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SuperKEKB

B-Factory for the Belle Il Experiment

e+ 4 GeV 3.6 A |

Belle Il

" New beam pipe SuperKE KB
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Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’\\
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Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject

Set world record: highest instantaneous

luminosity of L = 3.1 x 10°* cm—2s-1

» Total recorded luminosity of 213.49 fb~!
until summer shutdown

e Target: 50 ab~! (50x Belle)

Asymmetric ete- B-factory to study
CP-violation and rare decays

CE. = m(Y(4S)) = 10.58 GeV
« >96% decay to BB
» Forward boost of BB system

Belle Il Online luminosity Exp: 7-18 - All runs
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Integrated luminosity

. Recorded Weekly

63 fb~! used by the

presented analyses
(until summer 2020)

Total integrated Weekly luminosity [fb~?!]

-t 200

- 150

- 100

- 50

... and 9 fb~! of off-resonance data (60 MeV below Y45)

Total integrated luminosity [fb~!]
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Overview and First Results

BELLE2-NOTE-PL-2021-004 u,ct

« FCNC b — sy transition sensitive to many SM extensions

 Measure inclusive photon energy spectrum

- Expect monochromatic (smeared) photon spectrum with £ > 1.4 GeV

1. Simple selection requirements

2. Designated 7" and 7 veto

3. Suppression of continuum background
(BDT using event-shape variables)

Candidates / (100 MeV)

4. Subtract expected contributions from
continuum and B backgrounds from data
(using off-resonance data and sidebands)

5. Excess clearly visible in expected region
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Overview and First Results STV A
Study of B* — K~/ "/~ BELLE2-NOTE-PL-2020-014 v/Z° A
/-
o Important to have independent measurement of FCNC decay B* — K*# 1/~ (with

¢ =e, i) to shed more light onto results from LHCb arxiv:2103.11769 (submitted to Nature Physics)

« Rediscovery of BX — KX/ ¢~

~ 18 — 18
~ C > —
Observed L 6L ¢+ Da Belle II 2 16 ¢ Da Belle II
g 6+4'3 +04 g (ab — Fi preliminary S b — Fi preliminary
—3.9 o 7 Stonal Ldt = 62.8 b T f v Soa Ldt = 62.8 b
t t / t = 12 Combinatorial Background 12— = Combinatorial Background
(S at. SyS ) (7)) B Peaking Background _ g — [ Peaking Background _
' ' g B" > K'I'l g 10 B" > K'I'l
signal events in g S
2D fit (M., AE) JER 8 of
RTRTANNE ol
M. =« s/(4c*) — p*2/ 2 2 T -r-.;.x'-..".. oH-
be \/S (3c) P 7 0:. "LILI“II“‘:"I“I' AN 0-"_.' PR FTEYS 3% el L I L0 R S Ve e e
_ * 52 521 522 523 524 525 526 527 528 5.29 -0.1 . 0.1 0.15 0.2
AE =Eg —+/s/2 M, [GeV/c] AE [GeV]

* Available data not enough to determine key observables like branching fraction, isospin
asymmetry, Ry (ratio of BRs of muon and election channel)

« Prepare/rehearse analysis using B — J/P(£1¢7) K (with K=K7, Kg) control sample
(same final state but large BR)
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What we can already do...

. v
arXiv:2104.12624 7
_ 174
« Complementary probe of BSM physics scenarios W
proposed to explain anomalies observed in b — s£7 bh —» > p > s
transitions arxiv:2005.03734, including recent measurement "o
of Rg by LHCD arxiv:2103.11769 (submitted to Nature Physics) B
y 1%
* ... but does not suffer from charm-loop contributions / o
RB(BT - K*vb) = (4.6 £0.5) X 107° arxiv:1606.00016 Wf_; |/
(uncertainty dominated by B — K form factor, h—p > > S
u, C,

simulation weighted with FFs arxiv:1409.4557)

» Flavour-changing neutral current process B* - K*vp 4000
I 1 Phase space
not observed yet o 000 S omm facter
& 2000 | i
C: L
. . [ 'Belle 11
« Many other BSM models can be constrained like dark 1000 Fsimulation
matter PRD 98, 055003 (2018), leptoquarks PRD 102, 015023 O 5 10 15 20

. 2 2/.4
(2020), @axions PRD 101, 095006 (2020) q” [GeV7/c’]
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Analysis Strategy: Inclusive Tagging

arXiv:2104.12624

Semi-leptonic/hadronic tag

* Previous searches explicitly

reconstruct the second B
meson

» semi-leptonic tag:
signal efficiency of ~0.2%
(Belle, PRD 96, 091101 (2017))

* hadronic tag:
signal efficiency of ~0.04%
(BaBar, PRD 87, 112005 (2013))

* Idea: exploit distinct topology
and kinematics to achieve
higher signal efficiency (~4%)
(rather spherical, missing energy,
displaced kaon track,...)
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Overview

arXiv:2104.12624 ‘ Signal ‘
u - X']_Q_'Z' L L
. Basic event selection gl  Belle / =]
(mainly 4 < Ny, < 10) correct g | * =]
. . (O] 6 I B ss 7]
_ _ candidate in 5 =
. Select highest p; track as signal 78% of cases | c4| S

kaon candidate

N
—T

: : : : require kaon
. Train BDT to identify signal dentification

(topology, rest-of-event, missing (PID)
energy, vertex separation,...)

. Validate the BDT using data of
BT —» K"+ Jly_, +,- decays

)

| Signal candidate |

| (simulation)

where the muons can be removed '
to mimic signal

50

. Use off-resonance data (60 MeV
below Y (4S5)) to constrain yields
from continuum processes (gq, t7)

. Statistical interpretation
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Training of Binary Event Classifier
‘Cor_mtinuum h——ISignaI b

[/ Neutral B .
@ Charged'B
= cc n
B sS 1
B uu
4
14 —Kv

arXiv:2104.12624

* Select features for training of BDT:
excluded variables with little discrimination
power or poor modelling in simulation

* Resulting in 51 training variables

0-150_-|---|---|---|---|---|---
Belle I g ;feutralB
0.125F [ Charged B
ﬂ = cc
$ 0.100 F — 1
(&) I it
b= Bl dd
2 0.075 1 BY—K*wi B
ke - ¢ Exps, Run 3123 1
© 0.050 f -
E i
e i
0.025
0.000 &

ROE AE [GeV]
AFE = EB* — \/E/Z (E* of second B meson)

« Background: random combination of
objects from both B mesons, some

objects might be missing

fraction of events
N o))

N

— B bgs

¢ / Exp 8, Run 3123 |

0.8 1.0
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06 L L L
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0.3
Fox-Wolfram Moment R,

* R1: Momentum imbalance in the
event, signal has neutrinos

[ Charged B

= cc g

B sS 4

B uu ]
B dd

[ B"—K'wi
¢ Exp8, Run 3123 |

0.4 0.5 0.6


https://arxiv.org/abs/2104.12624

Boosting to Signal Region

arXiv:2104.12624

gL I N

» 2-step procedure: BDT; — BDT; O: A iExpeCtaﬁon R - ,»/\ o
* Train BDT; with 51 variables E 0.3; ............ I

« Select events with BDT; > 0.9 and i o2l O 110
train BDT, with larger sample . et 15
(same training variables) b N

« Significant improvement in
discrimination power

» Define 2 X 12 regions in BDT, X p(K™) giggiilns
space (on- and off-resonance data)
 important to constrain background Control
yields in fit (see later) Regions

Lower threshold on BDT, output

Signal efficiency [%]

Signal Efficiency ~4.3% (SM signal)

1.00
10 11 12
0.99
7 8 9
g.“o.97
% 4 5 6
0.95
1 2 3
0.93
0.5 20 2.4 3.5
_|_
pr(K™)[GeV/c]
10
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- - . R+ +
Validation Channel: B™ — K™ + J/y_ ;+
arXiv:2104.12624

« Compare response of BDTs in data and simulation:
« Reconstruct J/y from two muons and remove them to mimic signal neutrinos

« Correct kaon momentum using simulated signal events (2- vs 3-body decay)

* High level of agreement:

 Fraction of events in signal region (BDT, > 0.95, data/simulation) =1.06 £ 0.10

2000
Belle IT _ _
JLdt=63fH" Signal-like
200 sample
1500 |-
7_ = 150 (muon removal,
BG-like /é»/r 2100 momentum
sample ~ 1000 / S 50 correction)
(no muon = L/ - 0 |
removal) E 0.0 02 04 0.6 08 1.0 M
d BDT,(BDT; > 0.9)
500 —/DB+—>K+J/¢_>M+M—MC Q B+—>K+J/w%M+M-Data m
/I:1B+—>K+J/wﬂ/+,/—MC ¢ B"—=K"J/¢y_,+, Data
BT—=K* vy MC
0 L= Dl
0.0 0.2 0.4 0.6 0.8 1.0

BDT,
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Factor wrt.

Extraction of Signal Yields SM expectation

- 4.6 x 107°
Search for BT — KU arXiv:2104.12624 ( )

= Perform a binned maximum likelihood fit to extract signal strength u
« Templates for background and signal yields from simulation
« Systematic uncertainties included as nuisance parameters (event count modifiers)
* Leading systematic uncertainty: background normalisation of individual contributions

Off-resonance Data

[0.93<BDT»<0.9510.95<BDT»<0.97:0.97<BDT»<0.99: 0.99<BDT, ]

On-resonance Data

0.93<BDT,<0.95,0.95<BDT,<0.97

Yields after
simultaneous 200

10.97<BDT,<0.99: 0.99<BDT, 1
: : i 1

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

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

fit of all 24

B B K |

: ] 30 B : .
regIOnS _,g 300 1 Neutral B 42 B Continuum -
o I Charged B | ) ¢ Data ]

> . . > :
M 200 B Continuum _| [l 20 : -

¢ Data

100

Signal purity:

! scaled by 2 _ 10

scaled by 2 ]

0 0 ' ” ” 0 '
6% for SR 0.5 2.0 243.5/0.52.0 2.43.5[0.52.0 2.43.5/0.52.0 2.4 3.5 0.5 2.0 2.43.50.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5

22% for BDT, > (.99 br(K7) [GeV/d pr(K*)[GeV/d
- Measured signal strength ;i = 4.2 = 4.272-3(stat)*1-3(syst)
 Total uncertainty from profiled likelihood scan around minimum; statistical
component derived using toys
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SM expectation:
Resu Its BB - K*vb) = (4.6 £0.5) x 107°

arXiv:2104.12624

No signal observed; setting upper limit on BR using CLs method (assuming SM signal)

1.0 g

ljzlfieﬁ - Ewpected | e B(B* - K*p) < (4.1 £0.5) X 10 @90 % CL
0.8 I t=(63+9)fb"" mmm Expected+lo |
- - Expected+20 - - . . . .
g b — Observed | * For reinterpretation: signal efficiency as a function
s Ol ] i . . .
- _ of the invariant mass of the dineutrino system
— 0.4 90% CL 7
O i Expected: 2.3x107° o0
0.2 Observed: 4.1><10*5_: glzf’? Belle 11 Simulai J
0.0l s B0 zg | Supplemental material
B* — K" vw branching fraction B sl arxiv:2104.12624
ool o ] ]
q* [GeV?/c']
Average
J'1.1jz0.4
| l *I | Belle 11 (63 b1, IImclusive)
[ 1.971%  This work
|
| Belle (711 b, SL L
T R e oo O » When converted to the same luminosity,
i S Belle (711 fb ', Had) our measurement is better’) than semi-
: : o
| Babar (429 b, Had+SL) leptonic tagging by 10-20%
| 8+0.7 ,
_— ... and than hadronic tagging by a
0 2 4 6 8 10 9ging by

factor 3.5!

*) assuming the total uncertainty on the branching-fraction scales with 1/4/L

10° x Br(B*—K " vp)
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Summary

e First excellent result with prospects prove the high capabilities of (relatively)
new Belle Il experiment

 Great performance of novel inclusive tagging used to study B* — K*vv decays
* Follow-up analysis in preparation:
* more data (3x more on tape)
» additional channels (B® - K v, B® — KJup)
e improved technique (neural net)

e Combination with results using semi-leptonic/hadronic tagging expected to
further increase sensitivity (statistically independent events)

« We may actually be able to observe B* — K*vi soon for the first time!
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Backup
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Signal Selection and Event Clean

Signal B has to be reconstructed as a single

Ing

charged Kaon 0.30 Fr—————————————
. . Belle II g IT\ITeutralB
« Select highest p track in the event as Kaon 5 20 = Charged o
candidate (correct match in 78% of signal events) £ 020} 5 g ;
‘-'5 i Bl dd R
» Require at least 1 PXD hit on Kaon candidate s S woks
track (ensures high resolution of the track impact g 010r E
parameter) 0.05 |- g
0.00 L
0 2 4 6 8 10 12 14
Basic event cleaning and background rejection Niracks
* Tracks
0.1GeV < py, |dz] <3cm, dr <0.5cm, @ inCDC Acceptance
° 0175 [T T T T T T T
PhOtonS 0.150 F Belle IT g 7ILI%eutralB ]
0.1GeV < E,, 0in CDC Acceptance N E= Charged B
’ *53)’ 0.125 F = :: ]
 All Objects 52 0.100 | — .
[ 1 B"—K™ww ]
E < 5.5 GeV é 0-0755 $ Exps, Run3123‘E
C . 2 0.050 |
« Background rejection = o |
4 S ]vtracks S 10, Evisible > 55 GeV, 17° < Hmiss < 1600 0.000 :
0 3 6 9 12 15 18
N’Y
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Input Variables: DO/D+ Suppression

Search for BT — K¥ui

BDT2>0.93 B
><1Q -

B 7 2.5 T T T T T T T
B-‘r D*(2007 0, + B+—)K+KOKO B I | I B I
- [ Neutral B
B+ —D*(2007)% " v.(v) 20F @ Charged B i
B+—>D0e+ye('y) -lg [ B cc i
o [ B sS
Bt DK™ :q>> 1.5 - B ]
s i Bl dd
\ o ; [ B =K ]
_ o = _
B* —D*(2007)°K* ____ = 1.0y . ¢ Fxp 8 Run 3123 4
8 [
B+—>DO7T+—’ G- O 5
_ — +_ N0, + .
B =D (2007)n ©_—~" BT =D v,(v)
BT —=rtu. 0.0 -
0.5 1.0 1.5 2.0 2.5
— 2 — 2
others / M(K +, reROE)W/ max’y (K +, r ) [GeV/c ]
Belle 11
simulation

 Significant fraction of background events for the high purity region comes from

DO/D+ decays

 Dedicated variables to identify them
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Boosting to Signal Region

« 2-step procedure: increase training
statistics at high BDT values

 Select events with BDT; > 0.9 and

train BDT, with larger sample
(same training variables)

« Significant improvement in
discrimination power

 Overfitting under control for both BDTs

* Additional BDT used to correct
modelling of continuum simulation

« BDT trained to distinguish off-
resonance data from continuum
simulation (and derive weights)

« Same input variables as other BDTs

DESY

0.5 _ Expectation for 63 fb! 125 o\o

0.4} "N 420 2

- c

+ 0.3F {15 @

2N e kS

~~~~~~ =

g 02f Tl 110

& Blerr T ] TU

elle ~

01p simulation \\\x\ 19 a

No @)

i SO o p—

0.0 -— ~1 0 dp)
0.990 0.992 0.994 0.996 0.998 1.000

Lower threshold on BDT; output

BDT; > 0.9 —
L L T T T ]

02 - Expectation for 63 fb~! f PR

e 120

04b e 20 2

A [ T e =

+ 03} el 115 .8

.. O

~ 02 B \\\\ 7] ].0 D

A Belle II N ] G

01fF S

simulation \\ ] @

\ o =

ool g WD
0.5 0.6 0.7 0.8 0.9 1.0

Lower threshold on BDT, output
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Definition of Signal and Control Regions

e Define 24 Signal and Control Regions:

» 12 regions in BDT, X p(K™) space

11

12

Signal 0.9 0
. Each defined in on- and off-resonance Regions 7
“0.97
data E 4
« 9 SRs and 3+12 CRs to constrain ggn;‘gﬂs 0.95
background yields J 1
 Binning optimised for available R

iIntegrated luminosity
 Signal efficiency of 4.3% (for SM)

=Perform a binned maximum likelihood fit to extract signal strength u

« Templates for background and signal yields from simulation

« Systematic uncertainties included as nuisance parameters (event count modifiers)

« Leading systematic uncertainty: background normalisation
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