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» Reduction in the
beam size by 1/20 at
the IP.

> 1.5 times increase in
beam currents.

Targets:
Peak luminosity: 6x103°cm2%s~

Integrated luminosity: 50ab ! by 2031
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o Status of Belle Il data taking ﬁﬂ}‘%
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~ -1
» Belle collected data 1ab Belle Il Online luminosity Exp: 7-21 - All runs
» Belle Il collected data 215 fb_l Integrated luminosity
v ~30% of Belle data s Recorded Daily

2.0 9~

—— [ CRecordeadt =221.56[fb~!] L 200

v ~50% of BaBar data

» Peak luminosity reached
3.12x 103* cm™2s1
with beam current product
factor 3.5 lower than KEKB

(nanobeam enhancement)

V' 50% higher than previous world
record by KEKB

v factor 3 higher than KEKB (Belle)
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» Lepton Flavor Violating (LFV) decays:

v Forbidden in the Standard Model w/o neutrino-oscillation
2
v" Can occur via v mixing but are highly suppressed (2—%‘;)

= well beyond any experimental sensitivity

» Recent measurements of b-hadron decays have provided experimental
indications of the lepton flavor universality violation (LFUV) - deviations
from:

v' /e universality in b—> s/l neutral-current transitions BSM
v' t/u (and t/e) universality in b = clv charged-current transitions

» LFUV is often accompanied by lepton flavor violation (LFV) in theoretical
models (PRL 114 (2015), 091801)

» The observation of LFV in the charged sector would be a clear sign of
physics beyond the Standard Model!
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» In the SM:

v forbidden at tree level ;

v occur via box and loop diagrams.

v branching fractions are very small, i.e. < 10~

- w- "
> Sensitive to NP beyond the SM |

v' New particle might appear in the loop

v Can also decay via tree diagram for some of -
the new particles. b W

V' NP contribution to the Wilson coefficients <i

V' Provide many observables to probe for new ﬁ
physics: angular, asymmetries, etc. - o

PRL 120 (2018), 181802; JHEP 10 (2015),184; JHEP 09 (2017), 40



: :D Recent results on EWP decaysg;
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» Belle
v Search for B - K*t717~ at Belle
(arXiv: 2110. 03871)
v Search for BYy, - 7* £ 7 at Belle
(arXiv: 2108. 11649)

> Belle
v Search for BT = K*vv at Belle Il
(Phys. Rev. Lett. 127 (2021) 181802)
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B°? - K*ttT™ at Belle

» Highly suppressed in the SM and can only proceed via FCNC,
with predicted B of order O(1077)

» With the effect of NP, B can be at level of 104 [PRL 120,
181802 (2018)]

» The BaBar collaboration sets an upper limit for B* > K* t* 1~
[Phys. Rev. Lett. 118, 031802 (2017].
v B(B* > K*1*17) <2.25x 1073 at 90% C.L. (using 471 million BB pairs)
> Currently, no limit is set for B® - K*t*tt~ decay mode
» The presence of at least two neutrinos in the final state

originating from t lepton decays make full reconstruction of
the decay impossible.
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» Tag side (B,,) - reconstructed in 489 exclusive B meson decay channels
using hierarchal neural networks algorithm. Full Belle dataset: 711 fb—1
» Searching signal in the rest of event.
v" Require 4 charged tracks, net charge=0.
» Supressing background
v' requirement on mass of tau pair, mass of the two leptons,
v' veto events having K, °, and more than one K

» More background suppression using missing mass squared (M?,....) and
M(K*°1) variables (depending on final state particles).

Signal side

‘e
e
.
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» Binned extended maximume-likelihood fit to the extra calorimeter energy,

EEXta distribution.

—~ 150 . > EEXTa s the total energy of the
> e Data — Fit ECL .
A < > .- Signal [x(-10)] - B°B° neutral clusters detected in the ECL
| gnal [x(-10)] ) . i
= <[> BB qq not associated with either By, or
?\Q’ : BELLE -- Rare B utv Bsig. ”Emissing”
Lilj 100—
i » The overall selection efficiency, € =
i 1.2%107>
50-—
l > Nyy =—49+6.0
i > The upper limit:
0 v B(B° - K*°1*17) < 2.0x1073 at
aF 90% C.L.
2_
5 ot $ ++ +++++%+
o L ot T t >  The first experimental limit on the
4l | | | decay B® - K*%t*1~,
0 05 i 15 2

Eg’g'La (GeV)
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» Forbidden in the SM without neutrino oscillations, but in principle it can
occur via neutrino mixing. The rate is significantly below current and
future experimental sensitivities (~10749).

d Ll et ut

b

ot
» NP models such as leptoquarks [Mod. Phys. Lett. A 33, 1850019 (2018)] or

Higgs-mediation in supersymmetric seesaw models [Phys. Lett. B 549, 159

(2002)] give rise to branching fractions (~107° - 10719).
Experimental status

B(B@)® — 1% e*) <1.3x10™ <2.8x10°5 _

B(Bw? — = 1) <3.8x107° <22x107 <1.2x1075 .
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Search for B, > 77 £* at BeII

> Because B%-> ¥ £% are two-body decays, the momentum of
the rlepton can be inferred from the momentum of B, and

5|g
the momentum of £Z; thus the 77 does not need to be

reconstructed.

The other B
in the event
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W] \/5idate the analysis procedure

BELLE
control sample
arXiv: 2108. 11649, accepted by PRD (letter)

Applied the same event selection criteria used
InB'—tu. D/ D* are missing

Signal Efficiencies:
BO—Dmx:1.0x1073
B’— D'r:1.0x 103

Events/(16 MeV/c?)
g

T § T T

B Nsig
M, (GeV/c?) B'—Dnx : 21364 £71.0

e g i B0 D 2 20714 £74.0

14 16 18

Pull
o

Branching fraction x 103

Mode World average This measurement
B — D~ xt | 2524 0.13 (stat+sys) 2.54 4 0.11 (stat)
BY — D* 7t | 2,744+ 0.13 (stat+sys) 2.67 4+ 0.12 (stat)

13
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Results for B? ;> 77 £ at Bel
arXiv: 2108. 11649, accepted by PRD (letter)

» Unbinned extended maximume-likelihood fit to the M,,;;; distribution.

B—>tu B—rTe
* | .= Signal B = ut) > L ) . 0
5 L I e m 2/ndf = 0.545 S J 2/ndf = 0.702
S Background x - o 40— —— All components x :
= |- = All components = 3 Data
|  —%— Data r , limi
.% 40 Belle(preliminary) % I Belle(preliminary)
@ [ &
B /Edt =T711fb? i
r 20
20— +
9.4 I 16 I 1-5’: = 2 I I : 22 9.4__ - L_?E____ T _1%8__L__I___I___é__l__L__L_iZ
Muiss (GeV/C) M, (GEV/?)
Signal Efficiency: 1.1 x 1073 Signal Efficiency: 1.0 x 1073
N _ 1 8+8.2 N _ O 3+8.8
sig " -76 sig T -82

> The upper limits: B(B® — tu) < 1.5x107%, B(B® — te) < 1.6X107> at 90 C.L.

Electron mode: the most stringent limit to date
14



D

[O

Belle IT

> Rare decay belonging to family b > Phys. Rev. Lett. 127 (2021) 181802
sl with SM B(B* - K*vu) = (4.6 £ 0.5)x107°

Sensitive to BSM physics
Not observed yet! Published limits f
set by other B-factories use either

u,c,t u,c,t

Y V

SL or Hadronic tag reconstruction a) Penguin diagram ) Box diagram

» This measurement uses novel
inclusive tag approach (see next

slide)

» SM reference taken from Buras et al;
https://arxiv.org/abs/1409.4557

missing

Observed limit on

-1
BR(B* — K*uD) Approach Data[fb™']

Experiment Year

<1.6%x107
429
BABAR 2013 [Phys.Rev.D87,112005] —
e
<55%107°
711
Belle 2013 [Phys.Rev.D87,111103(R)]
Belle 2017 <19x%x107 711

[Phys.Rev.D96,091101(R)]

15
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Be,,eﬂ Search for BT - K*tvv at Bell
63 fb! data set

» Signal reconstructed as the highest p- track (correct match =80 % )

» Inclusive reconstruction of the rest of the event (ROE)

» New technique: Two consecutive BDTs are trained and applied to
suppress the backgrounds (FastBDT algorithm), 51 input parameters

v' BDT #1 for the event selection
v' BDT #2 for background suppression

» No signal yet: upper limit determined  ppys. Rev. Lett. 127 (2021) 181802
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» First Belle Il B-physics paper
» Binned simultaneous ML fit to on-resonance + off-resonance data is
performed

Measured signal strength y = 4.273:3(stat)*]-3(syst)
BBt — K*vw) = 1.971¢x 107

» No significant signal is observed, so limit on BF is set with CL; method

B(B* - K*vd) < 4.1x107°at90 C.L
Similar upper limit as Belle and BaBar

. : : : Average
0.93<BDT,<0.950.95<BDT;<0.97:0.97<BDT,<0.99: 0.99<BDT, ] ‘1,1 0.4, prelint
1 H H |
iBe“eII T li T T T T T T T T T T T T ;1 T T T - T
400 : P L. Belle II (63 b, Inclusive
/ﬁ dt= (63+9).fb ! ] : - 1.971% This wg)rk, preliminary )
H H ] I
| BToKtw 1 1
300 . Belle (711 fb—*, SL
.."E’ [ Neutral B ] I 10406 P(RD%, 091101 )
:u>> == Charged B | :
@ 200 BB Continuum ] I o Belle (711 fb!, Had)
¢ D I 3.0+1.6 PRD87,111103
ata 1
H i 1
i ] 1 —1
i scaled by 2 L Babar (429 b, Had+SL
100 : Y ] 1 0.8+0.7 PR£)87, 112005 )
o i | s L L | L L L | L L L | L s L
. 0 2 4 6 8 10
0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.5/0.52.0 24 3.5 105 + + —
x Br(B™—K ™ ) 17

pr(K™)[GeV/c]



D D
<[O<USD Summary

Belle II BELLE

BUDAN UNIVERSITY

> The first experimental limit on the decay B® —
K*%t*1~ at Belle
B(BY - K*91117) < 2.0x1073 at 90% C.L.
> Search for B%;, - ¥ £7 at Belle
v Electron mode: the most stringent limit to date

» Belle Il is stably accumulating data

» First Belle Il B-physics paper has been published in
channel with missing energy: B* - Ktvo; a
competitive limit has been set with only 63 fb! data

18
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Thank you for your attention
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