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SuperKEKB

SuperKEKB and Belle Ii g
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| Belle and Belle Il Datasets

 Belle (1999 - 2012) In December 2024
¢ Be"e Il RUN-I (2019 - 2023) WORLD RECORD: 5.1 X 1034- Cm—Z -1

S
* Belle Il RUN-II (2014 - 2025)

Inteqrated luminositv of B factories 1151 integrated luminosity ]

mmm Recorded Weekly

Belle Il Online luminosity Exp: 7-35 - All runs

>1ab™*
On resonance:
Y(5S8): 121 b!
Y(4S8): 711 !
Y(3S): 3!
Y(2S): 25 !
Y(1S): 6!

I
>
QC?
Off reson./scan:
~100 fb?
t ~ 550 fb~!
r— On resonance:
Y (4S): 433 b !
Y(3S): 30 b !
Y(2S): 14 fb?
Off resonance: 0.0 -
~54 fb!
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Total integrated luminosity [fb~

Total integrated Weekly luminosity [fb™!]

0 - | _—-i’._, N " " " P
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 Date

Most data at or near the Y (4S) resonance, and 19.6 fb™! near Y(10753).
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| Belle Il physics
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| Belle Il physics
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rare B decays




| B > Kvv

Belle Il is measuring the rare decay of ,
a B meson, created by SuperKEKB, ’"

into a K meson and two neutrinos. ‘

neutrino

antineutrino

B meson K meson

up quark up quark

The high-precision calculability of the probability of this decay
makes it easy to validate the Standard Model.

Penguin diagram

Box diagram

The process is known with high accuracy in
the SM: B(B — Kvv) = (5.61+0.4)x 107°
[PRD 107, 014511 (2023)]

Extensions beyond SM may lead to
significant rate increase.

Very challenging experimentally, not yet
observed



| Two ways of tagging

Hadronic tagging (HTA) 9 Inclusive tagging (ITA)

Ki
\ e

Efficienc

\Ki v 2 4
e

q>. : mass squared

( of the neutrino pair
a8 \
Other

tracks and clusters

in the event Purity, Resolution

<

B

tag

— hadrons,e.g B - DUnzx

* New technique from Belle Il with inclusive ROE (Rest of Event) tagging (X 10—20 efficiency,

but large backgrounds)

* Add some ML/AI (boosted decision trees or BDTs) to help suppress the large backgrounds. g



InclB(B: tadlvv)

Candidates

Pull

| First evidence for B » Kvv

e Extract signal from maximum likelihood fit

B(B —» Kwv)

n(BDTy)

0.92 0.94 0.96 0.98 1.0
3000 5 i 3.50 _
Belle 11 : .
fﬁdt:(362.—|—42) ! W B SRt Q
: |:| B[]B[) /)]
2000 = B"B- 8
Hl Continuum ,-g
) Data ,_a'
1000 : g
o

0

o

o

0f

| I i L I i I

1 i ] I

Pull

1

4 8 25F1 4 8 25F1 4 8 251 4 8 25

rec [Ge V2 /1]

* Inclusive tag: in bins of g2, and n(BDT,)
* Hadronic tag: in bins of n(BDT},)
= (2.7 + 0.5(stat) &+ 0.5(syst)) x 10~° (inclusive

tag)
= (11153 (stat) o Eaysti) 120> (hadronic tag)

125
C Belle IT Bl B K v
100 F [ L£dt=362fb"! 1 BB
; [ G
75 — 1.16 B i, dd, 55
¢ Data
0
D F
0
_hHE | | 1 L |
0.4 0.5 0.6 0.7 0.8 0.9
n(BDTh)

[PRD 109, 112006 (2024)]

Combination and comparisons with
other measurements:

B(B -> Kw) =(2.34+0.7) x 107>
Significance: 3.50

SM Average
0.497 +0.037 1.3+0.4

: 0
: | —e— Belle TI (362 fb'!, combined)
: 2.340.7 This analysis, preliminary
1t ob— Belle TT (362 fb!, hadronic)
E 1 1.14+1.1 This analysis, preliminary
| — Belle TI (362 fb!, inclusive)
X 1 2.740.7 This analysis, preliminary
: 1 ey [ . . \
: L~ Belle II (63 fb!, inclusive)
: 19415 PRLI27, 181802
N P Belle (711 b, semileptonic)
E 1 1.040.6 PRD96, 091101
: ] 1 .
: L Py Belle (711 fb!, hadronic)
E : 29416 PRDS8T, 111103

—o— | BaBar (418 fb'!, semileptonic)
: | 02408 PRDSZ, 112002
S BaBar (429 fb!, hadronic)
: ] 15413 PRDST, 112005

L1 A P I P H N B
0 2 6 8

10° x Br(BtT—K " vp)

The signal is 2.70 above the

SM expectation.
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I Search for B — Kgrif‘F [arXiv: 2412.16470]

* Flavor changing neutral current processes are ot

forbidden in SM at tree level.
e NP models that accommodate the b — ct€ anomalies

predict an enhancement of several orders of magnitude Non-SM particle
with t. o o
« 12 .B._’ Kot ~ 12 lBl—’ Ketu*
® Never Ssea rched for before § Belle+BeIIeIIpreI|-r1n|nary :gﬁ;gm m ._SU Belle+Belle Il prell_r:'nnary :(D;gsal .
. . §10_— Ldt = 711+365 fb P | §10__ Ldt=711+365 fb - Si I
° ngh Kg purlty (>98%) g 8 f—NS‘*’:q'S:a'O Bla?cr:ci]round g 8 iNSiQ:zG:S‘S ----- BE:eround
 Search in 1-prong tdecays: T+ - £tvv, mtv, pTu 5 6| % 5 |
* Fit recoil Tt mass (M,) for signal extraction 54 \ \ J( M HLLL 5.l
w 2r O o w
of ._ __.ﬁ“ldu'ﬂf_' _____ 2

BB’ — Kg'r“L/f) <1.1x107 T TaTae T e L T TR T

M, (GeV/c2) M, (GeV/c?)
@(BO —> Kgl‘_ﬂ +) < 3.6 >< 10_5 $15;Be||e+Be||e||pre|ir?\in_;r;(5t+e — Data Y16 [ Belle+Belle Ilpreliiir;ryKSTe+ — Data
_ _ © 4} [Lot=711+365 10" — Globalfit | g 4t fLdt=711+3651b" — Gilobal fit
!%(BO —> Kg'r-l_e ) < 1.5 x 10 5 E:: i—{‘f‘:'t&z"t :-l:--gle?cr:(ag‘:round §12-—‘£5‘9=_2'9:2'0 ---;:gfgka;round
0 0, —,+ -5 g i
BB - K% e*) < 0.8x 10 % 4
at 90% CL % | 2t
. — I RIS NI S NSRS R S ST S MNTRRVENTE M _2|\\||||||\\‘||||||\‘\|||||\‘\
FlI'St SeaI'Ch for BO - Kgri£+ decays 1 12 14 16 18 2 n:jae\zﬂgi’) 1 1. 14 16 18 2 nifee\zﬂii) 10




| search for B —» K*0rte¥

World best limit in by LHCb [JHEP 06 (2023) 143]:
BYL(B® - K%t ™) < 1.0 x 107>

BUL(B® - K*%77pu*) < 0.8 x 107°

No search for B® — K*%t%e™ yet.

Require one track t, from t decay for background
rejection

Suppress background with classifier using m(K™ ),
m(K*°t_), residual tracks and clusters properties, K*°

vertex fit, event topology, etc.

BB - K% ") <3.9%x 107
BB - K% ) <5.1%x107
BB - K%%e™) <2.7%x 107
BB - K7 et) < 5.6 x 107

at 90% CL

[

Entries/0.050 GeV /c?

Entries/0.050 GeV /¢*

[arXiv: 2505.08418]

Simultaneous fit recoil t mass (M. ) in Belle and
Belle Il data sets:

150 BY 4 KUrte Belle preliminary | £t =711 _ BY 5 KOt Belle IT preliminary [ £dt = 365 !
o, <}

b
| o

Entries/0.050 GeV /¢?

Entries/0.050 GeV /e?

M, [GeV /e
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0 *0 ot — [arXiv: 2504.10042]
I Se a rc h fo r B — K t T BDT is trained using missing energy, extra cluster energy in EM

calorimeter, M(K 0z‘) q etc

* Non-SM particles, explaining recent anomalies, would e T
enhance BF upto 0(10°) due to presence of two s T fea s et I e e
. . . . . 150 £t catego S gq wf catego . ag
 Main challenge: no signal peaking kinematic observable Suws| o Unceramy | g0 27 Unceranty
. . ~ —— Signal B=10"* -~ —— Signal B=10
due to multiple undetected neutrinos ) 5 ’
48]
=
=

» Relies on missing energy information and residual
calorimeter energy; Belle II is ideally suited

0
§ 2 e
B “ “ 364 fb—l 04 05 06 07 08 09 1.0 "4 05 06 07 08 09 10
e e Classifier score Classifier score
h a d ron ic B_ta in Belle Il preliminary ¢ Data 300 | Bellell preliminary + Data
gg g 500 s BKrr . B K
fL‘dt 365 fb! = 5B fcm:ass b = 5B
250 |
400 | » category . qg ] 7 category . gg
<z Uncertainty 200 27z Uncertainty
—— Signal B=10"? —— Signal B=10

Events / bin

‘ 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.4 0.5 0.6 0.7 0.8 0.9 1.0

tag
‘ Classifier score Classifier score
Combinations Of su b-track from T |ead UL — 10.10-3 o . Twice better with only half sample wrt Belle!
%~ =1.8x10"" at 90% confidence level Better tagging + more categories + BDT classifer...

L

to 4 categories: £¢, ¢z, 7w, pX The most stringent limitonthe B — K %z*7~decay 12
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I Charm production at Belle Il

 AtBellell, ete™ mainly collide at 10.58 GeV to make Y (4S) resonance mainly decaying into BB.
« Meanwhile, continuum processes ete™ — qq (q = u, d, s, c) have large cross sections.
e Two ways to produce charm samples: 1) e*e™ — ¢, and 2) B — charm decays.

1.ete” = cchar

23 ——————r—— .
: ete™ — Cross section [nb] e-
~ I 5 Y(45) 1.05 + 0.10 ; C
‘g 20 i .l'l | cc 1.30 ) J
o | : Sf 0.38 I
£ ! B ui 1.61
g b } dd 0.40
8 ! ' rrr—(@) 0.919
15¢ } ' pt () 1.148 -
.g - ': ete” (7) 300 =+ 3 - _
a : : . i : e* C
ik | BB threshold : i
.T ! § : 2.B-decay
+0 L i ‘s " ﬁ- 't : -
Esbi v N ] B < X
b | + ey (L S YT LYY j
! A A A J
s oy o) ) et

0 2 2l . PR | M o 3

044 946 10.00 10.02 1034 1037 1054 10.58 1062
%

Mass (GeV/c') U i



| A in DO - nO+n®

e The following sum-rule for CPV in D — 1ttt decays; it helps to determine the source of CPV:

p_  AGD® ) ABE(D® — n0n%) Adit(D+ 5 7+ 70)
B_TDO (@ _ 2 BL) po (B+— 2 B-l—O) 3 Tp+ (Boo Bi_ )

« ifR # 0, CPV from Al = 1/2 amplitude; if R = 0 and at least one ASY # 0, CPV from a beyond-SM Al = 3/2 amplitude.
* The B’s and t have been well-measured (by BESIII/Belle 1l/etc.)

. dlr(DO — mtm7): precise; first evidence of direct CPV in a specific D decay (by LHCb)

« Raw asymmetry of D® - nt%nt® from the D** — D%t sample:

Araw (D° — 7°79%) = Acp(D° — 7° )+Apr0d + A

. ADrod (the forward-backward asymmetric production of D** mesons in ete™ — cC events): being an odd function

of cos8*, i.e. the cosine of the charmed-meson polar angle inete™ c.m.s
. AL[S (charge asymmetries in the detection efficiency of positive and negative soft pions): using tagged and
untagged D® - K~nt* samples.

* Time-integrated CP asymmetry: ACP(DO s 700 ) A’T AKH—I—Ag,g'untag
an avg

* Here, Agvg = (Af(cos8* < 0) + Af(cosB* > 0))/2, where f = 1°1°, K, untag.



I A in Dt - on? [arXiv: 2505.02912]

cos0*(D*") < 0 cos0*(D**) > 0

e Utilizing data split in the forward and backward bins:
NS18 = 141004130 and 11550+110.

* Result at Belle Il (428 fb™1)
Acp(D? - 'n®) = (+0.304+0.724+0.20)%

Consistent with CP symmetry;
vs. Belle (980 fb~1): (-0.0340.64+0.10)% [PRL 112,
211601 (2014)]

15% less precision than Belle; improved precision per
luminosity.

* Using our result, AE;“_ and AY from LHCb, W.A.
AE;“O and B’s, and t(D%*), we have R = (1.54+2.5)x
1073,
precision of the sum rule: improved by ~ 20% w.r.t
current HFLAV result [PRD 107, 052008 (2023)].
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I ACP in D+ —> T[+T[O [arXiv: 2506.07879]

- Utilizing a sample of ete™ — € data collected

by Belle Il (with high momentum requirement) x10° Tagged decays «10° Null-tag decays
, oo L5F Belle I [ I di =428 b 6 { Data
« Using DT —» K27r* to eliminate common Y Preliminary Tt
+ = -
asymmetry sources: Agmd and A7 ,thusCP 2 . [ Phys. backg.
. 1 4= v
asymmetry of interest: o . 2z Comb. backg.
o
+ -0 + -0 KOt e 8
=)
o
<
. ta _ ©
* Combined ACPg and ARU! at Belle 11 (428 fb~1):
Ap(DT - tml) = (—1.840.94+0.1)% 2 o,
L] D -
(most precise) = 0
)
. : _ Z —0.2
* Precision 30% improved w.r.t Belle (921 fb~1): <

' f T3 2 22
(+2.31+1.24+0.23)% m(7r %) [GeV/e?] m(7r 1) [GeV/e2]

[PRD 97, 011101 (2018)]

tag n_
e Better purity achieved through an improved Nsig =5130+110 N;}; = 18510240
event selection AL =(-39+1.8+02)% AM! = (~1.1+£1.0+0.1)%

17



I ACP in DO N K(S)Kg CFT-tag

Charm-flavor-tag (CFT) D°: exploits the correlation between the flavor
of a DY meson and the electric charges of particles reconstructed in the K*(5u)
rest of the ete™ — c¢¢ event [PRD 107, 112010 (2023)].

opposite side (os) same side (ss)

\I/

Eq - C % o - m—— DO(CL_I,') {: sii::;iecav

cts

signal decay

Fit m(K2K?) and product of tagged flavor q and tag quality r: Double the size of sample compered to D*-tag

1

1600F

% i Belle ILdt=980fb‘1_§ ?3 800: Belle ILdt=980fb‘1 ++i [PRD 111’ 012015 (2025)]

E 140(}-3 { Data . é 700_ "

I IR 5 o An independent sample from Belle and Belle Il:

S ol —Buckgomd wlf - ABL (DO — KOK?) = (+2.54+2.7+0.4)%
! ol AL (D° — KIK?) = (—0.1£3.04+0.3)%
00 toof o Combined Acp = (+1.3+2.0+0.2)%

L R Method Ace [%]

2 s Juceser] D*-tag [PRD 111, 012015] 14+£13£0.1

! Due : CFT-tag 13+£20+0.3

% o) S~ —

* ol " erpend Combination 0.6 1.1 0.1
wf e Most precise!

m(KeK D) [GeV/e?] 1 8



I Charm Meson and Charmed Baryon Lifetimes pri 131 171803 (2023

e PDF Model:

PDF(t,0,) = (1 — fb)J

o

0

e_ttrue/TR(t —

ttrue

| b, s6,)dt,  [PDF;(0,) + £,PDFy, (2, 6,)

sig

t: decay-time; o;: decay-time uncertainty

[PRL 127, 211801 (2021)]

10

[S—

Belle I1
[Ldt=721"

¢ Data
— Fit
----- Background
- DY —» K™t

Candidates per 70 fs
5‘.&)
b

10> F

Dt > K ntnt

.0“.2““4”l6.“8 10

Decay time [ps]

Candidates per 70 fs

10* E

10°

10% E

[
o

10% E

[PRL 130, 071802 (2023)]

f Ldt=20721b"!

+ Data
— Total fit
--- Background

sl

ol

Belle Il
Ldt=207 10"

¢ Data
— Total fit

- - Background

10?
10
1
3 [ S e T R R R R
053 0 1 2 3 4
t (ps)
B Belle IT
i ¢ Data (207 fb'")
— Fit
10
S B (T Background
- QY >
1 I

Candidates per 80 fs

& [PRD 107, 1031

(2023)]

Decay time [ps]

103



I Charm Meson and Charmed Baryon Lifetimes

D lifetime [fs]

A? lifetime [fs]

D
1% >
I\LS IE _ -
% Spe
410 ol 142 ot 12
=R :
: -
405 &
400 | | |
2000 2010 2020
Year
2201 | C
= 1:%
&
S o 8=
- 13 Stz
200 A= SRR
= =
i @
175}
180_ 8
| o
1 | L L 1 1 | L L L 1 | 1 L
2000 2010 2020

Year

D* lifetime [fs]

@ lifetime [fs]

D+

1060
r-_
| =
. :
1040 3] &
i e |g
vf_‘-i :
S 2
| E}Cﬂ
1020
J L Il J L Il J Il
2000 2010 2020
Year
ol
300_ O g %
( 2 8 Q:
C T A le
- 5
| [21]
200
100 ~
[+2] 7]
L 13 . %
<
==
Il | Il L 1 1 | Il L L 1 | Il Il L 1 | Il L
1990 2000 2010 2020
Year

540

520
510}
00~

lifetime [fs]

2490

O480F

E687

470

460

450

>30E 207 b

E791

SELEX

I

T T I T T T T

1990

2000

2010

2020
year

Most precise measurements of
DY D*, At, and DI lifetimes to

date.

The lifetime of 02 consistent the
measurement from LHCb.
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I Z. branching fractions

Reconstruct:
= +K0 =+
. .'_*.C - X7Kg, E¢ & (CF)
=+ _, 50 A o+ 0.+
« Ef K™, 5¢ - pKS, B - At EF - 29t (SCS)
Belle fﬁdt = 983.0 fb~! Belle II fﬁdt = 427.9 b1
" —— Data 8001 —— pata
- —— Total fit I —— Total fit
(’:{__.3‘ 1000 = — T:tal Background (C) !3_2‘ Fo— T:lal Background (d)
E [~ Brokensignal preliminary E 8001 1 Broken signal preliminary
° S wof
B om0 g
S - 5 L
@ - & 200 -
B | 1 1 L 1 1 0 L 1 1 1 1
45 4
= 2F = 2F
2 opm gy e 2 o= e
Y 2.45 25 255 Y 2.45 25 255
M(Z'%+) [GeV/c?] M(E"7Y) [GeV/c?
Belle fﬁdt = 983.0 fb! Belle 11 fﬁdt = 427.9 fb~1
300 | —— Data |l —— Data
| —— Total fit 150 f— —— Total fit
S . — T:ml Background (e) g r — 'I':lal Background (f)
E ol oenstanal preliminary E [ Brokensional preliminary
o o '
s s L
£ £
[1+] [:+]
- -
[NE] w
0 L L L 0 L 1 L
4 4
= 2F = 2F
Q?_g :-'-_" —wr g e E # a:_,_g gy o o ma = I“"’fi"“‘l_
Y 245 25 2.55 Y 2.45 25 2.55

MEKY) [GeV/c))

MEK") [GeV/c?)

et

e

Events/ 2.0 [MeV/c?]

Events/ 2.0 [MeV/c?]

Events/ 2.0 [MeV/c?]

%

Belle [ Ldt = 983.0fb!
800 _— (al) e Data ]
L — Total Fit i
N T Combinatorial -
600 _— Background __
a0 - .
200 - -]
N i
z3
24 2.45 25 255
M(pK?) [GeV/c?]
Belle [ Ldt=983.0fb""
(bl) — Data ]
400 — Total Fit =
----- Combinatorial
Background ]
200 e Bl (o Ay)n” 3
200 poo o LTI Mg BT THE H
100
0 L *
E EWT—J—'.J—-Q
52T 2.45 25 255
M(Ax") [GeV/cT]
Belle [ Ldt = 983.0fb!
C (Cl) —— Il:lata ]
— Total Fit
r e Combinatorial |
F Background 7
200 — cen AN =AY __
y
100 ==,
§ T
0 - ]
=
£
24 245 25 255

M(E") [GeV/c?]

=5 + anything

Events/ 2.0 [MeV/c?]

Events/ 2.0 [MeV/c?]

Events/ 2.0 [MeV/¢2]

200

100

100

100

Pull
fron o

Belle II fL'dt = 427.9fb~1
(a2)

—— Data

— Total Fit
*+++ Combinatorial
Background

M(pK?) [GeV/c7]

Belle Il [ Ldt =427.9fb~!

- (b2)

T
—— Data
—— Total Fit

==+ Combinatorial
Background
wen B oAy”

M(AT) [GeV/c?]

Belle II fL'dt = 427.9fb~1

[ (c2)

T

—— Data

= Total Fit

««= Combinatorial
Background
A=Ay

24

2.45 25
M(E"r) [GeV/c?]
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* In hadronic weak decays of charmed baryons,
nonfactorizable contributions play an essential role
and cannot be neglected.

I =0 branching fractions

First or most precise measurements!

[arVix: 2503.17643]

00 08 1.6 1 2 0.0 0.1

BEF - STK3)(%) BET - E7%) (%) BES - E°K™)(%)

Zhong et al. (I) [11]
Zhong et al. (II) [11]
CLEO Collaboration [12]

Belle and Belle 11
combined measurements

* Various approaches describe the nonfactorizable
effects: the covariant confined quark model, the
pole model (Pole), current algebra (CA), and, SU(3)
flavor symmetry.

. Zou et al. [4] (b) (E) Zou et.al [12]
Geng et al. [5] Geng et.al [13]
— Zhao et al. [6] -~ Geng et.al [14]
—.— Huang et.al [15]
Hsiao et al. (I) [7] . Zhong et.al (I) [16]
Hsiao et al. (II) [7] —— Zhong et.al (II) [16]
- ol 8 . Xing et.al [17]
uang et al. 8] . Geng et.al [18]
Xing et al. [9] .- Liu [19]
Liu et al. (I) [10] .- Zhong et.al (I) [20]
. Zhong et.al (II) [20]
Liu et al. (II) [10] Zhao et.al [21]

Hsiao et.al (I) [22]
Hsiao et.al (IT) [22]

Belle and Belle 11
combined measurement

o 1 2 3 0 5 10 15 20 1 2 3 4

B(E—~pK)) x 10°  B(Ei—Ax") x 10*

[JHEP 03 (2025) 061] 22
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Mass, [MeV/c?]

The Y(10753) was first discovered in Tt~ Y (nS) final states

I BOttomOniu m using scan data by Belle [JHEP 10, 220 (2019)].

35 4F
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10000 - mp(25)  pos L f‘ﬁr I A lu ’ } I
nn hi(1P, S oo(1P) b1( (b2(1P) & | [ H_H~ ] { H H
9800 - o 0 —]- ]
s A L l
9600 05 f06 107 108 108 i1
E.., (GeV)
9400] A Y(15 .
‘ Recently, Belle Il collected 19 fb! of unique data around

0+ i 1+- 0++ 1++ == 27" Vs ~ 10.75 GeV to study the nature of the Y(10753). 24
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G(e+e'—>xb1(n+n'n°)non_w (pb)

(o)}

N

-=-Belle data
== Belle || data
== Total fit

10.7

10.8

109 11

\s (GeV)

N

o

: - Belle data
| =Belle |l data
— ==Total fit

o(e’e—y, ) (pb)

s(e"e—(y (mnnd), ) (pb)

wXpy and eTe” = (M 1?),0n-wXp) at Belle and Belle I

[Preliminary results]

Y(10753) mass

(10756.144.3) MeV/c?

Y(10753) width

(32.24+18.7) MeV

- - Belle data
10 ~+Belle Il data
5 == Total fit
5_
0 P Al il e o
10.7 10.8 10.9 11
s (GeV)
10

- Belle data
= Belle || data
- Total fit

The mass and width are consistent

with those from ete™ - ™Y (nS)

measuremnt [JHEP 07, 116 (2024)].

o(ete -y, j(1P)w)

o(ete-—YnS)ntmT)
&~ N

1.5 at+/s ~ 10.75 GeV

0.15 at+/s ~ 10.867 GeV

This may indicate the difference in the

internal structures of Y(10753) and
Y(10860).

due the cascade decay of

Y(10860,11020) — ZpTt — XpjpTr

[PRD 90, 014036 (2014)].

* The (M* ™ 1%)hon-wXpj €XCESS Maybe
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= vy, Y(2S) = Y (1S), Y(1S) — £+ 4~
I ete” - nY(29) at Vs ~ 10.75 GeV ?]egn-(n(),)y(zg)i {’gf‘) -

[Preliminary results]
After requiring Y(2S) signal region, simultaneous fit to M(yy) and M(rttt™nt°) for each energy point.

E_— Belle Il, 3.5 15" L Belle II, 1.6 i ﬁ_— Belle Il, 9.8 b’ 6_— Belle II, 4.7 b’
?‘; | at 10.653 GeV 1"5 [ at 10.701 GeV %J-_; L at 10.746 GeV % . at 10.805 GeV
o 4 o | o 4 o 4
w o oo oo w !
2.1 £ 2 £ .0 g .1
o 2r ] I o 2 o 2@
T AT oo |
0.45 05 0.55 06 065 045 05 055 _ 06 065 045 0.5 0.55 0.6 065 045 0.5 0.55 0.6 0.65
M'(yy) [GeV/c] M'(yy) [GeV/c] M'(yy) [GeV/c] M'(yy) [GeV/e®]
6 . 6F 6F
® v bt v |
-2 = -2 F -2 i
o 4 o | o 4 o 4
S| o | o1 [} 21
2 I 2 2f 2 2 1
© 2r g L @& 2r o 2@
o | (7] oo j\ oo
0.45 0.5 0.55 06 065  0.45 0.5 0.55 0.6 065 045 05 055 06 065 045 05 0.55 06 065
M(r'nn’) [GeV/icd) M(r' %) [GeV/c] M(r'mn%) [GeV/cd] M(r'n®) (GeV/c)

 Combining all of the energy points, the signal yields forn = yyandn -t n® are 6.07}Z and 11.513-3.

* The statistical significance is 6.4¢ for ete™ - nY(2S) at+/s ~ 10.75 GeV. -



I ete” - nY(2S) at+/s ~ 10.75 GeV

5 [P

énY(ZS) at Belle

# Y (2S) at Belle Il (Preliminary)

-

Vs [GeV]

The Born cross section of ete™ - nY(2S)
around B*B* mass is relatively large.

[Preliminary results]

Fit the with 3 different hypotheses:
H,: only Y(5S) [blue curve]
H,: Y(10753) + Y(5S) [Green curve]

H,: B*B* bound state + Y(10753) + Y(5S)
[Black curve], the default fit.

The masses and widths of B*B* bound
state, Y(10753), and Y(5S) are fixed
[JHEP 10 (2024) 114].

The statistical significance of B*B* bound
state is larger than 3.20 [H; comapred to H,
or H; comapred to H,].
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Jete - vxu 0 =0,1,2)

The simultaneous fitted results to M(yY(1S)) distributions from data samples in ete™ and p*u™ modes.
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—
2 2
=
9 =
% 10}
]
>
]

§
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g .
£ 20
& I
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|~ Data Yo Belle II, 9.8 fb”
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o L SIS R R ST TLL LTV Y L o
75 9.8 9.85 9.9 9.95 10

M(yY(1S)) [GeV/c?]

(B) 4,
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g - —Background -y, e* e’ mode
2 20f 7 +
B C 1
€ r T /”L\l ‘*—L [
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L | | ETPLAT 1Y L L
875 9.8 9.85 9.9 9.95 10
M(yY(1S)) [GeV/c?]
100
Boi ~ Data " g Belle Il, 9.8 fb
- —Fitted result -~y (s =10.746 GeV
- —Background -y, e* e mode

Events/ (10 MeV/c?) 5

60|
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&75..;;..
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TS
M{yY(1S)) [GeV/c?]

* Noclearsignal of ee™ — YXpj €an be seen.

0]

UL
Born

(Bgc[)‘rn (e+e_ - YXb1)~10_4)-

10

(ete™ — yxp1) at+/s =10.746 GeV is 0.25 pb

~_
lg]
~—

Events/ (10 MeV/c?)

—~—
R
S

Events/ (10 MeV/c?)

1oL *Data g Belle Il, 1.6 fb™"
- —Fitted result - Vs =10.701 GeV
[ —Background -y, u* W mode
5 l J» '
S TR s rannhnRRnARARN
875 o8 965 9.9 9.95 10
M(yY(1S)) [GeV/c?]
40 -
[~ Data o Belle II, 4.7 fb"
30~ —Fitted result Vs =10.804 GeV
[ —Background -y, uw* u mode
20
107 T
o A b
L. I. REREReN —L—.l\ N .]|J. I_T_,+
875 o8 985 99  9.95 10
M{yY(18)) [GeV/c?]

[Preliminary results]

(d) 4

N [ - Data " e Belle II, 1.6 fb”

S | —Fitted result s =10.701 GeV

< 201 —packground K e*e mode

o L

2 ol . | |
e s

875 9.8 9.85 9.9 9.95 10
M(yY(1S)) [GeV/c?]

(h) &

< | -~ Data " Yo Belle II, 4.7 fb

= - —Fitted result -y, Vs = 10.804 GeV

% 40 j —Background -y, e" e mode

= i

2 . Lt

g I

T, Hot

T
TR T AT A T, M. PR BT | TR R R
8§75 9.8 9.85 9.9 9.95 10

My Y(1S)) [GeV/c?]

If the Y(10753) consists of a significant D-wave component,
the branching fraction for Y(10753) — yxp; can reach
10-2[PRD 92, 054034 (2015), EPIC 78, 915 (2018)].

Our measurement indicates that the D-wave component

in the Y(10753) cannot be large.
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| Evidence of P.:,(4459) at Belle [arXiv:2502.09951]

15 L 4 Data 3 30 7> - OZl suppressed decays of Y(1S) and Y(25)
- — Total fit <> rich in gluons:
~ - - Signal fit SELLE  enhanced baryon production
=2 - Sideband fit 102M T(1S) * Pentaquarks?
% 10 ---11.0-P¢S simulation 158M T(25) '
S - Esideband - Select inclusive Y(1S,2S) — J/WA + X decays,
% i then search for P.zg = J/WA in M(J/YA)
.E - T FJ } - 4.00 local significance with free mass and
£ 0 T DT I width
=T S O 7 S O o |
i —--r{ <l> _L * ‘ - - 3.30 significance with the Gaussian
] +|++ll ]'i]r constraints from LHCb measurement [Sci.
Y. ]GPSOV O R PO P O Bull. 66, 1278 (2021)]
4.2 4.3 4.4 4.5 4.6 4.7

(m — myg)? N (I' — T'p)?

2 2
O'mO 0'1—\0

M(J/A) (GeV/cd) 9L+
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I T phys|cs >? T rr.lass and Ilfet.lmc.e, Ieptor.l fla\{or/number
violation, CKM unitarity, CP violation, ...

uivv

SuperKEKB as a T factory

+

« eTe” collider produce T lepton pairs at high rate T decay modes

others

© T m*nly 3n oy

' Advantages at Belle Il:

Y ' v High luminosity
' v' Good vertexing and tracking capabilities
| \/ Good trigger system and particle ID

et ++
S + . / 1t);Lg{:gn3? \Y'—* ) Taupair events are produced
0’(8 e — T 7T )= 0.92 nb 7 o back-to-back and each tau is
+o— R — 3x1-prong reconstructed via 1 or 3
o'(e e — BB): 1.05 nb topology 4 charged tracks.
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|  mass M(t) = (1777.09+0.08+0.11) MeV/c?
Most precise to date.

Systematic uncertainty (0.11), dominant by beam-

10 energy correction and charged-particle momentum
16 Bellell t gati . Fit correction. [PRD 108, 032006 (2023)]
—~ F _ """ Backgroun
‘:(2 14 o IL dt =190 fb™ 9 PDG Average (2022)
S - 1776.86 + 0.12
D
= BES (1996)
0 1776.96 1032 02
- BELLE (2007)
~ 1776.61+0.13 £ 0.35
% KEDR (2007)
0 1776.81 2> £0.15
L BaBar (2009)
1776.68 £ 0.12 £ 0.41
BES IIl (2014)
1776.91+0.12 707
— Belle Il (2023) )
n:_' 1777.09 +0.08 + 0.11
| | | | | | | | | | | I | 1
17 172 174 176 178 18 182 1.84 1776 1776.5 s
M_ [GeV/c?] m, [MeV/c?]
min — T MAsSSsS

Fit the distribution with B M in — P 5
a Heaviside step function: F(Mmin) = 1 = P3arctan( P, + Py(Muin = P1) + Ps(Mmin — P1) 32




| Lepton-flavor universality in T physics [JHEP 08 (2024) 205]

Extract R, by fitting the lepton momentum [1.5, 5] GeV/c:

x10°

x10°

Belle 11 (T = e e (Tt = h*nn®iy)
_ Other (true e) ]
— 1
[Lat = 3621 Other (fake e)
77 Uncertainty
¢ Data

Belle Il B (T p (Tt - htnnfoy)
J‘Ldt = 362 fp~! I Other (true y) ]
I Other (fake u)

«/#+ Uncertainty

¢ Data

I R, f(mg/m3)

ge| \f(mi/m%)'

_ B(tT = pTouy)

Data/model Events per 0.167 GeV/c
N

Data/model Events per 0.167 GeV/c
N

gl.L — . 1 1
= =11 SM R”_B(— —
T —r € Vel ) 0 0
8e eE¥T 1.01F ] 1.01F 3
e % . %
1.0 HesnAah g g AAANA YA A*/,Af%fr// T 1.0 ftehoqpph by g {/ﬁ/y%/
099 = L 1 L 1 L 1 = 099 L L N L 1 | 1 B
1.5 20 25 30 35 40 45 50 1.5 20 25 30 35 40 45 5.0
pu [GeV/cl pe [GeV/c]
tag side y
(JResults: Most precise to date
Y R;¥'=0.9726 f 9u= e
et CLEO (1997) CLEO (1997)
= 0.9777 + 0.0063 + 0.0087 " 1.0026 + 0.0055
m BaBar (2010) . BaBar (2010)
0.9796 + 0.0016 + 0.0036 1.0036 = 0.0020
HFLAV fit (2021) HFLAV fit (2021)
\ - 0.9762 +0.0028 - 1.0019 +0.0014
Ve
Belle Il preliminary (2024) Belle Il preliminary (2024)
. L 0.9675 + 0.0007 + 0.0036 - 0.9974 + 0.0019
Neural Network for background suppression | | | | | | o
0.96 0.98 1.00 1.02 1.04 099 1.00 1.0l 1.02 103 1.04 1.05 33

94% purity with 9.6% signal efficiency R, 19,/ Gel=



ILepton flavor/number violation in T phy5|cs

Lepton flavour violation is only allowed by:

e Neutrino oscillations O(107>°)

far beyond current experimental sensitivities
e New Physics models O(108)

e.g. Leptoquarks for 7—

anomalies

[JHEP 09 (2024) 062]

I S 1 Belle IT Signal region
e 3 . —— 420§ region
0.3 f[,[t:424 = + g

I ,9, ] ‘ 7 . Sidebands
32 1 B(r —p ptp )=6x10" &+ Data

= B

1<

- 0.1

- 0.0 1

" —0.1

= o2}

[ ] _0_3 -

n

— £~ V° deals with R(K*°)

[PRD 110, 112003 (2024)]
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Summary

- Belle Il and Belle hold a unique data sample. A number of interesting
measurement has been already performed in different fields, such as
* Provide a unique environment to study modes with missing energy: B — Kvv, B —
Kottt BY - K*Ott¢+ BO - K*Ottt™
 World’s best determinations for A., in D% - 1%+ w0 and D% - K2K?, most precise
measurements of D°, D*, AY, and DY lifetimes to date, and first or most precise
measurements for some charmed baryon decays
* Properties study of Y(10753), unique in Belle I
» 1 factory! Precise property measurements and search for NP

- Only 1% of target luminosity collected so far. Stay tuned for more exciting
results from Belle II.
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| Data-taking plan at Belle Il

- N T R B S . S B S B B 70 L
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Hadronic, leptonic, and
semi-leptonic B decays



| Strategy for CP measurements

BB-pair entanglement — B-meson flavour is opposite to its pair at time of decay, then
oscillates in time.

I(B - fop) - T(B® = fop)
F(FO —> fcp) + F(BO —> fcp)

Acp =

CP-side

B°(B°) L~ Signalmode

Boost (By) =0.29 Boost

direction

Tag-side

All results today involve hadronic tagging, except for R(D**)) and B — Kvv.
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| B - ptp-

Goal: Branching fraction (B), polarisation (f;), CP asymmetry (S and C), ¢, measurement

This decay gives stringent constraints of ¢, due to small contribution from loop amplitude (b—d).
Mixing-induced CPV param.

01 GeV
-
ur
IS

Events / 0.025

Pull

pull Events/O0.
-

[S]
(=}
(=}

(S ]
(= -

Probability distribution

=

Helicity angle distribution

[arXiv: 2412.19624]

(‘* Longitudinal polarisation fraction

P(A eTV TR 11 g FemlAmmgA ! il 9[1(1— f,)sin?,+ sin®
t,q) = { + sin(AmgAt = = £ [— — sin sin“ 6 -
(atyg) ATpo q[ (AmaAt) I'dcosf,+dcosf,- 3|l = gt P
—C cos(AmgAt)] }, +f1 cos? 0+ cos? Hp_] y
Direct CPV param. (./
—=— Long. signal -- Self-crossfeed qq BT t{ Data
==+ Trans. signal = ===+ Peaking backgrounds BB  —— Total
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[eu-is 1 2 oo S e Extend ML fit to 6 obs: AE, m =+ 0, J¢, and cos ,+ to
G o0 et Pl S extract Band [
5 g
0 @ g @ o
3 E = 3 = 3
(p— w= e —w— F Ih e Prelimi
T4 00 o1 0.6 0. Results ( re |m|narY)
AF [GeV] My [GeV/c? My 0 [GeV/c?]
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| B - ptp-

Extend ML fit to At to extract S and C:

Events / 1.0 ps

Asymmetry

100

80

e &)1
o ]

b
o
T T

|
e 2 29
w o w

o

[Belle II preliminary & B tag ]

:_f,s dt = 365 fh ¢ Btag

At [ps]

S=-0.26%+0.19 +£0.08
C=-0.02x0.12%0.05

[arXiv: 2412.19624]

\/iiAnL‘i‘Aoo = Ao
1
Constraining ¢, V2
* Perform isospin analysis based on the amplitude
of longitudinally polarized B — p'p/, Aij
e Constrain using this measurement + World

Averages (BaBar, Belle, and LHCb)

A+ Agp =4

Belle II preliminary B—pp (WA + Belle II (2024))
00 = (026743 |

1.0

0.8 |-

— +4.8 o a°°f
$r=(91.5 52 ) g
Dominated by systematics fromS *° :'

....................................................................................

oo b e e
0 20 40 60 80 100 120 140 160

®2[°]
Second solution of ¢, excluded by ¢4
and ¢3 measurements

Good agreement with previous BaBar (2007) and Belle (2016)

with equivalent BaBar and ~50% of Belle equivalent luminosity !
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https://www.doi.org/%2010.1103/PhysRevD.76.052007
https://www.doi.org/%2010.1103/PhysRevD.93.032010

| search for B* - ttv,

* Precise BF value is important to check consistency with SM predictions / constrain new physics
BB — ) > BB — uv) > BB — ev)
>

[arXiv: 2502.04885]

* Potential modes to precisely measure |V, |
* Challenging (particularly, T mode) due to undetected neutrinos in the final state

Results (Preliminary) 30 significance

Validate simulations/efficiency/modelling using control channels B —

X#v,B - D®m, and B —» D*%¢v,, then
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] i
a ] il _+  BaBar (426 fb~', hadronic)
[ 1 il 1.837033 £0.24  PRD 88(2013)3,031102
g . ] o Belle (711 fb~1, hadronic)
] i 0.72+827 £0.11  PRL110(2013)13,131801
i ] HH Belle (711 fb~!, semileptonic)
= — R N :E 1.25 +£0.28 £ 0.27 PRD 92(2015)5,051102
[ | ] ] i
I‘ H‘|.‘.\.‘\.I‘.,J. B ‘ P U T R R
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| R(D) and R(D*) R _ BB 5 D s,

BB’ — Dt 1)
* In SM, the W boson couples equally to 7, u, e = Lepton-Flavor Universality (LFU)

* Ratio measuremnts provide strigent LFU tests: branching fractions, angular asymmetry, etc.
* Normalization (| V¢ |) cancels

* Part of theoretical, experimental uncertainties cancels

~ 04 , — T
é A 68% CL tontours .
o~ i Moriond 2024 Belle® BaBar :

Goal: R(D*) and R(D™*) measurement using semi- o35 -

leptonic tagged approach (First results) 03[ > -

. W 0.25 = h LHC&
Reconstruction: ; :
* Use semi-leptonic FEI to reconstruct the By, M M v By o I,
i (%) : ST .. T R
* By, is reconstructed from D', leptons, and leptonic % 2 = 2
R(D)
T decays

Combined deviation from SM stands at 3.30
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I R(D) and R(DY) [arXiv: 2504.11220]

Signal EXtraCtiOn Results (Preliminary)

2D binned log-likelihood fit to z; and Zgifr = 2, — Zpkg

The three classification scores are denoted as 3., Z,, and Zpg for
semitauonic, semileptonic, and background events, respectively.
Input BDT variables: angular, momenta of £ and D), and E, extra.

R(D) = 0.418 & 0.074 (stat) £ 0.051 (syst)
R(D**) = 0.306 + 0.034 (stat) + 0.018 (syst)

Belle Il [cdt=365fb~2
2500 1 _ D+e— | 250
mm B%-D* 1v, € 0.45] Belle Il had. tag
— I, SR post-fit + sSmi2-8] — 2024 [22]
T This work 39.3% CI SM exp. R(Xes)
BOoD * 17, = TG WK OBINCS e Ballosll ok R 1) 23
2000 ¢ —-E0-D" 15 200 0.404 s ovesge
E wm B-D"" * 1, + BO-D]L; v, in D* 1 42 seeiagy
S BN BO-D"" * v, + BO=D; (v, in D** 1 2
o 1500 EEE BB and Continuum Bkg. in D */ 150 @ : \
L'E') B BB and Continuum Bkg. in D**{ L'E':r \‘, :
ES 7/ Uncertainty %
a) ® Data e . N e 4
2 1000 100 2
= =
Z Z,
000 50 .
0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D)
0 0

_ « Results are compatible with SM within 1.7¢
Z4iff VS. 2z, bin number 45



I A dark Higgs boson in association with inelastic dark matter

Dark photon A’, dark Higgs h’, and two dark matter states x4, x> [Prellmlnary TESU"'.S]

Looking for simultaneous production of A’ and h’

pointing

- * 4 tracks in the final state

in e 2 forming a pointing dispaced vertex

X1 - - \\\
---- e+./\ o * mising energy

non pointing €

)
=
ot Kt 0 10-1 [ S .
'iut 801 BeIIeI N Jedt= 3I65 o1 | | | | . 102 + LHCb
> i limi ] _ _ H _
8 7.0 :rezecltJm(IZ?lgrr\ynel: h(->n*n)x(—e*e”) * cut and count Strategy In Mh’ (X X )
@ 6.0} - e oyy I distributions 1030
S 50| - e I » No signicant excess found
%4.0- { mm eteweteete | o 8 events observed consistent with  107% Belle Il
> B efe -»>TiT(y) d b k d (this work)
w 3.0 w MC stat. unc. 1 expecte aC groun 10_5 ap = O]:;
¢ Data 0 1 €=15x107" 1
2.0 | o ConJ\r/ert UL at 90% C.L. of e " M) = 2.5 Gevic?
— ' ra- (A) =3m(x1)
1.0 oleTe™ - xxh')xB(x, — x.e*e™)x 10-6| Belle Il [£dt =365 fb~! Preliminary ij:0.4%(§1)‘
0.0 - - d  B(h' - x*x7) to mixing angle 6 10-1 100 10!
Mp (it =) (GeV/c?) m(h’) (GeV/cz)
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| CKM matrix element

Belle Il important task:

Constrain CKM unitarity triangle & test SM

Via Vi Vi Vis
Via Vi Vea Vi

Vud
Ved
Via

Vub
Vcb
Vi

Exclusive: B — nlv, B = plv,B — DOy, etc

~ % |Vxp|? X [FF(q?)|?

dq2

Inclusive:

B> X, B— X1y

Form factor from LCSR, LQCD

1
B o Vol x 16 > t#) + -+ as+ | From OPE

5 4.8 SEESLON SRR B MLERIEASIN LI B
(= 4.6 Exclusive [V | Ay” = 1.0 contours

::4 E . Inclusive -

= 44F Exclusive [V | nel. . VekGoou 3

> 42 3 \ANA %\/wl:global fie 3

E - HFLAV Average E

4= ~30- =

38F ; =

36F 178 >

34F Excl., =]

32F :

35 HFLAV &

= =

2.8F PO =89%

T T T (SNNTUNNSTUNSTUS) S S [PUNS U W N U N U S O

36 38 40 42 44 4

[Vepl [107]

Several measurements carried out by Belle and Belle II:

| Vos
|Vub|

Simultaneous INclusive anad

- |Vu| from B — (7, p)lv simultaneous analysis

- Angular coefficients of B — D*[y Belle: PRL 133, 131801 (2024)

New from Belle |

exclusive |Vubi

Belle: PRL 131, 211801 (2023)

- Ratio of inclusive b — c and b — u decays Belle: arXiv: 2311.00458



I A dark Higgs boson in association with inelastic dark matter

Dark photon A’, dark Higgs h’, and two dark matter states x4, x> [Prellmlnary TESU"'.S]

Looking for simultaneous production of A’ and h’

pointing

- * 4 tracks in the final state

in e 2 forming a pointing dispaced vertex

X1 - - \\\
---- e+./\ o * mising energy

non pointing €

)
=
ot Kt 0 10-1 [ S .
'iut 801 BeIIeI N Jedt= 3I65 o1 | | | | . 102 + LHCb
> i limi ] _ _ H _
8 7.0 :rezecltJm(IZ?lgrr\ynel: h(->n*n)x(—e*e”) * cut and count Strategy In Mh’ (X X )
@ 6.0} - e oyy I distributions 1030
S 50| - e I » No signicant excess found
%4.0- { mm eteweteete | o 8 events observed consistent with  107% Belle Il
> B efe -»>TiT(y) d b k d (this work)
w 3.0 w MC stat. unc. 1 expecte aC groun 10_5 ap = O]:;
¢ Data 0 1 €=15x107" 1
2.0 | o ConJ\r/ert UL at 90% C.L. of e " M) = 2.5 Gevic?
— ' ra- (A) =3m(x1)
1.0 oleTe™ - xxh')xB(x, — x.e*e™)x 10-6| Belle Il [£dt =365 fb~! Preliminary ij:0.4%(§1)‘
0.0 - - d  B(h' - x*x7) to mixing angle 6 10-1 100 10!
Mp (it =) (GeV/c?) m(h’) (GeV/cz)
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