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SM suppressed
and forbidde
decays

Null tests of
the standard

model (SM)

* Duirect searches at Energy Frontier = no signal
of new physics = stringent limits at few TeVs

e Indirect probe at Intensity Frontier = precision
measurement of flavor observables, suppressed
decays in the beauty, charm and tau sector etc.

* Belle II 1s unique and complementary to LHCb

Test lepton flavor

Hidden and
universality and

dark sector
at GeV scale
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Collision
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~ I, ete” = ~* = hadrons
CRIN
HEN {bb)
Q |
I5F 4 0 +
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I
Top ‘. =
+§ 5-_ / ‘:\+ : l*.w " Y(4S)V's = _-0.579 GeV
© | + ‘ iw* | o Yion, rereenn |
LD YCS YO coninuun  NE |
944 946 10001002 1034 1037 1054 A 1058 1062
Mass (GeVic)  2Mg
0 e*e™ annihilation at a center-of-mass energy (+/s) near the Y(4S)™ resonance =
the production of coherent B-meson (B or B*) pairs
A Data recorded below the peak (“off-resonance”) used to model the ete™ - qq
continuum background
 Hermetic detector enables the capture of almost all detectable particles; great for
the reconstruction of neutrals (y, 7°, K l? )
 Average particle (charged + neutral) multiplicity: 15-20

t .
Data taken above the Y(4S), e.g., that at Y(5S) can be used for BY meson studies
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Dataset an srformance

O Peak luminosity: 3.8x103*cm™%s71

(world record)
O Path to reach 2.0x103°cm™2%s~ ! has

been defined

 Still large factors to arrive at target
peak luminosity (6.0x103°cm™2s™1)

O Data recorded: 330 fb~! of which a
maximum of 190 fb~! used in the
studies presented

» A glance at performances relevant to the analyses shown in the talk
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@ Exploit the clean e*e™ environment and well-defined kinematics (beam energy
known to a few MeV precision) to reconstruct signal-side B candidates

Mbc = \/Eggam - ﬁg’z
AE = E;eam — EE




@ Exploit the clean e*e™ environment and well-defined kinematics (beam energy
known to a few MeV precision) to reconstruct signal-side B candidates

My = \/Eggam o ﬁZ’Z
AE = E{;eam _ EE
O Fight the continuum background using the difference in event topology (spherical
BB vs. jetlike qq) and decay properties (exponential B decay vs. prompt qq)




Exploit the clean ete™ environment and well-defined kinematics (beam energy
known to a few MeV precision) to reconstruct signal-side B candidates

My = \/Eggam o ﬁZ’Z
AE = E{;eam _ EE
Fight the continuum background using the difference in event topology (spherical
BB vs. jetlike qq) and decay properties (exponential B decay vs. prompt qq)
If the signal B candidate has = 1 invisible decay product, utilize properties of the
recoiling (‘tag’) B candidate

( Displaced ] ( Neutral ]
ve 4 Tracks )
! Vertices Clusters
T
+ + + + 0
e 7 K 7r 4 K, i
e Y (45) e~
I A g
B Kg 2y
7
T D )° Dt D, 4,
MVA based tagging algorithm using a hierarchical i D
approach (‘FEI’) Comp. Softw. Big Sci. (2019) 3:6 o

Reconstruct close to 10,000 distinct decay chains
About 30-40% improvement in efficiency for the same purity compared to Belle



Start with a lo anding puzzle

th V:‘b (excl. at CL > 0.95) _;
| Vol | "\
N -
Exclusive B — wlv Inclusive B — X, lv Exclusive B — D™y Inclusive B — X, lv
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O Discrepancy between exclusive and inclusive determinations of |V, | and |V,p|



Measuring CKM

element |V ;|

Q Reconstruct B —» we*v,(mr = wtor %) decays
O Key challenges: statistics and " reconstruction

ve K
!

L Perform a likelihood fit to missing mass squared
distribution in three ¢% = (p, + pve)2 bins:

@ Mrzniss - (pe"'e_ - thag — Pe — pn)z

T D Belle Il Preliminary [cdt=189.3fb?

N
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[ == Background

-~/ MC stat. unc.
L ¢ Data

O Observed significance: 3.8 — 5.40
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B(B® - n-e*v,) = (143 + 0.27 + 0.07)x 1073
B(B* » nle*v,) = (8.33+1.67 + 0.55)x1073

=
o
T

O Quoted uncertainties are statistical and
systematic, respectively 0
d Within uncertainties, results agree with

. st
their world averages 1.0 -05 00 05 1.0 15 20 25 3.0

MZ2. . [GeVZ/c4]

Events / (0.29 GeV?/c4)
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Q Translate the unfolded g2 spectrum into
differential branching fraction dB/dq?

Q Do a y? fit of dB/dq? « f2(q%)|V}]
using BCL form factor parameterization
and lattice QCD constraints (Fermilab
Lattice + MILC Collaborations)

PRD 92, 014024 (2015)
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Decay mode Fitted |Vyp|
B® - metv, (3.71 £ 0.55) x1073
Bt — 7%y, (4.21 + 0.63) x10~3
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Candidates/(0.10 GeV?)

O Reconstruct the decay chain B® - D*~[- D°(= Ktn)ng €1y,

Measuring CKM

X element |V |

(J Candidate selection relies on

 Key challenge: detection of the m¢ emanating from D*
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(d Measured branching fraction is consistent with the world-average
B(B® - D*~#*v,) = [5.27 + 0.22 + 0.38]% vs. PDG: (5.66 + 0.22)%

» Dominant systematic sources: g detection and FEI efficiencies

2 —
a) Mmpiss =

(Peve = Phiag — Pt pp*)z

b) difference between D* and D mass = Am
c) mass of D candidate = my,

2 3 « Dat:
 Belle Il (Preliminary) JLdt:189.3 o s; o

[ B Dw'p“v,Ll and cc. BsG

1 ---selection

4 05 0 05 1 15 2 25
Missing mass squared (GeV?)

Candidates/(0.5 MeV)

160
140
120

100 |
80 |
60 |
a0f
20 |

- Belle Il (Preliminary) J. Ldt=189.3 b
B - D«'u+vl_l and cc.

0 - ——— e,
136 138 140 142 144 146 148 150 152 154

D*-D mass (MeV)

o Data
[dsignal
@BG
---selection

Candidates/(0.002 GeV)

120

" B” > D e*v, and cc.
100 |

[ o 3 « Data

| Belle Il (Preliminary) JLdt:189.3 fb Dsignal
EsG
---selection

D mass (GeV)

11



d Fit % < F2(W) |V, |*néy using the

cb

F()IV 1 [107

TlEW

|Vcb|

CLN form factor parameterization

NP B530, 153 (1998)

with R4 (1) and R,(1) constrained
to their HFLAV averages
1 w is the product of velocities of the
initial and final mesons:

w = (mg + mzz)* —q%)/(2mgmp*)

Belle Il Preliminary

0.008
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30 b

e best fit
—68% CL
---90% CL

J We obtain:
> newF(D)|V.| = (35.3+0.4) x1073
> p?=094+0.21

O Subsequently derive:
V.| = (37.9 £ 2.7)x1073

p2

5'...|...|...|...|.. I RN BT B
0O 02 04 06 08 1 12 14 16 1.8 2

12



2004 -
20081
2012+
2016+

2020

together

Exclusive B — wly Inclusive B — X [v

[ —

Ay — plv
—_—
N —

%Xclusive e
verage

—e— ——e— tagged BII

o B — mev

R —

P —

3 4 5
V| x 10

2004+
2008 1
20121
20161

20181
2020 1

Exclusive B — DWy

Inclusive B — X, v

tagged BII . -
BY —s D*+EV.
36 38 40 42 A4
|V;b| X 103

 These first tagged determinations of |V, | and |V, | from Belle II are statistically

limited

d We expect a higher precision with untagged measurement as the corresponding

efficiency 1s 20-30%
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 Using operator product expansion (OPE), the decay width can be given as:
GEmg 0 0 1
po GEmY (1 L W05 | csW0sw) | (_))

19273 2 > mp

mp, my
where O; hadronic matrix elements and c¢; corresponding Wilson coefficients
1 Moments of E, and My can be expressed with the same OPE formulation
= need to measure moments for constraining the expansion parameters
3 Novel idea: use g> = m3, moments due to less HQE parameters JHEP 02 (2019) 177

d Reparameterization invariance: 13 — 8 HQE parameters at 0(1 / mg)

Q Performed a new measurement of ((qg?)") forn = 1- 4

14
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O Left plot is the data-MC comparison of

O Lower plots show n = 1, 2 moments of
g? as a function of its lower threshold

» Expect the global fit for inclusive |V |

(%) [(GeV?/c?)?]

the g2 spectrum with background yields
obtained from a likelihood fit to My

using these moments in near future
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First measurement

Belle+Belle Il data

1 A model-independent

Dalitz plot analysis of
B* > D(KQh*th™)h?
(h = K, m) decays

J Simultaneous fit of two

3 8 _ 2
— L i
:Q 55 v (\f\_, 1.8
% 2; GE % 18y §
O, s 2 £
T_; 1.5} 4 2 Q 141 g
o w S ow =
< 1 30 X 1.2/ @
oy oLl
0.5t 2 i, -
05 1 15 2 25 3Mi 1 12 14 16 1.8 "1
m? (Kor) [GeV/c'] m? (KJK") [GeV?/c”]
Sample Pion-enhanced Kaon-enhanced E
D decay Component Belle Belle 11 Belle Belle 11 %
D — Kdntn~ Bt — Dnt  |213254+162 4193+70 [1764+64 308 +23 g’
Bt - DK%t 140 £+ 29 62+ 11 | 1467+53 280+ 21
BB background | 5040 +155 1223 +68 |13094+85 387+ 42 =
qq background | 9022 4+ 172 1657 £69 | 6295+ 122 1021 + 47 &
D — KJKTK~ Bt —» Dnt 2740 + 56 519+21 | 211418 50+ 10
Bt - DK™ 174 21+0.2| 194+17 M4+7 |
BB background | 333 + 31 a1 | 110418 7.5 E
qq background 409 + 37 124 +14 | 309+ 28 92+ 11 u:j
2

d We obtain ¢p; = (78.4 + 11.4 + 0.5 + 1.0)°
(] Statistically limited = expect an LHCb-like

precision in 10 ab~1data

Pull

channels

JHEP 02 (2022) 063
120 Belle B' - D(Kx w)K* |
100 | Ingnm" ...... B"— Dn
= E N |[—=- B*_—) DK*

) [ BB background

60 t [- - -- 99 background
40

0 0.05

01 -0.05

AE [GeV]

3 Belle Il
E J-L dt=1281"

B' - D(Kxw)K*

. .
-0.1  -0.05

0 005 01 015
AE [GeV] 17



kel

d] . U Can extract a using info from three isospin-
W/.<ﬁ_-p related decays B - p*p® B% - p*p~, and
o5 b . = . u BY - p%p° PRL 65 (1990) 3381
& a 3 _'PO 1 Belle II is unique having access to all of them

[ Need to measure direct CP asymmetry in Bt - p*p?® where both p* and

pY are longitudinally polarized

a) Rate asymmetry of BT - ptpY and B~ — p~p° = arising due to potential
interference between b — u tree and b — d penguin diagrams

b) Longitudinal polarization fraction = sensitive to helicity angle distributions

> 160 Belle Il (prelimi > 160¢ Belle Il (prelimi
> ! _ _ 0 preliminary) ) ! + + 0 elle Il (preliminary)
= 140} B™ - p P J.Ldt=189.25fb'1 = 140 - B™ - p P _[Ldt=189.25fb"
T} i T} [
0 T 120} ~ 120
@ . o i = Fit result
o o
6D template S ool 10 — Signal long
fit including  § 5o =l e
. T 60} 2 60 |mm BB bkg
correlations  § 8 x5
[}
e B pm
s =2 Contihnuum
B0 B P e it ] — S — PR—
%§ g}.ZZ"ZZ}ZZZfIZI{ZZZfZZ_*ZZZ?ZZZIZZZ'ZZ'ZZZ;ZZZ*.'ZZZ{ZZIZZ.*.ZZTZZZ'ZZZ{ZI}Z %§ gZ{Iﬁfﬁﬁtiﬁ;ﬁﬁfZZIII;'Iﬁﬁi{ﬁﬁ;ﬁﬁfIII;Iﬁ;ﬁﬁﬁfﬁﬁfl}ﬁﬁﬁiifﬁ{;ﬁﬁf
E 9 2 purinnmnrennann e bdnnnemnnnlo £ § 2 Foesniantio R Y N/ RS SN, S
B o 4 | I ] L L 5 o 4L | | L L L
zX 015 -01 -0.05 0 0.05 0.1 015 zX 015 -01 -0.05 0 0.05 0.1 0.15

AE [GeV] AE [GeV] 18



Candidates
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200 |
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100 |

Belle Il (preliminary)
j L dt = 189.25 fb”

E D+ +,0
300;B PP

250 |

= Fit result
== Signal long
Signal trans
o 350 | Belle Il (preliminary) — Self x-feed
o i y |mm BB bkg
= 300 J-L dt=189.25fb — B— foX
) i
o EB"'—)p"'pO :gif‘“
8 250 |, Continuum
© T
2 200 | i
© [
= i
&S 150}
100
50
© 4 F
8% 2f
© 0FE.
€a 2F
BOJ—'4_...I...I...l...I...I...I...I...I...I...
z¥X _1 08-06-04-02 0 02 04 06 0.8 1

cos(;)po

Acp = —0.069 + 0.068 (stat.) 4+ 0.060 (syst.)
B(Bt — p™p°) = (23.2133 (stat.) £2.7 (syst.)) x 107°
0933 (stat.) +0.027 (syst.)

fi = 0.943

L Results compatible with previous measurements, driven by BABAR

PRL 102 (2009) 141802



Crucial parameters for time-dependent studies

a) Vertex resolution Belle II: erag = (30.0 + 1.3)%
b) Tagging efficiency Belle : &1 = (30.1 £0.4)%

EPJ C (2022) 82:283

Modified beam-energy scheme means a reduced boost with respect to
Belle: fy = 0.43 - 0.29 = Az = 200 - 130 um

Recover the precision on At (= Az/[yc) by having the first layer of
the vertex detector just around the beam-pipe

New (nano) beam scheme means a smaller beam spot that can also be
used as a stronger constraint to improve the precision on vertex fit

20



A step in that direc iIXing and lifetime

2500

Use about 40k decays reconstructed from — _ " faeieir®reiminary) s ]
hadronic B® - DW=t /K* channels =000} L ot=100 t B%oEE
21500;
rI
7o = 1.499 4+ 0.013 (stat.) + 0.008 (Syst_) ps 78 1000-
Amgy = 0.516 + 0.008 (stat.) & 0.005 (syst.) ps ] & 00
> Of
d Results compatible with current world ‘g O
0.0 -
£
averages .

Compared to best measurements of Belle and BABAR

» Slightly worse statistical uncertainty which can be improved with the
inclusion of B® - D™~ ¢*v channels

Better alignment and background systematics

Comparable resolution modeling systematics

>
>

AN

Key milestone in the Belle I program: now ready for time-dependent
CP violation studies 21



In fact, we hav eady started...

 Perform a time-dependent study to measure the branching fraction and
direct CP asymmetry for B® - K% decays
—|At| /TBO

47'Bo

D In the SM, CACP ~ (0 and SCP ~ Sin Zﬁ

1 Further, branching fraction and Ap are inputs to an isospin sum rule
proposed in PLB627,82(2005) = null test for new physics

€

P(AL) =

[1 4 ¢{Acp cos(AmyAt) + Scp sin(AmyAt)}H

LA aa BETY T B 7y @
Kn — Sgtg~ K07r+B(K+7T—) Tt Ktr° B K-l- - TB+ 2‘ K+ —

1 Time-dependent study in a decay without any primary charged partlcle
coming from By, is challenging and likely the sole preserve of an e*e™

flavor factory e

v" Need good performance with neutrals and beam-spot constraint



4D fit comprising My, AE, continuum suppression output, and At

QA UseB® - J/yp(utu)K to calibrate the signal At shape

1 Fix the §.p value to current world average in order to maximize the
precision on A qp

Events / (0.015)

Pull

Il
OJI\)_';O_LI\)OO
Pull

1.
WN L O LMW

40 o Belle Il (prefiminary) a5t
35 © Pald I ’ -~ e Data Belle Il (preliminary)
- —TotalFit Ldt = 189.8 fb 30F — Total Fit p " y
30 s B > Kgm R E s B® — KO 70 Ldt = 189.8 fb
- —BB w 25~ gy
251 Continuum e - .
E < 20F - Continuum
20_ §%] -
[
(0]
>
L

“Atlps]
Acp = —0.411039(stat) £+ 0.09(syst)
B = [11.0 + 1.2(stat) + 1.0(syst)]x107°

23



Branching fractiofffor B — Kor’y

3 In the SM, photon is (right-) left-handed in (B®)B® - K{m% = we do
not expect any time-dependent CP asymmetry in B® - KJ7 %y decays

d Potential new physics can give rise to different chirality structure
PRL 79 (1997) 185  JHEP 12 (2013) 102

1 Belle II provides a unique setup for testing this possibility

> 4B ‘ Belle Il 2022 (internal)
8 40 [Ldt=190 1"
g 35 Data
S 30
e a5
@ 20f + Data
2 : — Signal+Bkg
o 16F ---- Signal
. . :'g E 3 gna
In preparation for time-dependent S 10F - Background
. . © E *,
analysis, measured the branching J °f . e L
. 0 U T T T 5 T SN AT (o O W U P A o P IS odeba n
fraction: 05 04 03 02 01 0 01 02 03 04 05
B = [7.3 + 1.8(stat) + 1.0(syst)]x107° AE [GeV]

v Compatible with world average (7.0 + 0.4)x107°
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Moving to rela adiative decays

Branching fractions for B -» K*y with K* - K*n~, Kdn° K*n® and Kdn°

 Extract the signal yield from an F 4 Data
: : o e s 80F _Fit Belle Il
unbinned maximume-likelihood 2 70f —-sSignal (Preliminary)
. ) S s0f - Bk )/_1
fit to the AE distribution S SCF ILdt - 62.81b
3
§ 40
O Branching fractions are in fair 2 o
(@)
agreement with world averages 10 EwA Y L _
0 . Ll 1 T Y — el )
Mode Signal yield |Efficiency (%)| Bmeas [107°] /—0.4 -03 -02 -0.1 0 01 02 03
BY - K*0[K+n~]y| 454428 | 15.2240.03 [4.5+£0.3 +£0.2 AE [GeV]

BY —» K*[K3r %y | 50+10 | 1.734+0.01 |4.4+0.9+0.6
BT — K*T[KTnYy| 169+18 | 4.84+0.02 |5.0+£0.540.4
BT — K*"[K{rT]y| 160+£17 | 4.234+0.02 |5.440.6+0.4| arXiv:2110.08219

d  Major systematic sources: fit model, mis-modeling
of m°/n veto, and selection variables in simulation
(hard photon from asymmetric
to/n faking signal y)

(depending on the channel)

v Update with full available dataset is ongoing to measure the branching

fraction, CP violation and isospin asymmetry; may be noted that Belle

has observed 3.10 evidence for 1sospin violation PRL119(2017) 191802 .



Talk g town

5k " “1 . 0O If one keeps mass terms aside, the SM does not
By w* K >
o W s distinguish between leptons of different flavor
[ The ratio:
yIZ° ¢ R(K(*)) _ B(B=K™pup)
pu B(B—K(*)ee)
U is expected to be one to an accuracy of 0(1072)
i K+\> = lepton flavor universality (LFU)
L New physics can affect these observables
& v" LHCD finds evidence for LFU violation
: Baar i ReBelle
- i 0.1<q?<8.12 GeV2 ¢ o v 1.1 < g2 < 6.0 GeV/c*
PRD 86 (2011) 032012
" : R . Belle
e 1 1BeOIIi G°<6.0 GeV?c™* ? 0.045 < g < 1.1 GeV?/c*
JHEP 03 (2021) 105 ) : R, Belle
LHCb 5 fbo N 5 1.0 < ¢2 < 6.0 GeV¥/c*
1.1<q¢?<6.0GeV2c* 1.4
PRL 122 (2019) 191801 —&— 140 RplHCOSUN
: : 0.045 < ¢>< 6.0 GeV“/c*
<«—>i3.1o LHCb 9 for" :
—.— 1.1<q?<6.0GeV2c <—>i 1.50 R, LHCb 9 fb"
1 ! Nat. Phys. 18 (2022) 277 * ; 1.1< g < 6.0 GeV¥/c*
05 1.0 15 ) ] 7 3
Ry RKH) 26



Candidates per 24 MeV ¢ 2

Entries / (3.0303 MeV/c?)

Something

JHEPO3 (2021) 105

1 Belle (II) has got
similar sensitivity
both for electron
and muon modes

1 Electron mode is
not as clean as the
muon for LHCb

(lower two plots)

- + + .t o e + +,,t,—
60~ B™ - KTeTe S ~ Bt > Ktptu
: 2 50[ e Signal
50 =
C § 4oL T B background
40 Q
- Z 30
301 @
; 2
20 £ 20
b i
10F E 3 10
C ‘.::' ‘,:. 's"f.
0 L e e s Ly gasiliosy -Ls 1 | ?' o s .
5.2 522 524 5726 5.28 5.3 5.2 522 524 526 528 5.3
M, (GeV/c?) M, (GeV/c?)
Nat. Phys. 18 (2022) 277
240
220 LHCb 600 LHCb
200 f —— Data 9 fb™’ ! 9 —— Data 9 fb
180 b — Total fit s — Total fit
160 B I'Ngdll i 3 e B*- K*e'e” 2 w0FE 1 e B> K*y'u
140 Bl B - Jiyete)KT | T E Combinatorial
120 I Part. reco. & 300 -
100 E Combinatorial bl i
80 T 200 -
60 2 C
405 S 100
20 B .,
1 n i ETL il Y ] .
5,000 5,500 6,000 D 5,200 5,300 5,400 5,500

m(K*e*e™) (MeV ¢?)

m(K*u*) (MeV ¢)

5,600
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USP: Belle II can

18- BELLE2-NOTE-PL-2021-005

N
a) provide essential independent checks of 3 1% —a" prelminary
R(K™) anomalies with few ab~! data = 12 _ E’E;:‘fi‘;a;:;i;:j:zm“"" Ldt=62.8 b
b) measure R(X;) for inclusive B decays ~ § B" > K'I'[
c) provide independent measurements of § o ] ] l
absolute branching fractions for e and u ‘£ H || U U l Y
modes ° ” o1y 11 JITTEITY e
1 2021 prelim results for B* —» K*£*¢~ with R ff VI
only 63 fb~1: 2.70 significance for signal
: B - K*¢t¢ B(B— K*utp™) = (1.1940.3179705) x 107°
% '];"Z“;I_I _—_ B(B — K*ete™) = (1.42 4 0.48 +0.09) x 10~°
o . B(B — K*¢t0™) = (1.25 £0.3019:38) x 107°
@} background 0 Limited by the sample size

Entries /[0.0033 GeV/c?]

15 |

10 |

total

o (&)

52 521 522 523 524 525 526 527 528 5.29
M, [GeV/c?]

(1 Precision of both electron and muon modes
in the same ballpark
 Electron mode is off by 2.50 wrt PDG; we

expect it to be competitive with 1 ab™!
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D
/O
Belle IT
PTEP 2019 (2019) 12, 123C01
Observables Belle Belle I1 Belle I1
0.71ab™! 5ab! 50ab!
Rk ([1.0,6.0] GeV?) 28% 11% 3.6%
Ry (>14.4GeV?) 30% 12% 3.6%
Ry~ ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry (>14.4GeV?) 24% 9.2% 2.8%
Ry, ([1.0,6.0] GeV?) 32% 12% 4.0%
Ry, (>14.4GeV?) 28% 11% 3.4% I 4
Int. Lumi (Delivere
[fb-l] ( )
5000
Int. Lumi (Delivered)
d 2021c 2022ab LS1
4000 . Target Target
- 510fb-!
- / 480fb|
3000
200 Base
201/‘.0.'1 21/11/30 22/1/30 22/4/1 22/6/1 22/8/1
2000
d Need to wait till 2026 to
have 5 ab™! of data that 1000 Base
would allow us to probe P p—

LFU to 0(10%)

0

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1 26/4/1
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Precise measure of charm lifetimes

T T x & ] rx & =1 * ¥ © * [ 1@ =71
10* =
Belle Il 3 -+ Bellenn
DOdet=72fb" 1 0 D J Ldr=72 1"
2 10 p'— ka1 & D B
g 5
3 ¢ Data 210° ¢ Data
; 10* — Fit 3 g — Fit
% '.g ----- Background
E £ 10
g 10 O
1 1 i
-2 l 0 — 2 — 4 = 6 I 0 : ' 5 l 10
Decay time [ps] Decay time [ps]
PRL 127 (2021) 211801 sideband 550
) [ T
Belle Il World average | & E <
2210 83
(D% = (410.5+1.1 £ 0.8) fs 4101 £1.5)fs | \g nf a;
L o) L:é
7(D*) = (1030.4 = 4.7 + 3.1) fs (1040 = 7) fs 200 - &) B } ]
Nct) =(204.1 £ 0.8 0.7 -1.4) fs 202.4 +3.1) fs [
(\ct) = ( .- - - ) ( ) ool Az‘ i
=" Power of instrumentation = vertex ool }8 _
detector e Tormileodlonsefinsplhnestond
1995 2000 2005 2010 2015 2020 30




ary

 Focus on some of the recent analyses from Belle II that are mostly
sensitive to new physics
J A number of interesting studies that I have been unable to cover in

this talk can be accessed from the Belle II publication page:
https://confluence.desy.de/pages/viewpage.action?pageld=138001973

(d Much more to come from this exciting experiment at the Intensity
Frontier

» Stay tuned ...
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Search for B Vv decays

- v g 7 v L This suppressed FCNC decay offers a
A 7 =~ :
= v complementary probe of NP scenarios
A . .
" proposed to explain flavor anomalies
i U >c U L utc L y

PRD 98, 055003 (2018); 102, 015023 (2020); 101, 095006 (2020)

U It could help constrain models with leptoquarks, axions, or DM particles
L Experimentally very challenging with two (escaping) neutrinos
U Belle II deployed a novel inclusive tagging method
» Substantially larger signal efficiency of ~ 4% compared to << 1% of the
earlier approaches at the cost of higher background levels
O Two boosted decision tree classifiers, of which the 2™ one is nested, to fight

against various backgrounds
PRL 127, 181802 (2021)

. . 1.0 g= —_— : e
0.93<BDT,<0.95 }0.95<BDT,<0.97:0.97<BDT,<0.99% 0.99<BDT, ] “...  Bellell ---- Expected
i : : - -1 1
400 CR1=SR iBelle IT : 0.8 -.,_‘/Edt—(63+9)fb B Expected+lo |
— fedi=(63+9)fb ! i Expected+20 |
i : - N 5 0.6 —— Observed
BT—K™w -— ="
I ] 6
3 300 [ Neutral B ‘; I ‘ SM BF
5 = Charged B ] - . |
LT?] 200 Bl Continuum _| 8 0.4 B 90% CL ) ]
¢ Data - Expected: 2.3x107° -

.. . B Observed: 4.1x1075 ]
= Competitive with %] !

earlier results for 0'06 ., : L Ix10°

00.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5 similar data
pr(K™)[GeV/c]

scaled by 2 |

100

B* — K"wp branching fraction 5,



Systematic uncertainty for B - D*~¢tv,

Systematic sources Relative uncertainty (%)
FEI efficiency 3.9
Low momentum 7 efficiency 4.1
Tracking efficiency 0.9
Lepton particle identification 2.0
Background 1 38,
Ngg 2.9
fio 1.2
B (D*‘ a5 W‘E") 0.7
B (50 e K%‘) 0.8
ECL energy 1.0
Form factor 0.1
MC statistics 1.8
Total #:3

J Most dominant source is low-momentum pion (1) efficiency followed
by FEI efficiency



