Theoretical) Motivations
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Blackett Laboratory, Imperial College London,
UK
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Anomalies in b — sll transition

Exclusive b — sITl~ measurements: SM
o Single measurement: 3.1 o evidence of lepton flavour universality violation in R(K) R(gzz) KOutu-)
_B(B->K™utp
o Tensions also measured in angular observables of B — K*u™u~ " B(B > K®ete)
=1+ 0(1072)

o Global fits with prefer non-zero NI Wilson coefficients* C9 and/or C10 at > 40

q? € [1(1.1), 6] for R(K™)

. . o JHEP 2018, 93 (2018)
arXiv:2103.11769, arXiv:2110.09501 .
Ir T T T T T ! T T T T T T T T T T T T T P | B "' T T T 9“ [EP]C 81 (2021) 952]
& : ke DETE . "
i | BaBar 1.1 < ¢ < 6.0 GeV?/c* : |
0.1 < ¢*><8.12GeV/c* . R, Belle 1 i
0.045 < ¢* < 1.1 GeV/c*
: : T @
g " . Belle ) " : RA"" Belle ) Q ) _-- mmmes ATLAS
. 1.0 < q) <6.0 ch-/(.J é 1.0 < ([: <6.0GeV/ct ‘ Belle
: —1- i
: < 1.40 R, LHCb 9 fb’ - CMS
i 31 | : 0.045 < ¢? < 6.0 GeV/c* ' LHCb
- o.10 LHCb 9 fbr ; N —— Al Data
: 1.1 < ¢? < 6.0 GeV/c* <—> 1.50 Ry LHCb 9 fb’ :
: : 1.1 < g2 <6.0GeV/c* . ACDMN‘21
u | ' ' ' A l A A A ' | ' A i i 1 1 | i i i i 1 1 1 1 1 B e —
0.5 1 1.5 0 1 2 3 -3 -2 -1 &P 1 2 3
RK RKu'v CQIJ,

Complementarity of b — sI7l~ and b — svv transitions:
o In SM governed by the same form factors, but in b — svv absence of photon exchange — theoretically cleaner
o In SM neutrinos and left-handed charged leptons are related by SU(2); symmetry — within SM-EFT formalism
b — sl™l” and b — svv share Wilson coefficients

“In EFTs, the heavier degrees of freedom (i.e the loop) can be integrated

out and replaced with an effective coupling known as Wilson \‘ (IT
Slavomira Stefkova, 10.11.2022, Bonn 13 coefficient G =\
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SM and BSM extensions

v 4000 -
_ i Z
B — K(*)I/I/ decays in SM p}/qu{’{u . E gijiﬁrﬁﬁitorj
o FCNC transitions heavily suppressed in SM e |
dAB(B —- Kvv dAB(B - K*vp o g 2000 ]
© Observables : ( ), ( ) , F L(qz) , . ) = :
dg? dg? g ] Belle IT
o) 0, / ‘- / 1000 ‘simulation
where g© = M“(vD) Wff > ffw :
T == 05 10 15 20
BB+ — K*vb) in SM Q" [GeV?/c']
o BBt - K*vb) = (4.6 +0.5) x 107° [arxiv:606.00916] p
o SM g%(v) taken from [arXiv:1409.4557] _2'02"'""""""""""': W/@/<u
'§ 1.8:— Cornella et al. _ h—» > . s
L | [arxiv:2103.16558] ; U, G, ¢
Possible BSM extensions T ef :
o Axions [PRD 102, 015023 (2020)] = _ v v
: S 14 Consistent with -
o Dark Matter candidates [PRD 101, 095006 (2020) 2 | RD™) and b= suu ‘
o / [PL B 821 (2021) 1366071 QE 12:— anomalies - b ‘ .
o Leptoquarks [PRD 98, 055003 (2018)] m10:..11...1................ \&/
1.0 1.2 1.4 1.6 1.8 2.0

My, [TeV]
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B™ — K™vi : experimental status

All previous measurements with exclusive tagging approach:
o Best limit set by BaBar in 2013

o Limit ~ 10 higher than SM %(B* - K*vp)
o One of the Belle II's golden channel

: Observed limit on _1
Experiment Year BR(B* — K*up) Approach Data [fb™]
-5
' BABAR 2013 <1.6x10 SL + .Had 479
[Phys.Rev.D87,112005] tagging
-5
Belle 2013 <35 x 10 Had 711
[Phys.Rev.D87,111103(R)] tagging
<1.9x%x107 SL
711
Belle 2017 [Phys.Rev.D96,091101(R) ] tagging

Backgrounds

o Beam-backgrounds
o Luminosity Backgrounds
o Continuum Backgrounds

o B-backgrounds \‘(IT
Slavomira Stefkova, 10.11.2022, Bonn 15 A
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Search for BT — K vv decays
with inclusive tagging

[PRL 127, 181802 (2021)]
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II‘[CluSive t a g [PRL 127, 181802 (2021)]

Inclusive tag exploits distinct signal kinematics 0150 LAE=Ep —/s/2 (E* of second B meson)
Belle 11 g TN%eutralB
" 0.125 _ [ Charged B _
1. Reconstruct signal by selecting highest-p track in the event S 01001 — :
&) . — SS —
2. Reconstruct remaining tracks and clusters in the event (ROE)” > : i B 2
qa 0.075 _ EI dB(i—>K+yD -
X.l(.)_.z - ,§ ¢ Exp8, Run 3123 -
8 i Belle 11 I | é 0.050 : _
i [ Neutral B . o I
! B 3 Charged B l 0.025 |
42 - I cc . i
o 01 — = - 0.000 -
2| . _ . —4 -2 0 2 4 6 8
S | B dd - Main Backgrounds ROE AE [GeV]
= 4 1 B —K"ww _
S | ¢ Exp8 Run3123{ O Beam-backgrounds
é , : _ o Luminosity Backgrounds *Preselection:
- o Continuum Backgrounds o Tracks:
| ®0a 1 o B-backgrounds o py>0.1GeV/c © Clusters:
0, " , 3 m - o 0 €CDC, o £>0.1GeV/c
pr(K™) [GeV/c] o ldrl <0.5cm o 0 €CDC
o ldzl <3.0cm, o F<5.5GeV
o EF<5.5GeV
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Discriminating Vari ables [PRL 127, 181802 (2021)]

) ° ° ° ° 0.6 L L I e —1
3. Construct >100 discriminating variables Belle II =
0.5 eutra
@) @ Charged B
event tOpOIOgy 2 R1: Momentum m o _
O missing energy e 0.4 imbalance = :
. - higher for signal —
o vertex separation 2 0.3 because of 0 Bok'w ]
e . ¢ Exp 8, Run 3123 -
. . . = neutrinos ]
o signal kinematics c 0.2 :
g _
o 2/3 track vertices.... qa B(—KwV)B BB 0.1 ﬁ
\ I 0.0 ]
TN AT 00 01 02 03 04 05 0.6
%‘ %/ Fox-Wolfram Moment R,
Z¢ Y N
0.10 I:I L 38 ><10 I | : | T . 25 x10~2
T ] i . 1 ~ : i O B I L | — T N
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[ Charged B - i : I eutra ]
g 008 = - 96l S ChargedB;  20F , Dcandidate == Chargeds
5 S o | ) = — % ¢ 4709 B e
O B ss O B ss 8 - * B ss
G>J 0.00 B un . '*q>3 E ui = 1.5k I""'I..ll i B i ’
kS m dd s B dd i : . ad
o [ B"=K"w . S 1 B =K - i ° - [ B*—K*tww
S 0.04 ¢ FExp 8, Run 3123 - g . ] = - :
i B ] © I ¢ Exp 8, Run:3123 | _8 1.0 - . ¢ Exp8, Run 3123 ~
&
= 0.02 & 27 05
0-007 50 100 0 0055 1.0 1.5 2.0 2.5
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drx (Tag Vertex) [um] sphericity MK ™, rCpop) w/max x2(K ¥, r~) [GeV/c?]
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N e Ste d B DTS [PRL 127, 181802 (2021)]

4. Minimise the background contamination with two nested BDTs using 51 input variables
o 51 variables : good data/MC modelling and w/ o loss of performance

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

O
o BDT; is trained with the same set of variables but only on events with BDT1 > 0.9 (~ 28% &)
o Boosting of statistics in signal region — improvement of signal purity of 35% @ 4% &sig

0.5F BDT, > 0.9

L
N
o1

I o atati ar fmme A7 £ —11 E B T ] T T T T ] 1
| Expectation for 63 fb | o~ 0.5 " Expectation for 63 b //\ 25 N
I 00**** % | ..o°. o] —
0-4 B veo® .o.o.‘ .0. i 20 5’ O 4 ~\~\ ....oooo h 20 53
m - .......oo o: g m \\\\\\ ......oo g
N 'Y D TS<o e0®®
+ 0.3f. o 115 .= + 0.3} it 115 .8
_____ U ° \\\ o p==i
E IS -T PXE I
~~~~~~ ] IS o
soaf T 10 2 S -
N I \\~\ ] i N i \\\ ]
B Belle 11 \\\\ i CU i Belle II \\\ CU
0.1 N N 15 & 0.1F . 15 o
simulation SQ - simulation AN
I RN ] @ i AN b)
B \\ | or= : \\: o i
0.0 T B B T B 0 @p) ooL—— o ~ v Wl N
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Lower threshold on BDT; output Lower threshold on BDT, output
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Improvement of Continuum Modelling

[PRL 127, 181802 (2021)]

5. Improve continuum modelling
o Additional BDT. is trained on events with BDT; > 0.9 in order to correct mis-modelling of continuum simulation:

o Signal = off-resonance data, background = continuum simulation

o Continuum simulation events are reweighted with —£—, where p = BDT. output

I=p
o After reweighting significant improvement for all input variables
o Method taken from J. Phys.: Conf. Ser. 368 012028:

%\ b7 — x 103 «103
I [Z1 Data (train ] _IIIII:IT?_ —Bll IIIIIIIIIIII.II.IIII||:|IT; _
Dl nen [ Simulation (train) | il /%ﬁl:lffbu Before reweighting = = | 4 ra—om 1 Afterreweighting = .
= 4 "R" . . ] i ] _
s I / L dt—9h-! ® Simulation (test) ] [
g : A\ | 3 P
3 S ; 5
- . O D
g ! LE 2 i [
- 2 — 1
0p) - [
Q 1 ;
= 1 0 )
< S 1.5¢ =
g lan e sl g 1.0y g
0.0 0.2 ‘QU 05 - A

BDT,
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Validation I

[PRL 127, 181802 (2021)]

6. Validation with control channel BT — J/w( - u u")K™

o Used because of high 9 and clean signature

o Validation for both signal and B-backgrounds!

o Excellent agreement — for BDT> > 0.95
data/MC=1.06 +0 .10

Signal-like B* — J/w( - u " u)K* =B* — J/y( —>}/’}/‘)K+
1. Reconstruct BT — J/w( = utu K™

2. Ignore dimuon from J/y to mimic missing energy
3. Replace four-momenta of K™ by that of the signal to mimic
3-body kinematics

Slavomira Stefkova, 10.11.2022, Bonn 21

Events / 0.05

2000

Background proxy

Belle 11
J£dt =63

/ 200
15
1500 | g 150

2100

5
1000 z o0
0

500

NN N NN N

BT Kt vy MC

0.0 0.2

0.4

0.0 902 04 0.6 0.8
BDT

B —=K*J/y,,+,- MC
Bt —K*J/4_, - MC

,(BDT; > 0.9)

0.6
BDT,

1.0

¢ BT—=K"J/¢,,+,-Data| -
¢ BT=K*J/y_,+, Data

Signal proxy
1. remove dimuon
2. mimic 3-body
kinematics

Signal

P~ S W .

0.8 1.0
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Fit region

[PRL 127, 181802 (2021)]

o Identity

7. Fitting variables and measurement region selection
with BDT2 output at maximum FOM

o Bin further in 2D : p;(K) X BDT> to maximise sensitivity
o Fit region =24 bins in p;(K) X BDT>

o 12 bins (on-resonance)
o 12 bins (off-resonance)

BDT1 > O 9 | - rr
0-5 : EXpectatlon for 63 fb 1 / f\- 25
0.4: ;~\\~ .....o'ooooo _: 20
m \\\\\\\\\ ooo.o".... .:
+ 0.3 — .....,.Itt:\\\ 115
P —.o°'°. \\\\\ J
> . _
~— O 2 B \\\\ —_ ]_O
7p) _ . :
- Belle 11 ~ :
01fF R
I simulation . ]
0.0 I T S S SR DN 0
0.5 0.6 0.7 0.8 0.9 1.0

Lower threshold on BDT, output

Slavomira Stefkova, 10.11.2022, Bonn

Signal efficiency [%]

1.00,

0.99

Belle 11
simulation

0.98

BDT,

0.97

0.967

0-99 5 1.0 1.5 2.0 2.5 3.0 3.5
pr (K7) [GeV/c]
Region 2D Bin Boundary Definition Physics Processes \V/S
Signal pr(K*) € [0.5,2.0,2.4, 3.5] GeV/c signal + T (4S)
Region (SR) BDT, € [0.95,0.97,0.99, 1.0] all backgrounds

Control pr(K™) € [0.5,2.0,2.4,3.5] GeV/c signal + T (4S)
Region 1 (CR1) BDT, € [0.93,0.95] all backgrounds

Control pr(KT) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance
Region 2 (CR2) BDT, € [0.95,0.97,0.99, 1.0] backgrounds (—60 MeV/c?)

Control pr(K*) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance
Region 3 (CR3) BDT, € [0.93,0.95] backgrounds (—60 MeV/c?)

With only 1/10 &, , inclusive tagging approach achieved 20 X higher
signal efficiency (~ 4%) compared to tagged reconstruction approach of
previous experiments

22
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Validation II [PRL 127, 181802 (2021)]

8. Validation between off-resonance data and continuum simulation in fitting variables p,(K) X BDT>
o Very good agreement in shape

o Large normalisation discrepancy: Data/MC =1.40 + 0.12

60 | B Ill iI, | | | , | | | , II:|I j |
B /ﬁ(i:gfblé I cc ]..OO
; — = 10 11 12
0.99
e —1
5 — 7 8 9
> ¢
s 2 0.97
% 4 5 6
0.95
o 1.5 1 [ |; [ L r | -
% 1.0 ; ......... ——__ ............................ _ 1 2 3
8 0.5 & 5 S —— 5 [z 0.93
1 7 8 9 10 11 12 0.5 2.0 2.4 3.5
pr(K*)xBDT, bins pr(KT)[GeV/c]
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StatiStiC al mo del [PRL 127, 181802 (2021)]

9. Set-up binned fit using HistFactory statistical model
o Likelihood based on HistFactory formalism implemented with pyhf + cross-check with sghf: simplified Gaussian model

o Signal and background templates from MC

o Separate templates for all backgrounds: mixed B, charged B, c¢, uii, ss, dd, =t

o All systematics included via nuisance parameters:

O

O O O O O

O

o Total number of fit parameters: reregions bebins
o 175 nuisance parameters ¢
o 1 parameter of interest (signal strength=g) multiple regions

¥l

alfferentlable
Yikelihoods

background normalisation uncertainty

tracking inetficiency

neutral energy mis-calibration for photons

neutral energy mis-calibration for unmatched photons

uncertainty on PID correction due to limited statistics

uncertainty on branching fractions of leading background processes

uncertainty on SM form factor (n,aln,y) = Pois(n., | v,.(n, ¢ la,

T

Simultaneous measurements of

A

© 1 ﬂ — SM '%(B-l- — K+V17) — (4°6 i 0°5) X 10_6 n = parameter of interest Constraints

Slavomira Stefkova, 10.11.2022, Bonn 24 ‘(IT
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StatiStiC al mo del [PRL 127, 181802 (2021)]

9. Set-up binned fit using HistFactory statistical model
o Likelihood based on HistFactory formalism implemented with pyhf + cross-check with sghf: simplified Gaussian model

o Signal and background templates from MC

600 .PI.‘e-_.flt.

SR

TT
Neutral B
Charged B

CC

CR3

Belle 11
Jcdt= (63 +9) b -

Events
N
()
O

SS

uu

dd

BT -Ktww
Data

o O1 O

Pull

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
pt(K™) x BDT, bins
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Fit Validation [PRL 127, 181802 (2021)]

° ° 40 7177
10. Perform Fit Bias Check 350 ——————————————————————— D :
. ) L Belle II T peg=1,p=—-0.04, 0,=0.99 ] i M L
o Used because of high 98 and clean signature 300 F simulation 1 juu =5, P= — 0.07, 0, =101 - 30F ¢ p=50 PO
” - E 1 pse=20,p=—0.11, 0,=1.01 E : : tsig = 20.0 T ]
o Generate toys with signal strength y =1,5,20 , 250¢ e : 20| g _
Heir — Hinj D 200k 1 & Z
and check pulls = " g7 | % 10f _
Ou o 150 F 1< |
: 1] : : : elle :
o Results: 0 bias, expected y recovered, very 100 | g °f sanlaton
good agreement between pyhf and sghf 50 | pyht 1 10 -
O ;IE I : : | | | | | |
4 2 0 2 ¢ 72207 S10 0 10 20 30 40
P= (K — Hsig) /T4 p(pyhf)
- e e e e e | 120_ I I I ! I I I ! I I I !
3500 F —— Asymptotic x2__,, - : —— Asymptotic xg,, _» _
- —— Data, p-value=68% ] 100 - —— Fit to data, p-value=73%
1 Toys : 20 I [ Toys
(dp) - p] B 7] ° oeq o
kS | 2 | 11. Check Data-Model Compatibility
& Belle I : = 60f Belle II - _ : .
I Jedi=(63+9) b g Jear=ron™ o Generate toys and check fit quality
i 40 —
| o Results: p-value shows good data model
20 s
_ | PYRE compatibility for both pyhf and sghf
, 50 %0 20 40 60 80
X —2log(L) — min,. (—2log(L))

Slavomira Stefkova, 10.11.2022, Bonn 26 A\‘(IT

Karlsruher Institut fur Technologie


https://arxiv.org/abs/2110.00790
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

[PRL 127, 181802 (2021)]

Fit results

12. Perform simultaneous ML fit to p(K™") X BDT, to extract signal strength u

o p =422 (stat)t1o(syst) = 4.2%37

o Limitof 4.1 X 10> @90 C.L. — competitive with only 63 fb-1
o Leading systematic: background normalisation

— no significant signal is observed

N 10-3
X
_|_ 35 [ T
~< :
T 1 3.0 _ % © © Q;o Q;Q Q;Q Qja_
+ - Q Q Q
n° | el s NS T G
On-resonance data = 75| SR Y G G T S U
Q ©° i ‘v Vv ‘v . . . V)
+~ O i A e xV e s
- Purity:6% - =9 0t . _
0.93<BDT»<0.9510.95<BDT»<0.97:0.97<BDT»<0.99: 0.99<BDT, ] VT ' ]é lll Ii — 1T T T 1 1 = © i N Belle 11
| : : eHe ---- Expected ] 5 [ N simulation he
400 SRligr E?elle 1 o - 0.8k /L dt=(63+9)fb~" mmm Expected+lo - g 1.5 ) “\,‘b pyhl
- —_ : [Ldt=(63+9)fb O[3 B fodion - L | | | | | | | | |
B B" K vy A D - —— (Observed M 5 55 CD g .cﬂ) o, ot 8
n 300 - = 06 L i 5 ¢ o B 2 T+ Z
i [ Neutral B T@ 07 S o O g g " @ I
EJ I Charged B | > . * v 4:3_ > = E 2 :
) _ i @ . e
¢ Data O - N T 3 9 + 2 = 5
: _ Expected: 2.3x107° - = &5 g =3
. . . —5 1 =
100 : scaled by 2 . 0.2 Observed: 4.1x107° ] 2, - -% g
1 <= o
— +2.9 +1.8 - o, >
u = 4.275(stat) " ¢(syst) . N 1x107° :
O 0.0 e e R n  T——l Tt . | I
0.5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.5/0.52.0 2.4 3.5 2 4 § 3 Errors

pr(K™)[GeV/c]
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B* — K"vw branching fraction
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What WwWe learnt from fit? [PRL 127, 181802 (2021)]

1. c¢c, s§ continuum backgrounds are pulled up by 40%

Fh —— -
Belle 11

BY ——— -

2. Inclusive tag approach shows the best performance i
Jedt=(63+9)b"

1. 3.5 better than HAD tag
2. 20% better than SL Belle tag
3. 10% better than HAD and SL tag

S

— e ——

SS__ - —
-

uu

Background source

3. BSM B —» K*v already with 1 ab-! - sghf
_I_l.._l_
—1.0 —0.5 0.0 0.5 1.0
SM  Average Normalisation shift
. . 1.14+0.4
~— Tt - - - T - - T T - - T T
| - .
L Belle II (63 fb !, Inclusive) . 1.00
: 1.971% PRL127, 181802 Ml 0.00 0.00 -0.00 -0.01 -0.02 0.01 -0.00
: 1 0.04 0.00 -0.00 0.05 -0.14 -0.72.-0.00 075
Belle (711 tb™, SL) . 0.50
: 1.0£0.6 PRD96, 091101 Wl 052 0.01 0.02 0.08 -0.16.—0.72 0.01
' —1 Ml 019 -0.10 -0.30 -0.75 0.16 -0.14 -0.02 025
| . Belle (711 fb~', Had) Mot 010 020 075 016 014 o
' 3.0+1.6 PRD87, 111103 0.00
: M 0.18 -0.04 -0.18.-0.75 0.08 0.05 -0.01
—-0.25
: Babar (429 fb_l’ Had+ SL) . 0.08 -0.01.-0.18 .0.30 0.02 -0.00 -0.00 -
0.84+0.7 PRD87, 112005 —0.
.: . I . ! ! I ! ! ! I ! ! ! I . . . sl 0.01 .-0.01 -0.04 -0.10 0.01 0.00 0.00
—0.75
O 2 4 6 8 ]-O - 0.01 -0.08 -0.18 0.19 -0.52 0.04 -0.00
—1.00
105 X BI.(B—I— >K -+ VD) B pdd Hua  Hss Moz Hehg fmxd e
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Prospects

Hochhaus, KIT, Germany
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Prospects in Belle 11

[PRL 127, 181802 (2021)]

Belle Il snowmass paper : 2 scenarios baseline (improved™)

Uncertainties on the signal strength u
Decay lab™" 5ab™" 10ab™" 50ab™"

BT — K*tvp  0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)

B —» K3  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40) ©

Bt — K*tvp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38) 0

B° — K*%vp 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23) 0
30 (50) for SM BT — K v with 5 ab-1 Z

Prospects in Belle II

o What we want to measure:

Other channels
Ditferential measurements
Inclusive measurement X
Measurement of Fp

BSM measurements

o How to get there faster?

O

O
We are here

| ;

Measurements : Limit — 9 — Angular Observables — Ratios

Reduce biggest systematics
Combine all tagging approaches
Combining more channels

*The "improved" scenario assumes a 50% increase in signal
efficiency for the same background level
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https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Re-(interpretations)

[PRL 127, 181802 (2021)]

Partial reinterpretation can be done as Belle II publishes ¢

O

O

O

O

. 2.
ic s a function of ¢~

Reminder: default signal model — PHSP model with SM form factor reweighting [arXiv:1409.4557]
At low g* maximum signal efficiency of 13%
No sensitivity for g> > 16 GeV-/c?

All public plots at HEPData

For full re-(interpretation):
o Provide full likelihood

Entries

4000 ———
3000 |

2000 f

1000

gBelle 11

“simulation

—71 - - - - 1 - - - T
Phase space

I SM form factor _

0 D
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Conclusion

Belle I1
o is accumulating high quality data

o is well suited to study rare B-decays with (multiple) neutrinos ST
. . .. . Experiment Year rver . St oon Approach | Data[fb™']
o will provide competitive and independent checks of b — sll channels BR(" ~ K*u7)
. <1.6x107 SL + Had
where anomalies were reported BABAR | 2013 | < 0n T eos | tmemine | 4
Belle 2013 <5107 Had 711
[Phys.Rev.D87,111103(R)] tagging
Rare B-decays with neutrinos are challenging but fun! ette | 2017 <19% 107 sL o
. . . . [Phys.Rev.D96,091101(R)] tagging
o b — sll transitions are heavily suppressed in SM ——
- (oo ] aom | <ot ] @
o BSM can change this \ 99 :

o Next stop is measurement of %

Belle II made its first footprint with search for B™ — K vv decays
o first Belle II B-physics paper
o employing novel inclusive tagging approach
o highly competitive limit with “only” 1/10 of previous B-factory
dataset
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Globe, CERN, Geneva, Switzerland
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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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Belle II vs LHCDb

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

ST
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Belle II vs LHCDb

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™"

=XIT
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Belle II Detector

o Designed to give similar or better
erformance at cost of O(10) X higher
backgrounds

o Upgraded DAQ and trigger (higher readout
frequency + low multiplicity channels)

Magnet
1.5 Ts

7 GeV electron

Simulated e"e™ — uTu~ event with high

EM Calorimeter (ECL) luminosity backgrounds (CDC x-y view)
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Belle II Detector

o Designed to give similar or better

Magnet
1.5 Ts

performance at cost of O(10) X higher

backgrounds
o Upgraded DAQ and trigger (higher readout
frequency + low multiplicity channels)

7 GeV electron

Simulated e*e™ — u*u~ event with high
luminosity backgrounds (CDC x-y view)

4 GeV positron

0%
oooooo

K1 and muon ID detectors
Resistive

vlate chambers

oo
OOOOO

°°°°°
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Experimental Summary

Observable SM Experiment | Observed 90% CL Reconstruction Data
expectation approach [fb~1]
B(BT— K*tvi) | (4.64+0.5) x 107° [17| Belle 11 <4.1x107° Inclusive tag [SS21a] 63
BaBar <1.6x107° SL and HAD tag [12| | 429
Belle <5.5x%x107° Hadronic tag [11] 711
Belle <19x107° Semileptonic tag [10] | 711
B(B°— K%w) | (4.3+0.5) x 107° [17] BaBar < 4.9 x107° SL and HAD tag [12] | 429
B(B°— K%vv) Belle <9.7x107° Hadronic tag [11] 711
B(BY— Kvv) Belle <13x107° Semileptonic tag [10] | 711
B(Bt— K*Tvp) | (8.441.5) x 107° [17] BaBar < 6.3 x107° SL and HAD tag [12] | 429
B(Bt— K*tvv) Belle <4.0x107° Hadronic tag [11] 711
B(Bt— K*tvb) Belle <6.1x107° Semileptonic tag [10] | 711
B(B°— K*°vi) | (7.8+1.4) x 1076 [17] BaBar <12.0 x 107° SL and HAD tag [12] | 429
B(B° — K*up) Belle < 55x107° Hadronic tag [11] 711
B(B°— K*%up) Belle <1.8x107° Semileptonic tag [10] | 711
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Neutral Particles

To take advantage of the “clean event’ need to reconstruct every particle possible!

70 K,,K.n,y Signal Identification
o y = cluster in ECL that are not associated to a track o If signal has 7', K, : need to have high reconstruction
o K;,n = cluster in KLM and ECL that is not associated to a track efficiency and good resolution
o n’=yy
o K,=ntn" or n’z"

ROE / Tagged Reconstruction
o Missing energy related variables (all particles that are
Background Rejection not associated to signal /and By,) often used as
o Large fraction of B-decay products have z' in its decay chain discriminating variables/fitting variables
o If K;,n’s interact with atomic nuclei in ECL and KLM, then o If K;,n’s do not interact with atomic nuclei in ECL and
need to devise vetos KLM, potential tfakes for invisible particles

Slavomira Stefkova, 10.11.2022, Bonn 40 A\‘(IT
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Full Event Interpretation (FEI)

FEI is an M VA tagging algorithm which reconstructs
with 200 BDTs ~ 10000 decay chains

‘ Tracks | Displaced Vertices  Neutral Clusters ‘

-

¢

A

K2

[Comput. Softw. Big. Sci. (2019) 3: 6 ]

In Belle, FEI achieves up x 2
higher reconstruction efficiency
— Belle II expects improvements

MC tag-side efficiency @ 10% purity

Had. BT/B [%]

SL. B*/BY [%]

Full Reconstruction Belle 0.28/0.18 0.67/0.63
FEI Belle 0.76/0.46 1.80/2.04
N of correct Bigg per 1 fb~! in Belle (FEI) 8350/5060 19800/22440
Slavomira Stefkova, 10.11.2022, Bonn 41

(Data-MC)/MC

Events / (0.0010 GeV/c?)

Candidates / (0.05)
o
(06]
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Lol [rdt=346f"1
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Bl Continuum
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| ¢ Data
2.0
i NBtEg =84907 £ 734

1.5__ ptag>o.1
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. I Continuum & mis-reconstructed

[rdt=34.6fb1

*
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Overtraining
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ackground Composition In SR

e B'BY signal side: e B'BY tag side:

B’—=D*(2010) 7 t7 7" x°
B’ -D rn*

B’—D*(2010) "7t v

B’-»D K"K’
B’—D*(2010) ~a,(1260) *
B'—=D et r.(y)

B'-»D K~

B'—D pu* ()
B’ =D e u.(y)

B'—D Kt K" \ / / BY—D*(2010) ~ 1 * 1, (7)
B’ K *(892) Dt —m8 —— \ /

BY—D* (2010 .
BY—sp(770) D * ya (2010) "¢ v ()

B’—D*(2010) " K~

7

0 -+
/B—>D7r

T~—B'D K+

N

others

Belle I1
simulation

¢ B¥B™ signal side:

B+—>D 2007)0H+V (,.Y) B+—>K+KOK0
BT —D*(2007)% " 1 (7)
\ B+—>D06+Ve(7)

S

Bt DK™+

BT —=D*(2007)°K *
—

BY =Dt ——

_ / _
B+—>D*(2007)07r7 BT D% v,(v)
BT =1y,
others /
Belle 1T
simulation
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——B'=D utu,(v)

others— ¥ _
——B"=D*(2010) " v,(y)

/

B’—D*(2010) ~e " v.(7)

Belle 11
simulation

e BtB~ tag side:

*—p(770) "
B+—>D (2010 +7r°7r+7r
B+ —D?* D*(2007)°
B+—>D 2007 a1 1260)
B+—>D 2007
B+—>7r 7r I o
/B+—>D°u+vu (7)

— B LBt i)

—

B+ —D*(2007)% " v.(y)

\B D" (2007)°uF v, (y)

others—

Belle 11
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BDT Variable Ranking

Variable

foxWolframR1
B_sig KSFW Variables_hso22
B _sig_ KSFW Variables_hso20
B _sig_roeDeltae_ipMask
B_sig_weMissM2_ipMask_0
sphericity

foxWolframR3
nTracksCleanedPlusNGammasCleaned
TagVpVal
harmonicMomentThrust0

B _sig_ KSFW Variables_hoo(
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Future Ideas - Sharing of the Systematics

Status:

o Next iteration of analysis expects new channels (Bt — K "vi, B — K*uvi, B — K up)

o Can perform simultaneous fit to all channels

o Main advantage: could share the systematics

o Main disadvantage: how to account for partial correlations/shared statistical errors properly?

Tracking inefficiency
Neutral Energy
Miscalibration
PID

BR uncertainty

FF uncertainty

Slavomira Stefkova, 03.05.2022, Missing Energy Workshop
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Scalar Scalar Axial Vector Axial Vector
Signal K+ Ks K* K™
Background
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Search forBT —» K*a (ALP)

ALP model from [arxiv: 2201.06580]

BSM scenarios of BY — K*vb : new mediators (a) ——
: . . o + + V)2 Mg )| A / (mBamKama)
o a (=dark scalar or ALP) decaying invisibly — B(BT — KTa) =0.25 dCf £(A) |+ 0.0032 cyyw (A)) 7200) I .
very similar to the search for B™ - K™ui . .
o main experimental difference: two-body vs “crp’ ALP coupling to fermions o = scalar FF

three-body kinematics “eww’ ALP coupling to gauge bosons

Ma,b,c) = a® + b* + ¢ — 2(ab + ac + be)
Current bounds:

107 103
Signal Simulation Event
m,= 50 MeV 10" 102- BaBar inv. (88
— 1094 -
T L 10! NAGZ'
> v
= 1072 N
- NA62 inv. <107
=~ 107?; BaBar inv. =
§ LHCb uu \ = 10-1
J S 10-3 : S beam dump yy
i N CHARM pip 5
s P e 10 10
................ :;: "'"--so-...\__“_.-... 10_5 | 1 -3 ' '
e \ 102 1071 10° 102 10" 100
""" ' \,\\\\\\\ m, [GeV] m, [GeV]
~ Kaon Track
‘ crp(AN)/fo < (1073 —1072) Tev—ll eww (A)/fo < (1072 —1)TeV!
ff a ~v WW a ~u
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Search forBT —» K*a (ALP)

BSM scenarios of B — K¥vv : new mediators (a)

o a (=dark scalar or ALP) decaying invisibly —
very similar to the search for B¥* - KTui

o main experimental difference: two-body vs
three-body kinematics

Signal Simulation Event
m, =50 MeV
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.=’

N

Kaon Track
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ALP model from [arxiv: 2201.06580]

fo = scalar FF

22} A2 (m2,, m2,, m2)
B(B* — K*a) = 0.25 (cf¢(A) [+ 0.0032 ey (A)) 2 i B K> Ma)
(ers VRO e
“crp’ ALP coupling to fermions
“ceww” ALP coupling to gauge bosons

Ma,b,c) = a® + b* + c? — 2(ab + ac + be)

Current bounds:

100

107 10°
10 102 BaBar inv.
— 109
>
= 1072
WO
=107
)
S 103 S beam dump yy
10°¢ 10
1075 , * 10725 '
1072 107! 10° 0 1072 107!
m, [GeV] m,; [GeV]
-3 -2 —1 —2 —1
crp(A)/fa S (1073 — 1072) TeV eww (A)/fa S (1072 — 1) TeV
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Search for B™ — K™ a (ALP): Sensitivity

[arxiv: 2201.06580]

Simplified sensitivity study probing different ma scenarios for ma in [5 MeV, 4 GeV]
o With 0.5 ab-1limit on B(B*™ - K"a) <10-5@ 90 CL — expected an order of magnitude improvement
o With 50 ab-1 limit on B(B*" — KTa) <107 @ 90 CL — expected two orders of magnitude improvement

102-
10—4 10_1. .
— m,=1GeV | BaBar B*-=K*vp ’ .
0.5ab™? — m,=300MeV = | T 10
_5 —2— \ | > ‘
—~ 10774 LN ms;=5MeV > 1
© ] \ ) —
+ \ \ : [—
7 ‘oSN e oo “ 10°
b 106 ~ Iz =o:o ~ |
2 197 50ab! 2 = 50ab~!, no b '
m - 50ab~1, no bg. =, ab~~, no bg. ;.
8): 10—4__. .............. g. ............... 5 10 1-«- ------------------------------
10—7 .
-3 -1 1 3 5 107> +———— 102+ —
10 10 10 10 10 102 101 100 102 101 100
CT, [cm] m, [GeV] m, [GeV]

Belle II 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 B - K¥a / B - K*a with pre-shutdown dataset (0.5 ab-!)

Slavomira Stefkova, 10.11.2022, Bonn 48 A\‘(IT
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Towards b — sll LFU : R(K (*))

3.1 0 evidence of LFUV in R(K) reported by LHCb

arXiv:2103.11769, arXiv:2110.09501

'y T T T T T T T T Y %k .
' ' ' L R, Belle R(K( )) in Belle Il
SM ‘ . _ BaBar 1.1 < ¢* < 6.0 GeV/c*

R(K®) 0.1 < g2 < 8.12 GeV/ct L R, Bell | o Statistically limited

: : 045 < g7 < 1.1 GeV/ ¢!

(), +,— , , SRR for foreseeable future
—_— B(B - K H R ) : §_ . Belle 3 ; R, Belle
o B ( B — K(*) ete —) 1.0 < ¢* < 6.0 GeV?/c* 1.0 < ¢ < 6.0 GeV/c* o Then le ading
=14+ 0(107%) : < l.4o Ry LHCOO ' systematics due to
- 0.045 < ¢° < 6.0 GeV“/¢?

<1 310 LHobo !

q° € [1(1.1),6] for R(K™) 1.1 < ¢* < 6.0 GeV/c* |<_>' 1.50 R, LHCb 9 fb’ lepton ID~0.4%
Lo T T y 1 e 1 . 0 v i l'l:“’:f 6.0GeV'/c!
JHEP 2018, 93 (2018) 0.5 | E o 0 | 2 N
K K'Y’
! JHEP 03 (2021) 105 — RK from Belle (II)
Belle II can: e —e— Ry from LHCh
. . % . =
o Provide independent check of R(K ™)) with at least 5 ab-1 f; 101 — s o
'E PRL 122 (2019) 191801
o Measure R(X,) 8 o
QL
()
o Measure absolute & for electron and muon separately (constraint on =
. . E .
Wilson coefficient C9) 5 o Adapted from Patrick Koppenbuxg @
- Flavour anomalies 11
:_I_I_I_I_I_»

Time

But LHCb will always be ahead in precision for R(K"") given LHC’s and SuperKEKB’s luminosity plans
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Towards b — sll LFU : R(K (*))

3.1 0 evidence of LFUV in R(K) reported by LHCb

arXiv:2103.11769, arXiv:2110.09501

'y T T T T T T T T Y %k .
' : ' R R - Belle R(K™) in Belle I
(%) 0.1 < g2 < 8.12 GeV/c* R Belle O Stat1st1ca11y limited

R (K ) : : 0.045 < ¢> < 1.1 GeV¥/¢*

B(B » K®u*y~) . : for foreseeable future
= : L , Belle 2 : R o Belle |

B ( B — K(*) ete —) 1.0 < ¢? < 6.0 GeV/c* 1.0 < ¢* < 6.0 GeV7/c* o Then le admg
=1+ —2 E <> 1.40 R, LHCb9 fb" :
=1+0(107%) —— R vt systematics due to

<1 310 LHobo !

q2 € [1 (1.1)’ 6] for R(K(*)) 1.1 < (IZ <6.0 Gevll(..t H 1 .50' RK" LHCb 9 fb"' lepton IDNO.4%
N R S SR e b MSes600VI
JHEP 2018, 93 (2Q18) 0.5 | 1.5 R 0 l 2 p _'3
K k"
N JHEP 03 (2021) 105 — RK from Belle (II)
Belle II can: 5 —e— Ry from LHCb
: : s : S
o Provide independent check of R(K ) with at least 5 ab-! S 107 e )
'E PRL 122 (2019) 191801
o Measure R(X,) 8 .
D
)
o Measure absolute & for electron and muon separately (constraint on =
. . E .
Wilson coefficient C9) 5 o Adapted from Patrick Koppenbuxg @
- Flavour anomalies 11
:_I_I_I_I_I_»

Time

But LHCb will always be ahead in precision for R(K"") given LHC’s and SuperKEKB’s luminosity plans
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Study of B — K(*)lI

Signal extraction with simultaneous ML fit to M, .and AE

Fit projections for B™ — K™lI

M

[BELLE2-NOTE-PL-2021-005]

— 18r < 18
S 16 ¢ Daa Belle Il 2 16~ ¢+ Daa Belle Il
© F —Fi preliminary - — Fit preliminary
of§) 14— ... Signal L 58t -1 g 14:_ ------- Signal Ldt = 62.8 fb1
Z 12 e Combinatorial Background dt = 62.8 b B 12 seeeees Combinatorial Background t= ]
0 | B Peaking Background ) Q = B Peaking Background )
g "5 B* > K" I g o B* > K" I
S 8K O —
€ 4l T b
O F © E
e -
2% =
oillll s I
52 5.21 522 523 524 525 526 527 5.28 529 01 -0.05 0 0.05 0.1 0.15 0.
M, [GeV/c?] AE [GeV]
_ [ — 2 AE=FE,— FE
M. = \/ E,..— D" —Dpp B beam
Result
o Ny, =8. 6+‘3L S(stat) + 0.4(syst) —» hint for B — K7l
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Entries / [0.0033 GeV/c?]

Fit projections for B — K*I/
(K* - K*n~, K*n, Kdn™)

N

B(B — K*pp) =

| B(B = K*l) =

24
30 F Belle 11 ® 22
[ £ dt =189 fb~! o 2
25 o lc\J 18 ® 3
S 16 4
20 S 14 ‘ . 4
> 12 oS { o
15 .g 10
E 8 Tl . - —
10 L] 6 * '
5 4 . 4
2
42 521 522 523 524 525 526 527 528 5.29 ET: -0.1 0.05 0 0.05 0.1
M, [GeV/c?] AE [GeV]
Results

——— _— — _ PDG averages
(1.19 £ 0.31+£790%) x 1076,
B(B — K*ee) = (1.42 £ 0.48 +0.09) X 1079,
(1.25 £ 0.30::1_8:8?) x 107F,

(1.06 £ 0.09) X106

(1.19 £ 0.20) X107

(1.05 £ 0.10) X 1076

Electron channel expected to become
competitive already with 1 ab-1
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https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf

R(K) : Belle II vs LHCDb (Aside)

[Nature Physics volume 18, pages 277-282 (2022)]

~ 240 ~

S 20 LHCb L 0F
% 200 —+—Data9.fb % s00 b
= 180 — Total fit S

<+ WORTINGIE | — B'—K'ete" = 400
= 140 B B — J/y(ete )KT = -
o 120 B Part. Reco. 2 300F
2 . . < -
3 100 : Combinatorial o :
= 80 g 200 |
= 60 8 -
o 40F .- 100 |

08T T3 ot
061 : 0BT
5000 5500 6000 32()0 5300

I 1 ‘.*.-.l

LHCb

—— Data 9 fb!

—— Total fit

...... B*— K*utu-
Combinatorial

m(K* ete~) [MeV/c?]

18

16

—h
I

—
\®)

—_i
o

II‘I

Candidates /(3 MeV/c?)
RN (@)} (0]

PO
||||||||||||

e

O
5.

S

Belle Il
preliminary

JLdt -62.8f8"

------- CombinatoriaiX8ackground
B Peaking Batkground

+—1
—————
—

| \
MANSI

5.21 522 523 524 5.25 5.26 527 5.28 5.29
M, . [GeV/c?]

5400 5500 5600
m(K*utu-) [MeV/c?]

Electrons (and muons) in Belle II have better resolution
result of kinematic vertex constraints + Bremsstrahlung effects

Slavomira Stefkova, 10.11.2022, Bonn
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Three differing aspects to consider:
efficiency, statistics and resolution

Belle 11 LHCb
Signal K+, Ks K+
Same 1 ab! 1 fb-
BT - Ktete™
Efficiency
30 % (Belle) ~5 %
BY — KTu*u~| JHEP 03 (2021) 105]
Efficiency

Efficiency
High g2bin
Kinematic vertex
constraint

30 % (Belle)
[JHEP 03 (2021) 105]

Accessible

M,

C

<5% Lower due
to tracking and
trigger
Hard
Pointing to PV
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https://link.springer.com/article/10.1007/JHEP03(2021)105
https://www.nature.com/nphys
http://www.apple.com/uk

Search for B

— KYS (LLP)

Search forB —» K'S

o S (=long-lived scalar particle = LLP) that decays visibly
into pair of charged particles x™,x7, x € (e, u, 7, K)

o Bump hunt in the LLI” invariant mass

o Separately for x € (e, u, 7, K)

o Separately for different lifetimes

Muon system
Calorimeter
Drift chamber

Vertex detector

/ adapted from T. Ferber

Slavomira Stefkova, 10.11.2022, Bonn

Current bounds and predictions

A. Filimonova, R. Schéfer, S. Westhoff
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- 1 O
1073 -:
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Phys. Rev. D 101, 095006 (2020) BaBar 489 { 1— |
LHCb 3 fb~
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Search for B — Kzt

Motivation:

o FCNC transition involving 3rd generation leptons

o SM BB — K(*)r7) ~ 1077

BSM:

o Rate enhanced by NP models (especially those coupling only to 3rd

generation / with coupling « particle mass)

Current Bounds:

o Belle BB - K" t7) <2.0x 102 @90% C .L. [arxiv:2110.03871]
o Babar B(BT —» Ktt717) < 2.3%x 102@90% C.L. [PRL 118, 031802 (2017)]

Belle II can:
o exploit different tagging approaches

o include more 7 decay modes (improved scenario)

*k
o measure other channels K

Slavomira Stefkova, 10.11.2022, Bonn

Belle II snowmass paper

B(B° — K*977) (had tag)
ab™! ”Baseline” scenario ”Improved” scenario

54

1 <32x%x10°3 <12x10°3
5 <2.0x 1073 < 6.8 x 1074
10 <1.8x 103 < 6.5 x 104

50 <1.6x 1073 < 5.3x 1074

| Model
| independent

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

| W Br[B-K"11]

1 B Br[B-KTr1]

| O Br[Bs=>¢ri]

Br x 10*

1.1 1.2 1.3 1.4 15
Ry/RSM  [X=b->cInu]
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https://arxiv.org/abs/2110.00790
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
https://arxiv.org/abs/2110.03871
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802

Belle Il Online luminosity
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Two scenarios are considered, which are similar for all except the \BKSpnn decay. The "baseline" scenario assumes no further improvements. The "improved" scenario assumes a 50\%
increase in signal efficiency for the same background level, an advance that current studies indicate to be achievable by various means including combination with semileptonic and
hadronic reconstruction of the partner $B$ meson. For the \BKSpnn decay, we assume 20\% and 70\% improvements for the baseline and improved scenarios, respectively, since
Ref.~\cite{Belle-11:2021rof} relied on the $\Kstarp \to \Kp \piz$ sub-decay only. The projections are in ~\autoref{tab:b2knnbase}. {\bf Belle~II is the only experiment capable of exploring
these key channels that disclose a vast and uncharted region of SM and non-SM dynamics.} For example, with just 5\invab of integrated luminosity, the \BKpnn analysis is sensitive to
the SM rate at $3\sigma$ ($5\sigma$) level for the baseline (improved) scenarios.

DESY.
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