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Flavor Physics

Needs for new physics beyond the Standard Model of particle physics

- What made the matter-antimatter asymmetry of the Universe?

- What is dark matter? - What gave masses to the neutrinos?
- What makes the Higgs boson so light? ... “DNA” of flavor physics effects W. Altanjg.n;?lsg eé;(l)-,
%% % large effects, %% visible but small 17 (2010).
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- Study particle behaviors associated with the Spe KKK KKK Kkk kK Kkk kkk %
quark and/or lepton flavor ghange, and compare Sert Kkk kK k kkk kkk k! o
the measured parameters with the SM prediction Ap(B-Xp) X Xk kkk kkk k7 f{
— discrepancy = discovery of the NP. Arg(Bo Kt ko ko ko bk bk bk 7 &
. Ag(B = K*u*tu™) % x x ) § * )¢ ?
- Measure as many physics observables as ’ Bk kX X % * % g
possible, develop a collection of discrepancies in By > utum kkk kkk kkk kkk kkk X k@
. . + .o v
the observables (right table), and infer the true S S S S S R LR
del of the new physics from the collection fpomwk kXXX R
modelo W phy ' ey KKK KKK hkk Kkk KKk kkk hokk
Toey Xkk Xkk k kkk kkk kkk Kk
HENoe+N Kkk kkk kkk kkk kkk kkk kkk



Belle II Experiment

In the quest for the new physics, we started
an e"-e~ collider experiment Belle II in Japan in March 2019.
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gﬁgping W: 7.7m
e D:7.2m
KEK Tsukuba H: 7.9 m
 Silicon detectors for particle position measurement
Current record Target / design * Drift chamber for p, and dE/dx measurement
[ cdt 424 f-1 50 ab~1 * TOP counters and ARICH counters for PID
5 1 ” ” * CsI(TI) crystals for e* and y calorimetry
Lpea [cm™s™7] | 4.7x10™ (WR) 60x10 « Iron/RPC sandwiches for K, and p detection
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CKM unitarity test
Test of the CKM Unitarity

CKM triangle CKM unitarity and new physics
- The 9 elements of the quark mixing matrix - The new-physics particle propagated in the
a.k.a CKM matrix form a triangle, CKM box diagram of the B®-BY mixing may violate
triangle, for their unitarity condition. the CKM-matrix unitarity.
°-7_:n"|"'!"'1"'|' @ T b d
06 < b an 4 £ el
0.5 %—% sin 2¢ . L _ —é BO Wi Wi BO
= | ¢z mixing + b - uud e, 3
—_— ’ — E d b
Vol b — b7, |Viaql: B°-B” mixing |
3 ' M}N = - By precisely testing the CKM unitarity, Belle II
Al = ¢1: mixing + can search for the new physics in an energy
¢3: b - ucs/cus | [Vepl: b - ¢fv, |- b = cCs, ccd scale of up to ~200 TeV (when the new
p physics does not have a generation hierarchy).
e M uniariy stestedbymesring e[ Motvation forthe Ci
5 &I unitarity test at Belle 11




CKM unitarity test N
CKM Triangle Angle ¢4

- The CP asymmetry of the proper time difference S 1 /wK® and 4 1 /WK® results
distribution At of the two B mesons: 00 . S

' Belle II (Preliminary)
/L dt=190 fb~!
150 |

Pgo(At) — Pgo(At)
Pgo(At) + Pgo(At)

= A(AL)

100

A(At) for B® > J /P K9 (b - ccs)

Asymmetry  Candidates / (0.5 ps)
3

- A) =S 1 /K2 sin(AmyAt) + A 1 /WK cos(Am, At)
S]/ng ~ sin 2¢4
~ | Belle II (Preliminary) |  Data At [ps]
E 10° 7/L dr=190 fb! N Best fi?result:
o oL S KO = 0.720+ 0.062 +0.016
=BT R A (R, —JiKg +c.c. J/YKg (stat) (syst)
S g i I Background
g 7 = 0. + 0. +0.04
2
&

Belle 11 Belle -1 N\ 10
. <0 for Belle 140 fb cC)K
R T 0.00 0.05 0.10 0.15 syst syst ( )

AE = E — /5/2 [GeV] analysis thanks to improved At resolution.



CKM unitarity test o New for 2023 |
Effective ¢, for b — sqq

- A(At) = Sgqq sin(AmyAt) + Agqg cos(AmyAt)
- Ssqg = ~NcpS; KQ in the SM since no CP-violating phase in the least- - )

New for 2023

b S

order b — sqq diagram; Ssqz # —TcpS, /pxQ May happen if a NP New particle q
particle propagated in the b — sqq loop affects the decay. other than W* ? I

q

Ssqg and A,z results for ¢Kg (11c=-1) and K3K{K§ (ncp=+1)
e Frmra) § 5001 '+1'); —— A - Challenge: no prompt
[ Belle Il (Prelimina %= ] [Belle I (preliminary .

g0 Jeat=30207 gy gy Sk = 10.54 1 0.27g0g L 12, . tracks from B decay

530; .. consistent with —7¢pS, /oK | 2 40: B KKS TD — uniquely possible at

S o0} Aggo =+0.31£0.207388 | £ 7| = Belle II.

-g . § 20? +

S 10} : _ S0 =—1.371032 £ 0.03

° | - On par with the most e g 3K~ ;’145 .
2 osf precise result for Ao, £ o - consistent Wlto 1_5776’1’ ] /WK
£ oof ; : j; | Tt | | Agge = +0.077315 +0.02
= o i - Improvementon Sby 10- Z-sf —+ SKs 020
< =U. ] at

20% for the same signal s e oo e s - (On par with the most
yield w.r.t. Belle/BaBar. precise result for A, K9
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Toward CKM Triangle Angle ¢,

- A(At) = S, sin(Am,At) + A, cos(Am At)

- B - mrris mediated by b = uud and duu.

S and A, are related to ¢, with
Sun = —Tcpy/ 1 — A7 sin(2¢, + 24¢,).

duu loop effect

Br and A, results

250

—=—= Bt ntn®+c.c.

s B*->K*'n®+c.c.

s BB background

. Continuum background

:_Belle Il (Preliminary)

: = -1
500 __det 362 fb

150 |

100 |

T

Cand. / 10 MeV

50

O o e o o - ) e 5 v

. X s e el e e e g ]
—0.3 —0.2 —-0.1 0.0 0.1 0.2 0.3

AE = E}, —/s/2 [GeV]

New for 2023

Belle 11 362 fb™*

uud tree

M. Gronau and D. London, Phys
Rev. Lett. 65, 3381 (1990).

A(B® - n°n%)

2A¢2 LZA(EO - atnT)

\/_
/ A(B® - %x0)

>

AB* - n*n®) = A(B~ > nn°)

800 | Belle Il (Preliminary) --——- B> nmgtn +c.c.

- - JL dt =360 fb~? mmm B°-»K*m +c.c.
L 600} . Background
s I
o
= I
— 400
S I
o
&8 200

0]

—0.10 —0.05 0.00 0.05 0.10 0.15 0.20

AE = E3 —/s/2 [GeV]

Br(B* - ntn®) = (5.02 +£ 0.28 + 0.32)x107°
A_+0=—0.0810.05+0.01

“ BT(BO — n'+1'[—) =(5.834+0.22+0.17)x10°° “




CKM unitarity test
CKM Triangle Angle ¢; 17110482189 f " |

30 r

- ¢3 can be measured through the interference between the
b — c and b — u transitions.
- The absence of the loop contribution allows extremely :
clean theoretical prediction of o3 — good probe of the NP. 151 +
10 | *

' Belle Prellmmary B" > DK'K)K*
25 | J. Ldt=711fo"

o BT KK K™
20 |

Events/(5.6MeV)

Bt > Dp,K* results (Dcp, - K*K~,Dep_ — K1) + + \%id +
o _Br(B” > DepiK™) + Br(B* - DepyK*) ° * 7\t + * I
CPE ™ Br(B- - DpK™) + Br(B* - DyaoKt) 0 b L=t X 15
=1+ 15 + 2rg cos 8 cos P AE = Ep — /s/2 [GeV]
14 |
A, = I'(B~ = DcptK™) —T(BT = DcpyK™) ok JL?jtelle1IEI39I)1‘lt;ellmlnary B o DO
= T(B™ > Dep+K™) +T(B* = DcpsKH) ok s B> KKK
= + 2rgsindp sin @3 /Rcp+ 8 ]
Rcps =1.164+0.081+0.036 Rp_ =1.151+0.074+0.019 | 6}
4
.best A-p_ measurement | 2 \
0 T IR th“
o o 0 0.05 A 15
4.7° < 3 <175.8° 0.069 <15 < 0.560 .. @ 95.4% CL AE = b — 5/2 [GeV]
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CKM unitarity test

CKM Triangle Side |V_|

B° - D*¢*v, differential cross section
dr

< |V |?F?(w, cos 8,,cos By, x)

Recoil parameter w
= pp - Pp*/Mmpmp-

dwd cos 8, d cos 6y, dy

i Belle II [cdt=189.3fb

_ Split W, X, COS 9V gzo.o- : %E%EE'ZZZZ\;::
distributions into 10 .
and cos 6, into 8 slices.  “.f
T

Belle Il
Jcdt=189.31 Belle Il [cdt=189.3f
T T T
P D1t e-T,

0.(1' 1.1 ) ; 153 ; 1{4 1f5
- Estimate the signal yield / ,1:/ X N -
from kinematic variable ...

sig
Tru

ell

T
nal, i
/e Q" background;

distributions for each .:iz
slice. coaa

New for 2023

Belle I1 189 fb~*

|V, | result

Belle Il Preliminary [cdt=189.3f01 Belle Il Preliminary Jcdt=189.3f01

6o B°=D"* 17T, 16F B°»D"*1~V,
— > 14f
S 5o ——— 3 ———4—
(]
o —— —— 2 12} o —4———
ﬂl 40 —— $ S 10} ——
% 30 —— 2 8
> - ') e
= [ wn 6
3 20} 8
5 | Fitted BGL T 4f

10y Fitted CLN 5 ,f

L ¥ Experimental data
9% 1.1 1.2 1.3 1.4 1.5 9 502075 —050 —025 0.00 025 050 075 1.00

cos 6,

w
Belle Il Preliminary Belle Il Preliminary

- -1
[cdt=189.3fb [cdt=189.3f1

21
o [BDTT 5F BO-»D"* 1,
) 3. . .
e . + :,D ar
— 12 —_—— —— — 3F
x . e X et —4
& °f - —e— e
prd : — w 2l
S 6f S I
3 | st
5 3} 5
—01.00 —OI.75 —0.50 —0.25 0.00 025 050 0.75 1.00 OO i 2I 3I 4I» 5‘ (Ii
cos By X

V.plgeL = (40.94+0.3+1.0+0.6)x1073
(QCD input)

Veplon = (40.4+0.3+1.0+0.6)x1073

BGL, CLN ... options for the form-factor bases
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arXiv:2303.17309
CKM Triangle Side |V |
/46+
- 7\)
B - X £*v, reconstruction 5 N
. . . . . 0 N~ rd %{X
- Hadronic tagging with ne.ural network§ (efficiency ~ 0.2-0.3%). adroncTag T4 signal s X
- Background suppressed in the hadronic mass My
- The signal probability is calculated on the momentum transfer g°. e Ll e
-1 imi S T T amn mmicem e ewmass ]
»Blel¥e .71.1 fb. I(I?rt?hmllnallryll)l - se | o momn T Bele(GGOU e mrAy (e acow :
%0 F N .=0 | N.=1 | N.=2 | N_.23 Simultaneous o 44 ]
A B . determination of =*° _}“'\ -------------------------------- :
o 250 | — B_'n»«l,v = 40 | 1 ]
N = exclusive |V,,| and =, | { SRS 5
\L 200 _|:| Background BO_)T[_‘B-FVf ) ] ub = 3.8 — \\\ /,'I Belle 711 fb_l —
R Z * other X, £*v, inclusive |V, e " . (preliminary) 1
g 100 |- %300 525 B850 875 400 425 450 475 500
: B %‘&L‘ Excl. |Vyp| - 103
50 |-
o 0%“':::: e Exclusive: |V ;|.q=(3.78+0.23 £0.16 = 0.14) x 1073
1.25 F
Rt IR I ERRRIRRREIIERE | theory)
8075 | L Inclusive: |V, |ina=(3.90+£0.20 £ 0.32 £0.09) x 10
38R 53088395287 a898%F —
%ﬁgggrﬁgg§:~ﬁgg§~ﬁgg§ |Vub|excl/ |Vb|incl_0'97i0'12
- <5 g2 bins The weighted average of |V, |..q and |V, |...; is consistent
for each N, variation with the global fit of the CKM triangle within 0.8c.
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New for 2023

| Newfor2023 |
Isospin Sum-Rule

Isospin sum-rule: relation among the products of Br and A p for B— K

Tpo Tpo
— + - 0+)_B +.0\ _B 0.,0Y. SM __
I = Br(K* ) Ay + Aot Br(KOm) === 2y o Br(K %) == = 2A,0,0Br(K°n®);  If = 0
B B M. Gronau, Phys. Lett. B 627, 82(2005).
B? - K*rm~ results B - K{mr* results B* - K*n® results
1750 F [
Belle Il (Preliminary) - B'sK*nm~+c.c. ' Belle Il (Preliminary) --= B* oKt 400 | Belle Il (Preliminary) --= B*aK'nm+c.c.
1500 [i gt=362 1" . e | o 0| JLdt=36207 - oK 5 [Jet=3e207 . Btotnd4cc
%) 1250 | B Background %) 400 | W 55 background %J 300 | . 8B bfackground
o 5 o ! B Continuum background | © W Continuum background
— 1000 = 300} ~
.; 750 | ; ; 200_‘
5 500} c 20 -
S | S | S 100}
250 100}
0
0 -0.05 0.00 0.05 0.10 0.15 0.20 0 -0.2 -0.1 0.0 0.1 0.2 0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
AEEEE—\/§/2 [GeV] AEEEE—\/E/Z [GeV] AEEEE—\/E/Z [GeV]

Br =(20.7+0.44+0.6)x10° Br =(24.4+0.7+0.9)x10°° Br=(14.2+0.44+0.9)x10°°
Acp =—0.07+0.02 +0.01 Acp =—0.05+0.03 +0.01 Acp =+0.01+0.03 +£0.01
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Isospin Sum-Rule - Cont’d

[sospin sum-rule test

B° — Kor® time-integrated results
Challenge: only long lived particle + neutral particle in

the signal-side final state — uniquely possible at Belle II.

Br =(10.24+ 0.6 +0.6)x107°

B° - Kn® (n.p=-1) time-differential results
- KQn° is a CP eigenstate and the effective ¢, is defined for
K% -» A(At) =S k2r0 SIN(AmgAt) + Ao o cos(AmgAt)

New for 2023

Belle 11 362 fb™*

Signal
B BB background
I Continuum background

120

- Belle 11 (Preliminary)

[ [Ldt =362 fb~!
100 |-

Cand. /10 MeV

Son0 = +0.757028

Ajon0 = +0.04 1 0.15 1 0.05

+ 0.04 ... consistent with —7,S, YK

TI + TD combination and constraint to I

-0.2 -0.1 0.0 0.1 0.2 0.3
AE = Ef —+/5/2 [GeV]
70F .50 (g=+1) | Belle ll (preliminary)
260f o
c? 50k *Byg (q=-1) J.Ldt =362 fb"
[b] o
o 40 [
Q -
S 30¢
g 20}
© 10}
> g_— """"""""""""""""""
3 0-9f T
E o M“
E F &
205} — | |
6 4 =2 0 2 4 6

Br=(10.5+0.6+0.7)x107° » “I
Acp=—0.01+0.12 + 0.05 d 0

—0.03 +0.13 + 0.05 ... consistent with the SM “
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Lepton-flavor universality test

arXiv:2301.08266

Test of the LFU (b - x¢v,)
R(X./,) = Br(B - Xev,)/Br(B - Xuv,)

The R(X,/,) measurement complements the LFU
tests made with Br(B —» D®1v)/Br(B -» DWW ¢v).

12500

The inclusive approach reduces the systematic
uncertainty.

111

- The SM predicts R(Xe/u) =14+ 0(1073). ’f 10000
C. Bobeth et al, Eur. Phys. J. C 81,984 (2021) = 7500 &
Event reconstruction E? 5000
20/ Reconstruct By, with multivariate ~ 2500
tag technique through 0(10%) modes.

X (inclusive)
Loose cuts on tracking detector
and calorimeter signals.

Belle I1 189 fb~*

Signal extraction with p;

Belle I1 [Ldt=189fb"

B Xev Xpy

L[ 1 e: Background p: Background [ ]
- Bl c: Continuum p: Continuum [EEEE
MC tot. unc. MC tot. unc.

{ Data e R Data ¢

1.4 1.% 1.8 20 22
P [GeV/d]

1.8 20 2.2
pl [GeV/d]

14 1.6

high momentum ¢ (p, > 1.3 GeV/c)

R(X/,) =1.0333 +£0.010 + 0.019
... first inclusive test of (e/u) LFU in B = X¢v,.

< ‘
o
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Test of the LFU (angular asymmetries)

Lepton-flavor universality test

New for 2023

Belle I1 189 fb~*

Angular asymmetries A, in B - D* £*v,

- A% values are measured for 3+2 angles x and for £*=e* and £*=u*.

. . . : -1 l
- The SM predicts AA, = Al — A% = 0 while the NP may modify A4, to # 0.
- A% values are separately measured for zero D*~ recoil samples (low w) and D°
maximum D*” recoil samples (high w). \ eV
P v
1 : B° 7
AA, results Belle IT (2023)  [Ldt =189 fh™ W G
Apg: dx - d(cos b,) o * “high 1) X
S T Wow
S3: dx - d(cos 2y) = preliminary | ® Wipc], ~
; SM Ve
Sc: dx — d(cos y cos 6y) - 77/ Belle [arXiv:2301.07529]
L L L L L L L T L o Belle IT [81&\2:30104716]
Control channels to confirm -0.2 -0.1 00 01 0.2 [ Bobeth, et al.
no_experimental biases in 44
[ S;: dx — d(sin ycos6y) | ’ preliminary : -
; All AA, are consistent with zero.
S So: dx — d(sin 2) } —— No evidence of the LFU violation
L L L L B R L L L .
—02 -0.1 00 01 02 AA, |withatleastthe p-value of 0.12.
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New for 2023

| Newfor2023
Long-Lived Scalar Particle: B —» K*)S

- A new (pseudo) scalar particle S mediating between

SM < DM only weakly interacts with the SM particles No evidence of a new (pseudo) scalar,
— the S lifetime tends to be long. ¢+ 7 | but the first limits on S decaying to
- Fully reconstruct a signal B in 5/ :{) ~h hadrons.
B*-> K'Sand B° - K*(K*nt)S 5
with a subsequent S decay to WL”\/\/J\‘ ;"8 S |
¢, m'n,and K'K". u u T N L S
. . . . . = 10 KTV T
- Search for S with 0 < ¢t < 400 cm in M distribution. z ;
_ Belle II preliminary 189 fb™! § 10 ) E
= - B> K*S :Bo_)K*OS M 7 a i \\ Il Belle Il
ke 107° Somtm m% - Somtr ,N’J'Wé % 107} . | \‘l_’
JJ 1077 i Err 0 1 3 %)o ‘ ““““ = “‘:‘I‘; \.\ v LHCb
T 10cl . = 1t = ] S 10 W CHARM | -
g . B*—)II(‘*S ;_B°—>II{*°S _ %D \HBooNE . :{/ Babar Belle Il Preliminaiy
=20 [soKK Mﬁw  SoK'K w 2 s FH9 oot Jroc-1semn |
- i o e s 10 = 0
3107 WL e T 1 o
™ Lf il —— cr=1om (Pseudo) scalar mass M, [GeV /c?]
ST 10 T g g B
o Q 10 10 10 10

(Pseudo) scalar mass Mg [GeV/c?]
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Long Shutdown

- Belle II stopped data taking in summer 2022 Replacement of PMTs for the PID detector

for the rise of the electricity rate. _ MCP-PMTSs for the PID N8 1 s ’

] ] detector are replaced
Installation of the pixel detector before their quantum

v LT £ \\\\ ; efficiency gets
& Ny deteriorated.

Countermeasures to a sudden beam loss

- The frequency of a sudden beam loss was increasing
along with the increase of the SuperKEKB currents
— may damage accelerator/detector components.

- The current pixel detector is only partially
instrumented — the installation of the fully
instrumented pixel detector is ongoing.

A new beam-loss monitor and a fast beam-abort
system are being developed.

“ On track to resume the data taking coming winter H
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Future prospects of Belle 11

Integrated Luminosity Prospects

[ab™]

5

0

20/4/1  21/4/1  22/4/1  23/4/1 24/4/1 25/4/1

Int. Lumi (Delivered)
1000

2021c 2022ab LS1
800 Target
600
N /
200 Base
0

21/10/1 21/11/30 22/1/30  22/4/1 22/6/1 22/8/1

Target

Base

50 ab1in the

’ next decade
4ab71t...

target [ Ldt including
expected SuperKEKB improvement

26/4/1  [yy/m/d]

We aim for achieving Lyeak = 24x10°* cm™s™" by 2026.
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Summary

Plentiful physics results have been produced by the
Belle II (and Belle) data analyses. Several of them are
already world leading. Highlights of the new and recent
results have been presented today, which include:

r

- Test of the CKM unitarity,

r

- Test of the isospin sum-rule,

- Test of the lepton flavor universality, and

Search for dark-sector particles.



Backup Slides
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arXiv:2302.12791

B-Meson Lifetime 740 and Mixing Am

- Test of the machinery readiness for the following T go and Am, results
CPV measurements based on the B-flavor and At 000
information. | Belle 11 1 b BB
2500 [/Ldr=190 b t  BB+BB
Event reconstruction o o0l
/R0 — _ = -
- BY>D*(D°m )nt, D mt = g
- D°sKtnnm,D” - K 'm n~ % 1500
:'9 i
' Belle 11 |  Data '§ 1000
: fL dr=190 fb~! Fit result: @) 500 !
10* Combined :
——— BYS DMK+ 4o 0 I
------- B> DM+ tc.c. 80 -60 -40 20 00 20 40 60 80
BB background Aty [ps]

10° | _
: gq background

Tgo = 1.499 1+ 0.03 + 0.008 ps
107 Amg = 0.516 + 0.008 + 0.005 ps—!

—0.10 —0.05 0.00 005 010 0.15 020 025 ... consistent with the WA
AE = E} — \/5/2 [GeV]

Candidates / (0.01 GeV)

The B energy is expected to peak at the half of the collision energy.
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CKM Triangle Side |V

arXiv:2210.04224

Belle Il 189 fb~!

Osnet B me*v,
B® > m¢*v, reconstruction e
- Challenges: large background (low BR) and lack s} = e | som] =
of clean kinematic signatures 4000_?$§mevz wa1ce | 0210 | 12161 16,210 e 4000_?;§W (GO (810G (216184 (16201 2 =i
m
- gqq and combinatorial BG rejection with a BDT. 5 3000
>
w 2000
1000 | _'

, dr(q*
|V | exclusive result: d(qqz ) & |V |2

- Calculate the recoil momentum g* by inferring

Belle 1l Preliminary

the pp with a modified diamond-frame approach. e L o)L
— 1o
- Obtain the differential cross sections in 6 g* bins. 1.0 — %
E— (o}
08 $ Data

0.6

0.4

Vublz—¢ty, = (3.55+0.12 £ 0.13 £ 0.17)x1073
... consistent with the WAs

0.2

dB(BY - nL*v))/dg? [GeV2]

0.0

1 10 1 1 1 1 15 1 1 1 1 20 1 1 1 1 25
g2 [GeV?]

o
n
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Events/0.006 GeV
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Rare B decays

B - DWK K

New for 2023

Belle Il 362 fb1

- The DWKK sector is mostly unexplored; a few % Br is expected while only 0.28% is measured.

- Better knowledge of this sector is useful to extend the b-tagging modes.

01 015 02 025 03

AE [GeV]

02 025

Br(D*K~K9) = (0.85+0.11 + 0.05)x10~*
Br(D*°K~KJ) = (1.57 £ 0.27 + 0.12)x10*
Br(D**K~K3) = (0.96 + 0.18 + 0.06)x10~*
Br(D°K~K3) = (1.89 +£0.16 + 0.10)x10~*

- First Br measurement for D*, D*°, and D**.

- x3 precision of the last Br measurement for
DP [Phys. Lett. B 542 (2002)].

Belle Il preliminary jLdt = 362 b Belle Il preliminary [Ldt = 362 b’
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- Some structures are seen in my, and Dalitz
distributions.
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Phys. Rev. Lett. 130, 091902 (2023).

Search for Y(10753)ine" e - WX by

Belle I, 1.6 fb™! Belle Il, 1.6 fb™ J
- Y(10753): aresonance-like structure 4;‘ 18 = 10.701 Gov (%= 10.701 Gev 4 4
3F 43
discovered in the energy dependence of o F i,
cross sections forete™ - Y(nS)ntn~. 1E 31
5 [ C O R Bemenssn®{C
- | Belle, JHEP 10, 220 (2019) f s %o g (6= 10745 Gev| = oee fe 10745 Gov ]
§5? Y(1szs3) {}‘ i_ Y(11020) 2 20t —gzo - 1lo
T | el #:Q Ny | @ 10f J10
o S 5 ol \bid by T
; JT Y(10860) oo f (2 o s0d o swerarel”
-5+~ ]
_10|.5‘ — I1d.6 — I1d.7‘ — ‘10|.8| — ‘1(|).9| I ‘E;n:lll‘l((;ev) j: :;0 - 4_.5 O—
3 g L My g
- Br(Y(10753) - wyp;) ~ 0(107%) if the  glmmebiclfi bl 4 |, -
9.75 . . . . . . .
Y'(10753) is a mixing state of M(yY(1S)) [GeV/c?] M(r7) [GeV/c?]

conventional bottomonia (3D and 45), 2D fit on the M y(15)- M+ distribution

- Y(10753) state is searched forine*e™ — - first observation of ete™ - wyy,; signal
WXp; at+/s =10701, 10745, 10805 GeV.
© wo e ° - T,eBr(ete™ - wyp, and xyy) is found in the

- Xpy 2 YY(AS); Y(AS) » utu~,ee” range of 0.20-2.9 and 0.05-2.0 eV.
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New for 2023

 Newfor2023 |
BB, BB*, and B*B* Cross-Sections

- A new bb-resonant structure, Y(10750), observed  Individual and total cross-sections

. ) . o :
by Belle 1n+2919 needs confirmation — Bellell ¢ | TBelle Iland Belle =
collected e*e™ data at+/s = 10.653,10.701, 10.746 gb“’s - )
and 10.805 GeV and measure the B*)B™) cross- -
sections for better understanding of Y(10750). =
"% | 10.653 GeV ‘e T O 0701 Gev B*B i
= sof 35" 5 | 161" BB~ |
é I g 40 0-'
& 60: 5 0.2
i_ 20-_ S) ISR 0. _
20 + i .
%‘J”Irjfﬁ*l A o ’:"I,?»IT‘(“‘S o oF
522 524 526 528 53 N :?éewcsé]a“ 0 5225 525 5275
) 200 e BB 3 : - i ]
2 e g 10| 10805 Gev * The e*e™ - B*B* cross-section increases very
g 1o 3 rapidly just above the threshold (10.64852 GeV
" ool ¥ el for B**B*~ and 10.65034 GeV for B*°B*Y).
i SR 40 ‘ T(4S) ISR .
wh M Tt éﬂ ) ar * The fact suggests the existence of a B*B* bound
3J0OY L OYTTSOTORTYIUI s I OO Y state near the B*B* threshold.
My, [GeV/c?] ' ' My [GeVic?]
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arbitrary units

arbitrary units
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- Particle masses are fundamental parameters of the SM,
and need to be measured with the highest precision. The
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T Mass

T physics

Pseudo-endpoint M, ;, method”
Min = [M3; + 2(V5/2 — E3z) (Eir — P3)]V? < M,

e S W

1
|

0.0=

1 " 1 l- 1 1 J
1.700 1.725 1.750 1.775 1.800 1.825 1.850

Mmin [GeV]

* ARGUS, Phys. Lett. B 292, 221 (1992).

Perform an unbinned-

maximum-likelihood fit

of empirical distribution
parameters including M,

to the M, distribution.

F(Mmin) —
1—P,tan"?! (

+P3 (Mrnin _ Mr)
+P4(Mmin _ Mr)z

Mmin—M+¢

Py

)

Events / (5 MeV/c?)

M_ fit result

x10°

Ttag

e

+

|

precise determination of M, is important for LFU tests. . u, 1, TI° T

e

New for 2023

Belle II 190 fb1

Tsig

Belle II preliminary

hadrons
B (3m)

PDG Average (2022)

1776.86 £ 0.12

"~ Belle Il Preliminary
; J.Ldt:189.9fb"

P T NI

{ data
— it

e

BES (1996)

1776.96 ‘3ot 05
BELLE (2007)
1776.61+0.13 +0.35

KEDR (2007)
1776.81 ‘02 +0.15

BaBar (2009)
1776.68 £ 0.12 £ 0.41
BES Ill (2014)
1776.91£0.12 3

Belle Il (2023)
1777.09 £0.08 £0.11

——t—

—_—

—t—t

—_————

R

\Ill\\1‘IIII‘1\II|I\I\‘II

7

172 174

T T 18
2
M., [GeV/c?

182 184

1774 1775 1776

1777 1778

M, [MeV/c?]

M, =1777.09+0.08 + 0.11 MeV/c?

... worlds’ most precise measurement.
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Lepton Flavor Violating T~ — €™ ¢ Decay

¢—K'K
- A vector leptoquark, which can accommodate for the LFU anomaly et
may enhance the Br of the LFV 77 = e"¢p(K'K™) and u"¢p(K*K") - l, - A
decays to alevel of 10711-1078, € T g i
Event “reconstruction” e

- Previous searches at Belle were conducted with tagged approach (7,; = one charged track + v).
- Increase the signal efficiency by dropping any requirement on 7,, and exploiting signal (£"K"K") and

event kinematic features to BDT classifiers to suppress background — El:i(gp = 6.5% ~ 2 x Belle.

Poisson counting of signal events on the M_-AE_plane

% 1.0 Belle Il (Preliminary) = MC background === RSB 0_6__ Belle "[ (Preliminary) = MC background === RSB
L Data: [Ldt = 190 fb—1 e Data —— SR | Data: [Ldt = 190 fb~! e Data = SR
2 0.8 MC: [cdt = 2ab [ MC: [Ldt = 2ab~? — — —
ST oed P Br(t~ - e ¢) < 23x1078
2 T B A Br(t~ > u @) <9.7x1078
*IH O'Oi_ a_ = LR . = - - - 0oL - --" i - ':-: -lfo: I. '- — --' : -:- : @ 90% CL
SRy . . i i R ] Do e . . . . .
T o2k e T SR Successful first application of untagged
—0.5F “ o - o . . . .
L%E)_O.SE_ ' | eaf : : : approach in 7-pair analysis at Belle Il
.l 1.6 o 1.7 T 1.8 llll 1.9 lll‘ 2.0 1.675 1.700 1.725 1.750 1.775 1.800 1.825 1.850 1.875

M, [GeV/c?] M, [GeV/c?]
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Charm physics

Phys. Rev. D 107, L031103 (2023).

Charmed-Hadron Lifetimes

Debate on the charmed-baryon lifetimes

- The hierarchy of the charmed-baryon lifetimes, recently measured by LHCDb, is different from old
measurements. It suggests a revision of the higher order correction of the HQE.

Pre-LHCb From LHCDb results
Tng<ng<TAg<ng T32<TA'C"<T98<TEZ'
60 I~ Belle II preliminary e
- 1 Belle II prelimina T
To0 measurement atBellell  ,  «f | Hpacorh ] o
C N 1t
_ _ % - vl Background é 10 | ata |
- ete -5, Q0 > QT = | o
Q_ _> AOK_, AO _> pT[_. g _é;; : — Background -
nt I *0 E s | |
Decay time: K~
- - -2 0 2 4
t _ ngL-p Qg 60 decay vertex 7 m(L2 ") [GeV/c2] Decay-time [ps]
— S
il 17¢ Too = (243 + 48+ 11) s
c R AN : _
K f pPqo Decay tf)pOlogy ... Belle II confirms the LHCb results
¢ , |constrained
vertex it T+ result will come up soon.

production vertex



