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1st generation B-factory experiments

(fb™) a
1200 > Lab
| | ' ] 3‘;;‘;5;’;‘?3??‘ « et e collider (operated during 1999 — 2010)
—KEKB  ——PEP- : .
1000 E v(as):711®' ¢ Asymmetric E: 8 GeV (e7) and 3.5 GeV (e*)
e Total 1 ' Y(3S): 3!
|L?r::nz(:i:tl;m1uogt;?b- " Yasrasmi ¢ Mostly operated at the Y(4S) resonance (10.58
[ | | ] Y(1S): 6 b !
800 — T cross section ~ 0.9 Off reson./scan: GeV). o )
nb. About 9 x 108 T ~100H"' ¢  Continue to publish important physics results.
600 events at Belle ' = 2 PRL, 4 JHEP, 15 PRD in the last one year.
{ ~ 550 fb™!
400 - On resonance:
Y(4S): 433 fb!
Y(3S): 30 fb! Lepton ID efficiency ~ 90%
200 - 1 Y(2S): 14 fb! ~A 10 ~10,
Off resonance: Fake rate ~0.1% (electrons), ~1% (muons)
0 ~54 fb!
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KEKB to SuperKEKB nanobeams

At SuperKEKB, we increase the luminosity based on KEKB SuperKEKB _
parameters LER HER LER HER units
“Nano-Beam” scheme (originally proposed for SuperB by P. Raimondi)
Beam energy Ep 3.5 8 4 7 GeV
beam current x1.5 beam-beam param. x1
bg 0.425 0.28
L Y+ 1 0'; RL [:t fy:l: Half crossing angle [0) 11 20 41.5 mrad
o 2er + o* R 3* Beta functions at IP | Bx /By 1200/5.9 - 60/0.3 mm
e T € Pyt N1
Beamcurrents | I | 1.64 | 1.19-2=3% 25 18 | A
WENICRNICH Runcion X 1728 Luminosity L 2.1x10% 6.5x10%  |cm2s?
B+4GeV36A
N Belall Belle Il Online luminosity Exp: 7-18 - All runs
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1 B L e | - 50
o Run2019c
Low emittance positrons |r
toinject Pasitron Souss q |
i g — - Ah: — i
wiore, ’ New positron target / 0.01 -0

capture section 2019/2 2020/1 2021/1

2021b run ended on July 5.

«  Achieved new luminosity world record of 3.1 x103*/cm? /s on 22" June
«  Total integrated luminosity of 213 fb-! so far.

e ¥,

Low amittanca gun

Low emittance electrons
to inject
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Belle Il Detector

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

—

EM Calorimeter
Csl(TI1), waveform sampling electronics

\

———
\‘

electrons (7 GeV) Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector B
2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD

T
!” A s \\
P

- positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352
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Lepton Flavor Violation <2

Observed neutrino oscillations signal violation of lepton flavor in the neutral leptonic sector.
»  What about LFV in the charged leptons?

LFV violation in the charged leptons is highly suppressed in the SM even after the inclusion
of neutrino masses:

Neutrino masses are expected to be much smaller compared to the electroweak scale, M, = 80.4

GeV.
gl
» Searches of LFV in the SM is beyond experimental reach: W+ Wt
2 _ M2 T_> Ur NV >ﬁ
B(t — ly) (%] ~ 107 ~ 10734 § %A“
W N 7

Observation of LFV in the charged lepton is a clear signal for NP beyond SM:

= Many extensions of the SM such as SUSY, little Higgs models, extra dimensions predict enhanced
LFV.

= LFVin 1 decays can be as high as O(10%)
» Within the reach of Belle Ii

Searches for charged LFV is currently dominated by BaBar and Belle experiments. Most of
the results are in T decays

» Heaviest lepton: less GIM suppression compared to muon

« Strong coupling to NP contributions

* many possible LFV decays

Bipul Bhuyan | SUSY 2021 19/08/21
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Lepton flavor violation in tau decays =2

« Search for LFV decays 7 - Ly (I = e, u) using total integrated luminosity of 988 fb-!. Largest
number of tau pairs recorded by a single e*e™ experiment so far.
* Require N; = 1,N,, = 1 on the signal side, Tag side: 1-prong decay \Signal side_
(Eg. T - lvv, v, pv) /" _suore
* Improved analysis techniques, including additional variables to ﬂrust
. . . . . . . e »
improve the signal to noise ratio. Blind analysis techniques. ¢
* Un-binned maximum likelihood fit to:
2 2
_ CM >CM ,
" Mp = ‘/[(Ebeam) _(ply ) ] Submitted to JHEP
AE e Data e Data
I GNP VE T S <Y QPY Y B 1
+ Major backgrounds:
* 7~ lvv+ISRorbeam background S SRS RSN BT SERRS TS tHE A SRR E
» ee — Il + ISR or beam background [ '%EDE ERIRERTE RN sBBG3: e e ]
Channel T —% poy T — ey ° ‘ ' ;Eégéé’, ..* ° _ ‘ :@ESE‘U’ :
Signal efficiency  3.7% 29%  oqfti SESSEIILLACG o pt i
Exp. 7 bkes. 5.8 +0.4 51+0.4 SERR SRRV RS I SEREEES FEE SR
Obs. event 5 5 00z e Treigni ity el SERRRERRTL RS RN
o 2.8 3.0 by e RIS
518 008, it ';,g 00,77 18 18
UL (90% CL) < 4.2 %1078 <5.6x1078 M, [GeV/c’]
. . (a) 75 = p™y (b)
Most stringent limit on the muon channel so far. arXiv:2103.12994
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Lepton flavor violation in B —» ¢

« B9 - t%[* can occur in principle via neutrino mixing.
= Rate is ~ 10%4. Beyond experimental reach
* NP models such as Pati-Salam vector leptoquarks of
mass 86 TeV/c? give rise to BF ~10°.
« Full Belle data set is used: ~711 fb'.

* No exclusive reconstruction of the signal side .

" Buqg is reconstructed via hadronic decays. Use the
reconstructed B;,, momentum and the ete initial
momentum to determine the By;;, momentum.

= Calculate “missing mass” as,

B0 - Ti,u$

Belle preliminary

Events/(16 MeV/c?)

B° - D™t component

T T l T T T I T T T I T
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2
Mpiss = \/[(Esig - El)z - (T’)Bsig - I_jl) ] % 60: BO N Tie$
M,,;ss should peak at T mass. ?o 8 Belle preliminary ]l

» Background mostly from b — c and b — ulv decays. % “r 1[
« Signal yields are extracted by performing an unbinned z |
maximum likelihood fit o
to the M,,;¢ Mode £ Nig NYL-  Bvt -

distributions (x10~%) (x107%) e T A A ) 3

B - ¥ 11.0 18*52% 124 15 M, (GeV/c)
B rfe™| 08 03 116 16 3

See Hulya Atmacan’s talk LFV and LFU at Belle h > t =
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Prospects of LFV at Belle I e

Belle Il will collect about 10" 1 leptons compared to 10° presently available.
Sensitivity depends on the background

= 7 — 3 leptons mode is still very clean at Belle Il
= For 7 - uy better understanding and control of the background will be necessary.
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Lepton Flavor Universality

D
Do

BELLE

* Inthe SM, gauge bosons couplings to the three generations of leptons are independent of

flavor == LFU

« Several discrepancies are already observed in the B-decays related to LFU.

W
. * b - ~ ~- c b e ——— §
Decays: B —» DMl Decays: B - KMl
Variables: R(D), R(D") z Variables: R(K), R(K*)
) . -7
BF ~ 102 Ve B.F.~ 10
M 2 'O 1 T ] T

BaBar (2012), had. tag ad. .
o0 oo e sl —— B*/B° combined B
Belle (2015), had. tag (a) Belle (2015), had. tag (b) @
0.375 £ 0.064 + 0.026 — 0.293 + 0.038 £ 0.015 BELLE
Belle (2019), sl. tag Belle (2017), (had. tau) o 1 5
0.307 +0.037 + 0.016 0.270 + 0.035 + 0,027 0+ N
Average Belle (2019), sl.tag
0.340 + 0,027 + 0.013 — 0283 £ 0.018 £ 0.014
SM prediction + 0.03( i L
0.299 + 0,003 4 o “

LHCb (2018), (had. tau) ;!
PRD 94 (2016) 094008 0.280 + 0,018 + 0,029 = 1.0k — I —_—
0.299 £ 0.003 L A )

verage S
PRD 95 (2017) 115008 0.295 £0.011 +0.008 1 I
0.299 £ 0.003 SM prediction
JHEP 1712 (2017) 060 0.258 £ 0.005 |
0.299 = 0.004 b PRD 95 (2017) 115008 il
FNAL/MILC (2015) 025720.003 0.5} R
0.299 £0.011 (lllzlta%l’+lgétl’8(2017) 061 B8 .
HPQCD (2015) THEP 1713 (2017 060 I SM prediction
0.300 = 0.008 » JHEP 1712 2017) 060 g, ° ‘

. . +
HFLAV HELAV +¢+ Data for B” and B* modes
| | | 0.0 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O [ 10 1 5 20
9
02 0.4 02 0.3 0.4 ) 5 4
R(D) R(D*) q° (GeV</c")

q? (GeV2/c?)

Global Average: 3.1 o discrepancy with SM for R(D™*) ‘ Comb. (B/B*)

) . [0.045,1.1] | 0.52*33¢ +0.05
Latest Belle Results: PRL 124, 161803 (2020) with SL tagging  [77 0967035 £ 0.11
R(D*) = 0.283 + 0.018 + 0.014 : agrees with SM within 1.1  [10:045,191 | 0.94253 £ 0.08

R(D) = 0.307 + 0.037 + 0.016 : agrees with SM within 0.2¢ | Ri- = 0.84673812+3013
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Largest deviation is in
the lowest g?bin. Same as
LHCb

Evidence of LFUV at
3.1 o level.
arXiv:2103.11769




Lepton Flavor Universality: B® —» K*%tt¢~

LFU can be further explored by studying B® - K*9t*7~,
Highly suppressed in the SM, FCNC process, BF 0(1077).

Sensitive to BSM models in which coupling is proportional to mass or only couples to the third

generation.

Full data set (~711 fb-') from the Belle
experiment is used.

Experimentally difficult. Presence of the neutrinos
in the final state makes the full reconstruction of

Observation:

N

the decay difficult.

B,44 is reconstructed completely from hadronic
decay modes. Tagging efficiency ~0.24%.

Signal 7 is reconstructed from: t~ = e~ Vv, v,

sig

" > u v, v, and T - - v . Signal selection
efficiency: 1.2 x107°
is determined from a fit to the extra energy

in the ECL, not associated either with B, or

Bsig- Signal region is defined by E£{™

Bipul Bhuyan | SUSY 2021

< 0.2 GeV.

Nyig = —4.9 + 6.0
Nyrg = 1224 + 4.9

See Hulya Atmacan’s talk LFV and LFU at Belle

Events/(0.1 GeV)

Pull

BELLE

2

i o Data — Fit
- Signal (x-10)  -—B%B’
i - BB —.qq
B ----Rare B utv
100— Belle preliminary
50 AAAAAAAAAAA
ot“[fJ_~__liijl _:'T—_:“ﬁx_ I""-'i-"_l e T Ny v
4_
2_
AT LRIV
L bt o titt oty
-4 . . )
0 0.5 1 1.5 2
Eper (GeV)

90% CL upper limit on BF at
2 x1073

First experimental limit on this decay.
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Dark Sector Physics

Zwicky, 1933: first suggestion for the existence of unseen “dark” matter after the analysis of
the velocity dispersion of galaxies in the Coma cluster.

Since then: numerous astrophysical evidences for its existence — all based on gravity
Structure of Cosmic Microwave
Background

Gravitational Lensing Galactic Rotation Curves

But its nature is still a mystery.

= Most favorable candidate so far: Weakly Interacting Massive Particles (WIMP)
So far null results from direct detection experiments and LHC

= New ideas needed to go beyond the standard WIMP paradigm.

Dark sectors can include one or more mediator particles coupled to the SM via portal.

€ Ly . ’ . . .
(—m B, F*,  Vector portal, mediated by A" with Spin 1 and odd-parity
£ ) (no+ ") HH, Higgs portal, mediated by a scalar
3{1"?{;# Neutrino portal, mediated by a fermion N
AR =

Axion portal, with a pseudoscalar a

Bipul Bhuyan | SUSY 2021 19/08/21
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Recent Dark Sector Physics Results at Belle

» Several results are already published on the vector portal as it is the most viable for thermal
models of light DM.

Introduce a new symmetry group U(1)p for the dark sector if the mediator is a vector boson, A’

The “kinetic mixing” interaction (g/Zcosew)B‘”F'v is invariant under gauge transformations of
both U(1)and U(1)y. g

« New results on the Higgs portal: B® - A’A’ [JHEP 04 (2021)191]

Bipul Bhuyan | SUSY 2021 19/08/21

SM: BF for the 4/ channel is 0(1071?)
« Low SM signal and background. Ideal to search for BSM.

Assume that A’ decays promptly and all dark sector
particles coupling to A’ are heavier than A’ t A

- = A’ can decay only to SM particles.

5 decay modes (4e, 2e 2u, 4u, 2e 2w, and 2u 2m) for the
reconstruction of A'.

Search for A’ in the mass range of (10 MeV — 2.6 GeV) with 10 — 20 MeV interval.
Major backgrounds:
- SM resonances mis-identified as A’ : J /i, ¥(25), DY, light mesons (K, p°, ¢, etc.)
« ete” - qq, especially for [*I71*]™ modes
» Suppressed by the Fisher discriminant
« Combinatorial, leptons mostly from semi-leptonic decays of quarks.

12



B? > A’A’ Results

» No significant signal yield observed.

« Calculate 90% CL upper limits using Feldman-Cousins unified approach (clean background)
= UL mostly 0(1078 —1077).Up to 0(10~>) near the light meson rejection region.

90% CL UL on the Higgs
portal coupling (A) as a
function of dark photon mass
for different masses of dark

Higgs.

90% CL UL on the Higgs
portal coupling (A) as a
function of dark Higgs mass
for different masses of dark
photon.

10!

10°

E —— mp =2.00 GeV/c?
E —— mp = 4.00 GeV/c?

vvvvvvvvvvvvvvvvvvvvv

—— my =8.00 GeV/?
— mp =524 GC\"/C2

my = 0.02 GeV/c?
my = 0.24 GeV/c?
ma = 1.00 GeV/c?
my = 2.00 GeV/c?

BB~ AA)=7x107 x A x V3 x

nnnnnnnnnnnnnnnnnnnn

k' mass (GeV/?)

A’ mass (GeV/c?)

Higgs portal coupling (1)
derived from the following
equation:

Vau +12m, 1mi
AR a2 2

Tammg e A
" 'B

[PRD 83 054005]
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N e

B c'c ' Observed candidate events

Il ctewia

N ptprtae

05 1.0 15 2.0 2.5
A’ mass (GeV/c?)
90% CL UL on BF(B® — A’A’)

f —— B(B" = A'A)
B(B® — A'AY)
C xB(A" = ete™)? ]
B(B° —» A'A) 3
- xB(A" = p*p)?
\ g
: = \ :
0.0 0.5

See Giacomo De Pietro’s talk on Dark Sector searches at Belle

Bipul Bhuyan | SUSY 2021
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Significance

D
+ - + .= 7'
Search fore™e™ - u™u ZL”_LT

Dark sector U(1) gauge boson (Z').

Search for the Z' in gauged L, — L, model through Z' — pu*pu~ .
= 7' only couples to heavy leptons (u, t) and their neutrinos.

Z'L”—L, can be solutions of (g — 2),, anomaly, but almost

rejected in our energy range.

~679 fb-1 data is used from Belle, collected at alll
the Y(nS) resonances.

Signal extraction: binned maximum likelihood fit, total 9788 fits for
different 7' masses, in Steps of 1 MeV/c2 ISR Correction factor (. Nucl. Phys. 41,

Events/ ( 0.004 )

_ 2 2
mgr = \/[m,ﬁu- —4m;ppel

466 (1985)]

= |

g

8
T T

S0~ + Data
r { — Signal + background fit|
---- Signal fit
D Background fit
% G 02 03
my, [GeV/c?]

I\
2
ISR, 2 Crystal Ball =N LBe 1% NI1-TI
Non ISR, 3 Gauss o) s ISR,/ 1sk( g
.- P @, i 4
TR = acuum polarization
4‘:i. 03 tor [Eur. Phys 107
T 1
N
X o
¢ f N 1072
14 : P P.
! 2
: R ) oy = N/LBe g LA
® iy A A
R * - i 1073 i & R — - BABAR
Pliep ™ T 10°F —Born i — Belle (Born) CCFR
Belle prgﬁminary """ V'S'blle Belle preliminary | T I-?ﬁelllclel(?/llsmle) | :r:::s:ICIT|AIRIr\AI-|I|I |
P | MR P PR R 1 1 L1110 1 L 1 L1 11
2 4 6 8 1 10 1 10
m,. [GeV/c?] m,. [GeV/c?] my. [GeV/c?]
Significance of Ny 90% CL UL on the cross-section 90% CLULon g’
19/08/21

Bipul Bhuyan | SUSY 2021 See Sascha Dreyer’s talk for Belle Il prospects
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D
Radiative Penguin Decay: B— K*y S

H H et
« b — sy are FCNC processes, allowed only through loop diagrams in the ,—— == — s
SM.
= BSM particles can enter the loop to alter the BF and other observables such
as CP asymmetry, isospin asymmetry etc. ; - -
Two-Higgs Doublet Model, Type I 8 SD'_ :$|qnal Belle Il 2021 % 10F= :glgnd Belle Il 2021
“:45 R AR R R E ::: ~:*CGF J.(Preliminaryb £ s ...BKg {Preliminary)
. 8 95% CL excluded regions 3 3 =62, ! 7‘: E SCF . - 62, 1
Strong constraint " mms M § “of- w=ezeh g o T BRI
; U 3 3 40:— (. b
already on the i /A — q = I ’
2HDM Type I TR B TN
from B — XS)/ - _E v A (O] oo e "% }ﬂu‘;s
15 —i (a) B 5 K*9[Ktx |y (b) B = K*t[K%=y
Eur.Phys.J.C 78 (2018) 8, 675 1o 3 ‘
’ , el j: 2 Belle II 2021 é i Belle Il 2021
200 300 400 500 600 700 800 900 E e " Bk (Preliminary) - g: (Preliminary)
Mﬂﬁ [Gev] g SCF J.Ld! -628fo é L J‘LO! =6281b
. . A "F 3
* B - K"y suffers from large uncertainties  ~ « | + |
5;— - ‘./*( \ 5: -
due to form factors. e i e I I TR M
. . AE [GeV] AE [Ge
= |mportant observables are CP and isospin ' J
. . . ) () BYf = K*[Ktx%y (d) Bt 5 K*¥[K2xt]y
asymmetries. Most uncertainties cancel in
. Mode Signal yield|Signal efficiency (%)[B.F (Fit) x10~3|B.F (PDG) x10-5
the ratio. BY 5 KYK*tx|y| 454+ 28 14.9 46+03+03 4.18+0.25
= Belle has already reported a 3.1 ¢ discrepancy |2’ = K“lks"ly| 50+10 17 44£09+06 | 4182025
. . . Bt — K+t [K+x0]y| 160 +18 4.7 51+0.5x05 3.92+0.22
in the isospin asymmetry. (PRL 119, 191802 (2017)) |+ - Kk++[K2r+}y| 160+ 17 11 55406404 | 3924022
I'(B— K'y)—T(B - K*y) Results from Belle Il on B —» K*y are consistent with SM
CP asymmetry Acp = —=——= 0 0 n ot
I'(B—- K*y) +T'(B - K*y) ['(B® - K*y)—=T'(BT™ - K"y)

[sospin asymmetry A,y = [(BO = K0y) + [(B* = K**y)

Bipul Bhuyan | SUSY 2021 19/08/21




D
EW Penguin: B - K*v vV ko

FCNC process, yet to be observed experimentally.

= No photon contribution, much cleaner theoretical
prediction: BF (B - K*vv) = (4.6 + 0.5)x107°

= QObservation of this decay can help constrain BSM
models: leptoquarks, axions, dark matter particles

Previous searches are based on tagged analyses
" B, is reconstructed completely from semi-leptonic
decay modes. Signal efficiency ~0.2%.
Bqq4 is reconstructed completely from hadronic
decay modes. Signal efficiency ~0.04%.
Belle Il use a new approach based on inclusive
tag
= No explicit reconstruction of the second B-meson

» Use BDTs to exploit the topological features of the
signal vs background

»= Much higher signal selection efficiency: ~4.3%
Further improvements are expected
= Additional data (already 3x more on tape)

= Additional channels such as the K*%vv, *®® B(~KvD)B
Kvv etc. e

arXiv:2104.06224 (submitted to PRL) A

Bipul Bhuyan | SUSY 2021

400

3
8
>
[43]

u,c t u,c,t

(a) Penguin diagram (b) Box diagram

.93 <BDT ;<095 ]0.95<BDT,<0.97 |0.97<BDT,<0.99] 0.99<BDT,

CR1 | i Belle II :
M tLdt=(63+9)

- BY K twu i
] Neutral B
B Charged B
B Continuum ]
+ Data

00 | scaled by 2 ]

0
0.5 2.0 24350520 24350520 2.435p.52.0 2.4 35
pr(K")[GeV/c]

SM Ay_grage

. Beue 1 (63 fb-*, Inclusive)
{ Tots war
B Bl 711 % SU

Belle 711 fb o’ ', Had)

10418 P

PO Babarﬁg%Zg fb* Had+SL)
qq N P TR T .
0 2 4 6 8 10
e .
/ 10° x Br(B*—K *vi)

See Yo Sato’s talk
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Rediscovery of B— n'K

D
o

arXiv:2104.06224 Belle II

Bedie Il - Prefiminary

First Belle [I measurement of a rare charmless e a—— o
hadronic B decay, mediated via hadronic penguin = g0 [0~
; L2 [
diagram. 3 of
= Sensitive to new physics in the hadronic loop. E .
; 60
Both charged and neutral modes, B? — ~
n'Kd and B* - n’'K* are studied. g 4of
I ; / + —_ . 43} I
= 7' isreconstructed fromn' - nr '~ withn > yyand 2 20
n' - py. [ Co T T )
= 62.8 fb' data collected in 2019 and 2020 are used. %2 5.22 5.24 5.26 5.28 5.3
M_, [GeV/cT]
= 40 Belle Il - Preliminary
Mode Ny,  sig.  e(%)  <B(%) B(107°) & —mom,_mK Im P
BT s1(=n(—=yy)r ® )K- 263715 257 31.7+0.03 545 63.9 43+4.0 ~ 35 FL07 '
B* 5 1f(p(— 7T 7)) K* 335 7% 222 242+004 705 6297 5+55 “o - } Data
B’ s of(=n(—=yy)rta)KS 80.0 T1h7 138 31.0+0.03 1.80 61.6 '35 +3.9 = 30 —_m
B? = o (p(— 7 )y) K3 99.7 1132 142 2364004 235 58577 +44 g o5 E. 5= signal
0 E —- Continuum
N 20F 3 Peaking
This analysis World average ; 16 E—
Channel B (xlOG) g’ 10 E_
B* = 1/K 63.4 T33(stat) + 3.4(syst) 70.4 £2.5 > 1 l+l L l *lll l l l l
B 5 /K” 59.9 T2%(stat) + 2.7(syst) 66 + 4 Woosf alTe] ,l L3313 ,_TJ-_ 1.
0 -{} o .r - L t",_.?f".Lr.“h IS g
5.2 522 5.24 5.26 5.28 53

Results are compatible with the world average.
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Rediscovery of B— J/YK;

«  Mesurement of sin(2¢,/B) using B® - J /K decay complements the one from B —

J/YKs.

Events /(2.5 MeV )

= QObserved signal yield is consistent with the Belle measurement with similar purity
= More to come: time-dependent CP violation and precise measurement of sin(2¢,).

Ngig (pTp™) = 267 + 21(stat) + 28(peaking)
Ngig (e7e™) = 226 + 20(stat) & 31(peaking)

D

arXiv:2106.13547 'C

Belle I

80 80
70F Belle N preiminary [ /1) — ptp” 70F BelleNpraimnary | /Y — ete™
680 E_ Lt=828 M % 60 E_ del:B:-‘,S oo
50 — B K, Jy signal T} S0F —+— Data
b — — Combinatorial background N oF —— B - K_Jy signal

: ~ Pesking background = : —— Combinatorial background
30 F » 30F

- | N
20

o Ylll{*}llll 4' lllL llnn Li
10F T ' | th T

ok { ok

40 580 60 70 80 20 10 0 10 20 30 4 50 60 70 80

20 10 0 10 20
A A E [MeV]
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Candidates per 1 MeV/c?

i i D
DOand D+ Lifetime Measurements arXiv:2108.03216 g

Belle I

«  Select high purity samples of D*" - D°(=» K~ n*)n* and D** - D*(— K ntn*)n® decays.
= 72 fb! of data collected during 2019 and first half 2020 is used in the analysis.
« Fit the distribution of the decay time with accurate modelling of the resolution.

« Dominant systematic uncertainties come from residual detector mis-alignment (D°) and from
background modelling (D*).
« Preliminary results are consistent with, and more precise than, respective world averages.

« Demonstration of excellent vertexing capabilities of the Belle Il detector.

= Combined PXD+SVD system provides average decay-time resolutions of about 70 fs and 60 fs,

respectively for D° and D+ decays.
Table I: Systematic uncertainties.

o Belle IT + Data 10* D° —» K~m* Bellenn Source 7(D%) [ ~(D7) [
[Ldt=72 87 —g“ kground 10° [Lar=72857 Resolution model 0.16 0.39
10° ' DRk Backgrounds 0.24 2.52
. D 10° t Data Detector alignment .72 1.70
. E — Fit Momentum scale 0.19 0.48
10 & Total 0.80 3.10
) =
: g
10* %’ Belle II World Average
<
© 7(D°) = (4105 + 1.1 + 0.8)fs  (410.1 + 1.5)fs
10°
7(D*) = (1030.4 + 4.7 + 3.1)fs (1040 +7) fs
175 18 185 19 195 2
Mass [GeV/c?]

Decay time [ps]
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B - DWK/mtowards ¢ /y measurement

arXiv:2104.0362¢ M

The decays B~ —» D™%z~ and B® - D™*x~ arise from the favored b — c transition.

= Some of the most abundant hadronic B decays with BF between 0.25% and 0.5%.

« B~ - D®™OK~ are sensitive to CKM unitarity-triangle angle ¢5 or y.
= “golden” mode: B~ -» DY(K,ntm™)K~

» Many systematics cancel in the ratio calculation.

» (Can test theoretical predictions: factorization, SU(3)
symmetry breaking in QCD.

Analysis is based on 62.8 fb-' of data.

» Results are consistent with the world average.

Re-optimization of the Belle ¢; analysis
on-going

Aiming for first Belle + Belle Il combined
result shortly.

B~ = DYK—wt)h~

B~ — DYK3rtn~)h~ B°— Dth-

Belle IT R*/% (x1072) 7.66 +0.55 *0.1%
LHCb Rt/0 (x1072)  7.77+0.04 £ 0.07 [24]

6.32 +0.81 0% 9.22 +0.58 + 0.09
7.77+0.04 £ 0.07 [24] 8.22+0.11 +0.25 [25]
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Events /(6 MeV)

Pull

Ratio between decay rates are important observables:

R()0 —

RO+ —

['(B~ - DMOK)
[(B~ -» D®™ox~)
['(BY - DM*+K™)
['(B® —» D™+x™)

= Belle I (preliminary)
j Ldt=628fb"

B — D(Klrm)h
pion enhanced

booo B85B3 83353

Events / (6 MeV)

Pull

0.05 0.1 0.15
AE (GeV)

Belle Il (preliminary)

B — D°(K:x'n:')h'

Lat=628fb" kaon erlhanoed

-—-— BB background
-I--— aq background

o1 005 0 0.05 01 015
AE (GeV)
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Belle Il Run Plan

2021: Already collected about Belle Il Luminosity Projection

213 fb-1

2021: Autumn run.
= Y(4S): ~ 400 fo-!

= 10.75 GeV + Scan for 10 fb 1 is
planned.

2022 Summer: ~ 700 fb1 (
equivalent to total Belle data)

-
o

~ 60

(o]

Peak Luminosity [x10%° cm™s™]

A
2022 Long shutdown1 (LS1)
= Full pixel in the 2" inner most 5 |
layer. .
= TOP PMT replacement o |
2026: ~15 ab! 2019 2021 2023 2025 2027 2029 2031

2031: ~50 ab"
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Summary

Flavor physics at the electron-positron collider offers an extremely rich physics program with
many opportunities to probe new physics beyond the SM.

= Much cleaner environment: great for physics studies with 7%,y and v. Inclusive analysis
possible with full control on the event kinematics.

Belle continues to produce interesting physics results which are sensitive to the BSM
searches.

=  Will continue to do so for few more years before Belle |l takes over.

Belle Il has already collected about 213 fb-! of data. Complimentary physics program to
LHCb.

= Started to publish competitive physics results. Several new ideas to increase the
sensitivity per fb-! of data.

= Planning to collect 50 ab-! of data by 2031.
= Exciting time ahead in flavor physics.
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Precision Measurements at Belle Il vs LHCb

Table 16. Expected errors on several selected flavor observables with an integrated luminosity of 50ab~" of
Belle I data. Errors given in % represent relative errors. In the final column we denote where LHCDb is expected
to reach a highly competitive level of precision: if one experiment is expected to be slightly more accurate we

Tist it first.
Observables Exp. theor. accuracy Exp. experim. uncertainty Facility (2025)
UT angles and sides
& ] ses 04 Belle 11
& [°] ad 1.0 Belle 11
& I°l sxs 1.0 LHCb/Belle 11
[Vzs) incl. ses 1% Belle 11
V.| excl. ses 1.5% Belle 11
[V, incl. *s 3% Belle 11
[Vas] excl. * 2% Belle IVLHCb g w ) ”
P vitation * Details in “The Belle Il Physics Book”,
S(B — ¢K°) ses 0.02 Belle 11
g oo Bete 1 Prog. Theor. Exp. Phys. 2019, 123CO01.
AB — K°2°) [10-?] e 4 Belle 11 _ . ]
AB — K+x-)[107)] sex 0.20 LHCb/Belle 11 * ete™ collider: much cleaner
(Semi-)leptonic . . .
B o o I - - Belle 1 environment, good for final states with
B(B — uv) [10-%] ** 7% Belle 11 0
R(B — Drv) ses 3% Belle 11 Y, T and v
R(B — D*tv) sxs 2% Belle IVLHCD . . . .
I — » Possible to do inclusive analysis by
B(B — X s 4% Belle 11 " . .
B> )10 0,005 Belle ! exploiting event kinematics.
S(B — KSx0%) ses 0.03 Belle 11
S(B = py) *s 0.07 Belle 11
B(B, — yy) [10-] *s 03 Belle 11
B(B — K*vv) [10-5] sxs 15% Belle 11
R(B — K*££) sxs 0.03 Belle IVLHCD
Charm
B(Dy — pv) s+ 0.9% Belle 11
B(D, — tv) S 2% Belle 11
Aep(D° — K2x°) [10°2] *s 0.03 Belle 11
lg/pl(D° — Km+x~) b 0.03 Belle 11
Acp(D* - 2% [1077) ** 0.17 Belle 11
Tau
- py [10-9] ses =50 Belle 11
- ey [107°] ses =100 Belle 11
T — ppp (10717 = <3 Belle IVLHCb
Bipul Bhuyan | SUSY 2021 19/08/21

24



