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The Belle Il experiment began collecting data on 18 November.




Unigue capabilities of Belle/Belle 11

Beam energy constraint

Clean experimental environment: high B, D, K|
T lepton reconstruction efficiency

Long lived particles (e.g. Ks), % and photons well
reconstructed

Capability of inclusive measurements

BB produced in quantum correlated state: high
flavour tagging effective efficiency (30% vs 5% @I1.HCb)

The full reconstruction of one B (B
the 4-momentum of the other B (B,

tag) CONstraints

Reconstruction of channels with missing energy

Pv = Pete~ — PBiag ~ PBsiy

BELLE B e

7000000 //’/ 2 AR
%/%// /// \\\\\\\§\\§%\\\\
Ak

, : nHun1nMe

, o NN nMinne
A N\ \\\\\\\( NN \\\
N \\\\\\\\\\

WA\

7%

\,»:3 333 020 2 ‘ ;N/
T
ll" "‘l .@ [ O ‘\\\\\

Z

2
277,
70 W ////z%z

£
5 / Bsi.q
e
= e Y (45
L Btag/

| P
n*/ \K‘




China

¢ Beihang: Beihang Univ.(BUAA)

» Fudan: Fudan Univ.

+ HNU: Henan Normal University

* HUNNU: Hunan Normal University

* IHEP-China: Institute of High Energy Physics(IHEP)
e JLU: Jilin University

+ LNNU: LiaoNing Normal University(LNNU)
* NNU: Nanjing Normal University

» Nankai: Nankai University

¢ SEU: Southeast University

« Shandong: Shandong University

+ Soochow: Soochow University

Belle | |{3\/f/]§ 63K 28/ H K /# X 702 2 A, gzl X, « USTC: Univ. of Science and Technology of China(USTC)

¢ XJTU: Xi'an Jiaotong University

‘:P k]]é-q: 15’5’2’%"{—‘1\ 142/%)35‘(‘ 7’1 9 ;HFZ ﬁg;:— : Zhengzhou University




Belle |1

ok B AT 324591 L&
A B R £ 40~455 3

" ~Romania
g fomant

| A
A S
' ‘t =

50

40}

30

Total Submitted Papers

Namibia ,’z‘m
Bouwan/v
v

-

» Nankai: Nankai University

¢ SEU: Southeast University

« Shandong: Shandong University
+ Soochow: Soochow University

Belle | |{3\’ﬁ§ 0 6, 3% 7T( E] 28/]\ %/ WX 7024 )35(‘ j'rl 20 ﬁx « USTC: Univ. of Science and Technology of China(USTC)

¢ XJTU: Xi'an Jiaotong University

‘:P k Fﬁ% . 15 %—Z i'{i N 142/% )%S‘(‘ 7’1 9 31}5”5/% ;F,;’ .—:‘ e ZZU: Zhengzhou University




Light hadron




| A peak at An threshold

> A trace of a peak structure is observed in the pK~ mass spectrum in the previous analysis of AL —
pK~m™ decay by the Belle. PRL, 117, 011801 (2016)

> LHCDb performed an amplitude analysis of A¥ — pK~n*. A similar structure is also seen. LHCb explained
the structure using a BW form with fixed mass and width. PRD 108, 012023 (2023)
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| From the perspective of a new res

onance

[PRD 108, L031104 (2023)]

> We perform a binned least-x? fit to the efficiency-corrected M(pK ™ )distribution

function.

dm

—_

Efficiency-Corrected Events / 1MeV/c? &

m, = (1662.4 + 0.3) MeV
[, = (22.6 + 1.5) MeV

Reduced x?/ndf = 328/24
= 1.35

* Not very good
especially near
the peak.

Pull
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Fit to M(pK™) distribution using non-relativistic BW
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Pull

Fit to M(pK™) using BW with complex constant added
coherently, leading to constructive interference below the An
threshold and destructive above that.

N x |BW(m) + reie|2

m, = (1665.4 + 0.5) MeV
I, = (23.8 + 1.2) MeV

Reduced x?/ndf = 308/243
= 1.27
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| From the perspective of a cusp at A

> Ano_ther Bossibility_is ihat the peak structure 1s a cusp at the An threshold enhanced by the A(1670) pole nearby.

Strength [arb. units] Efficiency-Corrected Events / 1MeV/c?
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> The best fit with y?/ndf=1.06 (257/243) is obtained at me=1674.4 MeV/c?*

» The measured: I'" = (27.2 £ 1.9739) MeV, ga, = (258 +23%5;) x 1073

Our measurement A(1670)

[PRD 103, 052005 (2021)]

mass Fix m; =1674.4 MeV/c? (1674.3 + 0.8 + 4.9)MeV/c?
Total (50.3 + 2.97%3) MeV (36.1 + 2.4 + 4.8)MeV
width

» The fit result with the Flatté function to which the constant is coherently
added shows the best reduced % /ndf of 1.06 (257/243,p = 0.25), while
1.27 (308/243,p = 3.1 x 1073) from the best BW fit.

» The best fit explains the structure as a cusp at the An threshold.

» The obtained parameters are consistent with the known properties of
A(1670).

First identification of a threshold cusp
In hadrons from the spectrum shape

(See Duan, Bayar and Oset for a theoretical
interpretation of this result. Phys. Lett. B 85{0
(2024), 139003)



| Peak at pn threshold in A7 — pKATC. . cos onary
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» A clear peaking structure near the pn
mass threshold is evident in the
M (pr®) distribution.

» The same effect was observed in the
At - pKdn study

» The similarity of this effect and the An

threshold cusp, which was found to be
amplified by the A(1670) in the pK~
system

» Suggesting that the peak near the

pn threshold may also be attributed to
a threshold cusp enhanced by the
N(1535)*.

> A further analysis is planned for the

near future 11



The 2(2012)" baryon The 0(2012)~ was interpreted as a standard baryon or a

The Q(2012) was first observed by Belle in =K final states  £(1530)K molecule.
in Y(1S, 25, 3S) decays [PRL 121, 052003 (2018)].

160
T 140 PRD 98, 034004 (2018), EPJC 78, 894 (2018),
2 120 The PRD 98, 114023 (2018), PRD 101, 016002 (2020),
> Standard _ PRD 105, 094006 (2022), PRC 103, 025202 (2021),
§ 100 Q(2012)~ decays
2 o barvon y PRD 98, 014031 (2018), PRD 107, 034015 (2023),
2 ’ Iy dominantly to ZK. PRD 98, 014031 (2018), CPC 47, 063104 (2023),
£ 60 PRD 107, 014025 (2023)
E 40
o
20 The 0(2012)" decays PRD 98, 054009 (2018), EPJC 78, 857 (2018),

— a PRD 98, 076012 (2018), JPG 48, 025001 (2021),
o 350 = =
b =(1530)K equgl(llystg ) I%and PRD 98, 056013 (2018), PRD 101, 094016 (2020),
2 8007 v . JKS EPJC 80, 361 (2020), PRD 102, 074025 (2020),
o 250f Or the E(1530)K decay PRD 106, 034022 (2022), Few Body Syst. 64, 55
p: 200 mode is dominant. (2023).
§ 0(2012)" - E(1530)K
'é 100 ( ) :( ’ )

. . K -
s % Measurement of the branching fraction for N -
—_ ~ Y7 ° . I v
teT T 2 —a0s Tei 215 22 ()(2012)” - £(1530)K is crucial to e
distinguish the nature of the 0(2012)! =~




Search for (2012) — KE(1530) = KTtE  pro 100, 032006 2019)

We use the same data samples to search for 1(2012) — KZ(1530) — KnZ in the decay of the narrow
resonances Y(1S), Y(2S), and Y(3S).
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No clear Q(2012) signals are observed.

We give the upper limit on the rafio of the branching

fractions at 90% C.L.
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Revisit 2(2012)~ - £(1530)K - EnK PLB 860, 139224 (2025)

The comparisons between the previous analysis [PRD 100, 032006 (2019)] and this work.

Analysis strategy The previous analysis [40] This work
The requirement of M (Ex) 1.49 < M(Zm) < 1.53 GeV/c? M(Em) < 1.517 GeV/c?
The signal shape of 2(2012)” A Breit-Wigner function A Flatté-like function [41]
¢-induced backgrounds No requirement IM(K~K') —mgy| > 10 MeV/c?
700 r 7 . .
. 600F i+ ~Data The Flatté-like function [PRD 81, 094028 (2010)]
O C . :
j;; igg— —» <—+ —Signal MC ) - nkin (M)
2 300) 4— ++ + " | My, — mo2012) + %j=22,3 9;|k; (M;) + ik; (M;)]|>
IS O TR * - e, * Jn 1s the effective coupling of to the n—body final state.
3 L'__'iF_r_,.....----'l'------..;|FE o ‘°‘ I'f' * k, and k, parameterize the real and imaginary parts of the (1(2012)~ self-energy.
0546 148 15 152 154 156 158 1.6
M(En+) (GeV/c?) Above 2.02 GeV, the phase space k; increases sharply to cover more signal candidates.

The red arrow for this updated work; The blue arrow for the previous analysis. 14




We fit simultaneously to the binned 2~ ntK~, 2~ K

Revisit 2(2012)~ - £(1530)K - EnK

0 =0
S)-

Y(1S,2S,3S) data samples.
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K3, 2%m%K~, E°K~ and 27K mass distributions from

qg 1.55

é 2.(I)5 2I.1 2.:I5 2.2
M(EKg) (GeV)

The mass and effective couplings :

Q(2012) mass

(2012.5+0.7+0.5) MeV

The coupling to EK

(1.7+0.3+0.3)x102

The coupling to
2(1530)K

(39135+9)x1072

¢ B(Q(2012)~ — E(1530)K — E7K)

=K B(Q(2012)— — ZK)

!

0.99+0.26(stat.)=0.06(syst.)

Our result is consistent with the molecular model of 0(2012)~, which predicts comparable rates for (2012)~ decay to

Z(1530)K and EK .

15




Discovery of Q(2012)~
PRL 134, 131903 (2025)

(2012) was first observed by Belle in two-body (2K) decays, 10—+ e S

. . ——— Q(2109) ° Data in signal region _g
Confirmed by BESIII (low statistics) and ALICE (150). A @012y TR @
é: 80 —- o Simultaneous background fit _E
= = 70 =
L — =0 K— D (a) % 60 k-
RN = (> E -
= BELLE ]
2 120 \ { + g1, =0
0 =8 P
g 10 H - SRR + el BLLL 4 { + £ 10 =
)] rell , ‘ - ) =
g 80 ary 0 'l \ \ o \ ( " o8] e ho | > -
§  eofl )t + . ¢ 20 E
5 = t4 ﬂ 10 -
g 40_:_ 1 -y Wbl i g (0 R —‘ “u—'l"l | l'l\‘l—l diaii 1E
- 20— 0516 17 18 19 2 21 22 a3
E & | i 5 i i | i P A i | X @ 4 i | 4 . i 4 | & a i " RM§++M§+-III§+ (GCV/CZ)
§,  350F (b) - = :
S — 8 7000_‘
2 300F > PRD112,092002(2025)
250 '. ]
P 200 T 6500
<t \ L
o (2}
5 150 c
£ > .
£ 100 & 6000
S 50 :
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA I it _+_ Same-Event Pairs
Q9 1.95 2 2.05 1 215 2.2 5500 —Fit: Signal + Bkg.
M(Z K) GeV/c? : ---Fit: Background _ 16
The ©(2012) was interpreted as a £(1530)K molecule. Spem B Ggs | 23

M, (GeV/c?)



MC-based PWA of Ef > E o™ PRD 111, 074039 (2025)

® = — EZ mtm* is a golden channel to study properties of the Z* excited baryons.

600 G0N I I I I I

% 500 - i K ] Belle has reported a research on this process. They reported:
0 -

% : © > first observation of £(1620)°

G 400 | >

o N O] H . — 0

§ 300 | 3 » 4.00 evidence of the 2(1690)

3 200 F S » An unknown structure in the range 1.8-2.1 GeV/c?,
c - c P

. S ~
:>j 100 E 0 - expected to be due to resonances such as £(1820)°,
o FESREE T £(1950)°, and E(2030)°.
14 16 18 2 22 O B s (1950) (2030)
M(Z*)(GeV/c?) M. . [GeV/c]

® The spin-parities of £(1620)°,2(1950)°, and £(2030)° have not been determined yet.

® PWA is one of the best techniques to study the internal dynamics of three-body decays and the large

statisticof 2 — E-m* ™ in Belle (I11) makes the PWA possible. 17




MC-based PWAof Ef - E m'm™

PRD 111, 074039 (2025)

In this work, we demonstrate the reliability of PWA method for analyzing the Ef — E-n* ™ decay using the

toy MC simulations.

Decay amplitude of £} - E*n*,E* - 7% is constructed
using the covariant tensor formalism, expressed as:

We generate a set of toy MC samples using the properties:

B aP) Resonance Mass (MeV/c?) Width (MeV) JP
M; =uVg z-7+Gyg Vs;-»s*:ﬁ“ 2(1530)° 1531.8 9.1 3+
u(w) Is the spinor for a baryon,V is the effective vertex, G =(1620)¢ 1620.0 320 )
: - 2(1690 1690.0 20.0 1=
IS the propagator of t_he =" resonance. _ Eglgzoio 1823.0 240 .
« The total decay amplitude of £ - E~n*n™ is £(1950)° 1950.0 60.0 -
£(2030)° 2025.0 20.0 3
M = z CiMi
i Ratio =(1530)°7 Z(1620)° =(1690)° =(1820)” =(1950)° =(2030)° non-resonance
. T | i . . . . . =(1530)Y 5.4 0.0 0.0 0.0 0.0 0.1 —0.2
« Use maximum likelihood fit. The joint probability density is =(1620)° 1.3 0.1 00  —01 00 14
N N =(1690)° 0.7 0.0 0.0 0.0 1.1
FaRiaIN T IR w(x;) =(1820)° 28  —0.6 0.0 0.1
i (X [ w(x)d® =(1950)° 9.0 0.0 —0.8
_ _ il (| | PR 2(2030)° 15 0.0
The differential cross section is given by w(x) = |¥; ¢;M;|? Non-resonance 79.3

18
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MC-based PWAof Ef - E m'm™

Best fit results to toy MC sample

(%)

[=}

o
Y
[=}
o

PRD 111, 074039 (2025)

Significances of rejection of alternative J.,, over favored ]}’av

w
o
o

=
(=]
o

Event/10 MeV/c?
s
o

- ok
15 16 1.7 1.8 1.9 20 21 22 23 0.3

M(Z~nt) (GeV/c?)

{
500
o (A

-0.8 -0.4 0.0 0.4 0.8
cosO=-

04 05 06 07 08 09 1.0 11

M(r*nt) (GeV/c?)

Data

Total
Background
2(1530)°
2(1620)°

qooo

Jii
Resonance JEs 5 3 3= 3 3= 3 I- I
=(1530)° %* 10.06 9.0c 2.00 e 5.80 6.60 e e
2(1620)° 1- - 3.96 240 24.50 : ..
Z(1690)° %’ . 1.8¢ 2430 2216 . e
=(1820)° 3- 28.06 26.56 S 286 5.80 576
2(1950)° 1- 3.20 23.30 23.80 o o .
2(2030)° %_ XX 6.30 6.06 296 11.60 8.7¢

2(1690)°
2(1820)°
2(1950)°
2(2030)°
non-resonant

different parities.

» Based on the current Belle integrated luminosity, the rejection
significance of J%; over]}’av Is strong for different spins, but weak for

Further data collection is needed to improve the sensitivity of parity determination in

the future, e.g., Belle 11,
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Charm
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Charm production at Belle Il

 AtBelle Il, 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.
« Two ways to produce charm samples: 1) ete™ — cc, and 2) B —» charm decays.

23 P —r—————— o n s e e S : 1.e+e-éccbar
ete” —  Cross section [nb] J e C

S l\ Y(45) 1.05 4 0.10 ]

CRIa —3 B
N o ! Wi 1.61
g ! * dd 0.40
e o vt~ (v) 0.919

15¢ } ! pt () 1.148

'8 L ete= (v) 300 + 3 —
it ' . e C
T 10+ j' ". 'a.‘ BB threshold " Z.B‘decav
0 [ f . : ' s /

% . ! . B C X
L 5t + ‘~+ ‘ “ ¢ w.’ “‘ b - C
D ~ ¢ T !

Y(1S)  Y0S)  Y(GS) v) Sl
0 PR EPEPE S BT U SR A SR AT P ?
044 946 10001002 103 1037 105 1058 108 \j\

Mass (Gech) 21
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CPVin D> it
o D'ontn:
o the only channel with > 3¢ evidence of CPV in charm.
o The SM generates CPV through interference of a tree-level and suppressed QCD loop
amplitude Al = 1/2 (I = 1sospin) [Pys. Rev.D 85, 114036 (2012)].

o D' oa'n’:

o I=2 and can be reached from the I= 1/2 initial state only via a Al = 3/2 transition.
o  Therefore, any observation will confirm New Physics.
e D’—na'n:
o Can have I=0 or [=2 and hence can have nonzero direct CP asymmetries in SM.
o  Isospin sum rule:

- 0.0 0
R acp(mtn™) x acp(m'7Y) x acp(mtaV)
) sl D0, Boo _ 2 Bio ] = 202 By 2Die _ 37p+ ( Bao + By
By- \Tpo 3 Tp+ Boo \ Tpo 37Tp+ 2 Byo \Tpo Tp0
O a7 0, R=0: CP violation from the Al= 3/2 amplitude (New Physics!!)
R =(0.93 +£3.1) X 107, uncertainty is dominated by the n°n’ mode HFLAV

22



CP asymmetry in Dt - n*r?® PRD 112, L031101 (2025)
r(D*-n*tn®)-r(p-->n"n°
r(p*-n*n®)+rdD-n"no)

® The physics variable that we are interested is A¢cp (Dt - nn?) =

__ N(D*->rta®)-N(D~->rn"n?)
N(D*->n*tn®)+N(D~->n~n?)

® But the variable easily accessed inexp is ArZ, =

® ATT, isrelated by AFE = ATa, —|(Ap.oq + AT)— nNuisance asymmetries

Afm ;- forward-backward asymmetric production in e*e™ collisions of charm hadrons, due to l
y* — Z interference and higher-order QED effects, is an odd function of cosOy(DF).
+ + + 770
AT : detection asymmetry of the low-momentum tagging pions. use D" - K g as a control

mode to estimate this

Control mode Dt —» 7r+K§) (Br = (1.562 £ 0.031) %, Cabibbo-favored)
1 -
— A" A™Es 4 4 A'{iﬁ’s - AKS N Ag’od + A7
CP T raw raw Kg > L
l . ~ —04 %
| Agq: 1, CP-violation in the K%-K%system.
Slgnal mode ! 2, different nuclear-interaction cross-sections for K° and K° mesons with detector. 23



Signal mode

CP asymmetry in Dt -» ntn’

Tagged Null-tag
«10% Tagged decays x10° Null-tag decays Yield 5 1 30:|: 1 1 0 1 85 1 0:|:240

§ L5 Belle IT | L dr = 428 f™! ﬁ. lgita Amw (-2.9i1.8)% (_0'4:&1'0)%

= Signal mode | e bucks

: )| o Comb ks Control mode

%: o3} 2 ' _____ Tagged Null-tag

......... ol | . P e Yield 39630+300 123560500

% ozg e, 0-;' y ', ++ b A (0.54+£0.53)% | (0.33£0.30)%

7 0.2k t } _oak }

) o} R wlz.z} « Using 428 /fb, Belle II obtain: PRD 112, L031101 (2025)

m( 7% [GeV/c?] m(r*m°) [GeV/c?]
5><103 Tagged decays 15)([03 Null-tag decays 1. ACP(D+ - 7r+7I0) - [_39 + 18(.5‘1‘611‘) + O.Z(Syst)] % fOI‘ D*'tagged Sample;
F Belle IT | L dt = 428 fb! i t Data

% 4 Prefiminary ;;g“ _— 2. Acp(DT > 7% = [—1.1 % 1.0(star) = 0.1(sys?)] % for null-tag sample.
= _ ok ackgroun
é M * Combined:
3 s}
T [ Acp(Dt = 7772%) = [-1.8 £ 0.9(stan)=0.1(sys)] %,
& o2k 0  most precise measurement
é; "ol * WA o 1mproved precision compared to Belle’s result:
< . 1 o2 Y . - | (23£1.3x0.2)% [Phys. Rev. D 97, 011101 (2018)]

m(r K% [GeVic] m(n K [GeV/el] 24




CP asymmetry

0.0

in DO - nxn
Signal m

Control mode

PRD 112, 012006 (2025)

RS /o] SR N L L 3 ' S o b B RS ><1Ol T ™3 R 0 T T T T T T T
2 s Belle IT | Lt - 428 f" z BellelT [ Lac= 42807 ] || 300 Beterr [ £ at - 428 o = > Belle I | L dt = 428 fi™
= —4 Data = 1000 4 Data 1112 3 S
. E 300
=+ -t . —_ — —_
i 700 Total fit E, Total fit - 5 250 — Total fit COSO > O ] 5 COSQ < O
g 600 § - g 800 [ A _: 5‘ 200 Il Background _E 5‘ 250 I Background
:; 500 B Combinatorial Back. :E'E 600 Combinatorial Back. . .-S ] .%’ 200
g .. g .. 7 5 .. = g ..
£ a0 Preliminary 5 Preliminary 3 || 5 ' Preliminary 5 150 Preliminary
300 ’ 100 3 100 3 o
200 3
200 50 3
100 s
1.7 1.8 1.9 2 2.1 937 2 2.1 07082 183 184 185 186 1.9 1.91 182 183 1.84 1.85 186 187 1.88 1.89 19 191
m(n°r?) [GeV/c m(°r°) [GeV/c?] m(K ) [GeVic?] m(K 7"} [GeV/e?]
10° 10°
U AILEL AL LA U B I R S B B 4 LR B BLALEL BLELELE LR i g' r é 3 -"""""""_1"' EREEERREREAREE
> 2000 Belle IT [ Idt - 428 fb™ 3 > Belerr [ La- 1280t 3 ||Z 9OF Beterm|La E T 1ol Belell [ Lac- 12810 3
< 3 E < 1 1|2 sf —Dan 3 = r .
N 3 —+ Data = ! —+ Daa . % E  —— Total fit E % ud -
=} E — : 3 S . S T = S gof -
- E Tatal fit 3 = Total fit ] S F [ Background 3 S I Background 4
S 1400 - K = = - K 1118 ¢F = g 1
E E— Combinatorial Back. —E E Combinatorial Back. ~ —] & 50F Prelimi = 8 60 — Prelimi ~
= 3 A E = — ] 3 E reliminar 3 s E reliminar 1
g = Preliminary - g Preliminary 3§ [[Z *F Y 3 T of =
< F 5 < = 3
S 3 — E - S 0E — E S [ .
= Am = MD*+_; M . 20 Am — Mf') - 12\0411)0 Tagged i
3 S8 e wE E C ]
E o — ok . . —
0 A ,////'% 0.142 0.148 0.142 0.144 0.145 0.146 0.147 0148
0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158 0.16 0.152 0.154 0.156 0.158 0.16 Am(Gevic] Am[GeVic]
A m[GeV/] A m[GeV/]

A, (D" —7"7%: (0.30 £ 0.72 + 0.20) %

o 15% less precise than the Belle measurement:
(0.030 £0.64 £0.10) % [Phys. Rev. Lett. 11

11601 (2014)]

R= (1.5 £ 2.5) X 107, 20% improved precision.

The improved precision per luminosity due to Belle II's

better reconstruction " .

0

25




D* tagged D°

Time-integrated CP asymmetry in D° - KYK?
» Proceeds through color- and Cabibbo-suppressed transiti_on {:/(— o> c —|p (ﬂ':
» Involves the interference between ¢ — uss and ¢ — udd amplitudes / \ DTsTgnal
) products
> Expected CP asymmetry of 1% ¢

» World average:

Acp(DO > KOKQ) = (—1.9 + 1.0)%, is limited by statistics, " L
> Belle (980 fb~1) + Belle Il (428 fb~1) data are used Ly ®

[(DO—KOK®)~T(BO—KOK?)
I(DO-KIKQ)+T(DO—KIKQ) -
» Two independent measurements: p \
« D*tagged D° [Phys.Rev.D 111 (2025) 1, 012015]
» Important definition: Sp,;,, (KO) = log[min(L, /oy, L;/07, )] |
« Opposite-side flavor tagged D° [Phys.Rev.D 112 (2025) 1, 012017] K+(§u)% q———C— ' - C '--Ii”(clrf) Sy
e Flavor g = +1 for D°, g = —1 for D° | o
 Dilution factor r = 1 — 2w (w is the mistag probability) Opposite-side flavor tagged D° 26

> Acp(D° - KJKJ) =



https://doi.org/10.1103/PhysRevD.111.012015
https://doi.org/10.1103/8x1h-39dp

Time-integrated CP asymmetry in D° —» KYK? (D* tagged D°)

Phys.Rev.D 111 (2025) 1, 012015

D* tagged DY — 100
« Use D** - D°r* to tag flavor 2 oo BLI fng
« Determine production and detection asymmetries using i | o §
D > K*K~ LI 1 o
KIKO N(D° > KJKJ) — N(D° — KJKJ) z 3 i 2
Araw’ = (DY > KIKY) + N(D° > KIKD) 17 v " s g
= Acp + AP + AZS S i +3_b. it REN
Acp(D® = KOK®) = AN — AICK™ 4 40 (DO P —
- KK) T I T
« Main background: D® - K9 *n~, separated by S, E Cokre ;
« 2D extended UML fit to m(D°n*) and S,,;,, (K9) o — )
- Belle: Acp = (—1.1 £ 1.6(stat.) £ 0.1(syst.))% =
 Bellell: Aqp = (—2.2 H 23 s b 0.1(syst.))% %: * — H : } 4 ;

2.005 2.01 2.015 2.02

 Belle + Belle Il; ACP = (—14‘ i 13(Stat) i Ol(Syst))% [ 7 - 27



https://doi.org/10.1103/PhysRevD.111.012015

Opposite-side flavor tagged D°

« Use information from the other tracks in the event to tag flavor

« Remove all the candidates in used in the D* tagged
measurement

1600F

Candidates per 1 MeV/c?
o0
=

« Background from partially reconstructed DF — K2K9m* (peak _
at lower mass values) g
« 2D extended UML fit to m(K2K9) and gr ’
* Belle: Acp = (2.5 £ 2.7(stat.) + 0.4(syst.) )% :
« Belle Il: Acp = (—0.1 £ 3.0(stat.) + 0.3(syst.) )% :
« Belle + Belle I1: A¢cp = (1.3 + 2.0(stat.) + 0.2(syst.))% i .
» Combined two tag methods: % z:
Acp = (—0.6 + 1.1(stat.) + 0.1(syst.))% 3 oo

The most precise determination to the date.
Agree with results from other experiments.

Time-integrated CP asymmetry in D° - K2K? (Opposite-side flavor tagged D°)

Phys.Rev.D 112 (2025) 1, 012017

S B &
s 8 3

=)
8-

L

SN IR S SRR !

L T B
' Belle Ingeo b

: 4 Data ]

— Fit

| |D°=kkS

— - Background

1.85

19 1.95 2
m(K3K ) [GeV/e]

.‘\;. |

Belle ll I Ldt = 428 " |

¢ Data
— Fit
00Kk
—- Background

I].9I -
m(KSK3) [GeV/e2]

1.95 2

Candidates per 0.01

Candidates per 0.01

800
700
600
500 ! :
ul, + 14y
'~ ard E
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https://doi.org/10.1103/8x1h-39dp

Charm CPV

Search for Charm CPV in following channels:

2025 Published and to be published!

Channel s References
DY > nOn0 (+0.3%0.7+0.2)% PRD 112, 012006 (2025)
Dt - ttm® (—1.8+0.9+0.1)% PRD 112, L031101 (2025)

DY 5> tt n®

(0.3%£0.3+0.1)%

Preliminary result

D? - K{K{

(—0.6+1.1+0.1)%

PRD 111, 012015 (2025),
PRD 112, 012017 (2025)

D*, D! » KIK ntnt

(+3.9+4.5+1.1)%, (—0.242.5+1.1)%

JHEP 04 (2025) 036

Af - AK*, ZOK*

(+2.1%+2.610.1)%, (+2.5+5.4+0.4)%

Sci. Bull. 68 (2023) 583

Af - pK*K~, ptin

(+3.941.740.7)%, (+0.3+1.0£0.2)%

Preliminary result

EF > XtKTK~, 2t

(+3.746.610.6)%, (+9.5+6.8+0.5)%

Preliminary result
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2+ and EQ decays

Reconstruct:

800

ete” - E}/E2 + anything

Belle [ Ldt = 983.0fb~!

Belle 1T [ £dt = 427.9fb!

0 C (a1) ~Dan - "(a2) b ]
™) ™) ’ 1 H T : :TZMHr: orial : E‘ TT::I :“ ori :
. .:.c - An, E¢ = An (smgly Cablbbo-suppressed (SCS)) g i ] g e oo
TOR+ =+ =+ 0.+ = 1 2 ]
[ ) ) <= - - a B
I-lc K ) HC ﬁ pKS’ Hc ﬁ AT[ ) I-IC Z T[ (SCS) % 400: N 1 ; - E
500 5 .ol 0 j 5 F e ) 1
F . F o & F p K ] &
& [ preliminary (a) &soo— preliminary (b) C S ]
Q4005 a 2 0 . . . .
% E % 400 33 3 E.'h-'-Lu—r'——-'-—--\-"-‘rl-—'\—.l-'.‘-r-‘.“.L-ii
=300 EX ol = E - 24 245 Z5 7.55 - EX 245 75 255
@ £ T ©,300 — M(pK?) [GeV/c?] M(pK’) [GeV/c?]
= E = r § )
@ 200~ ?Bop0l
c Belle + Belle Il = 2005 P Belle + Belle Il Belle [ Lt = 983,01 Bolle I1_[ £t = 4279
& o An gw: AT BACY = o (52) =
E A . E A ’3_3“ E e Combinatorial g | ++=+ Combinatorial |
0 | 0 : o T e ]
= = ;‘ F ;‘ F B
n:-, i) ‘ EI:., °or i\" 200 frvass Rl 2T g j —
~338 24 242 044 2.46 2.48 2.5 552 554 256 3% 2.44 2.46 2.48 25 2.52 E E T T L]
[} Q adesadsaskaass ity ¢ b %<
M(An) [GeV/c?] M(An) [GeV/c?] @ a ’
Belle [ Ldt = 983.0 fb—! Belle IT [ £dt = 427.9 fb—? 0 N I -
30 _,_ p - 33 | e |
: — T:::I fit (e) 180 f— —— 'I':::I fit (f) - 245 2.5 2.4 2.45 2.5 2.55
g | —— Total Background !3_3‘ [ —— Total Background M(An') [GeV/e?] MiAn") [GeV/c?]
> - Broken signal - Sy - = L Broken signal o SR -
é 200 [~ preliminary é - preliminary Belle [ £dt = 983.0fb~! Belle Il [ Ldt = 427.9b~!
3 Bl o] s L g [ w0+, ] gl “Eue
% 100 B o : {' b "3 = r Z n Background | = Background
g __ g g 200 f— { e AN (AR ] g o AY—ARTY
i} ] = =
20K s
ol ! - ! 0 ! - : ' i .. ™ A £
4 4 : h :
— 2F -2 w r 1 e R -~ S
N L S i e L LA S | S S i
T 2a 245 25 255 Y 245 25 2.55 Eié’“"‘“""""—"'_"'\""‘"‘*l"é e R L
2.4 245 2.55 2.4 245 25 2.55

M(E°K*) [GeV/c?

M(Z"K*) [GeV/c?

M%) [Gev.'cz]

M(E’n) [GeV/c?]




. EERERE AR GEPRERRE PR RE PR R RERREEE (D) 5B
:

Branching fractions
First or most precise measurements! < PP APPSR PR (D) 57

essential role and cannot be neglected.

[JHEP 08 (2025) 195] [JHEP 03 (2025) 061] model, the pole model (Pole), current algebra (CA), and,
5 SU(3); flavor symmetry.

4 L . L ok  Zou et al. [4] . (2) . (b) ((-:) Zou et.al [12]
—_— Fo[re 3 o - Geng et al. [5] 2 .- .= Geng et.al [13]
—— —— - Geng et.al [14]
—e— —e—i - —e—i L Zhao et al. [6] =3 —— Huang et.al [15] H
i i iz : L Zh tal. [1
L. | . i - L Hsiao et al. (I) [7] . . . Zhong et.al (1) [16] e ’ ol ! a0 et al. [13]
i i S 1 L L1
—e e | —e— | Hsiao et al. (IT) [7] - —— Zhong et.al (11) [16] fo- p—o—— ) i Geng et al. [16]
- . . Xing et.al [17] * ¢ ! Zouetal[7]
T [ T Heemsetal - : . Geng et.al [18] ——— —e—i|| re4 | | Gengeralfsy
—— | - L | Xingetal [9] . 3 . . Liu [19] : g
= e L I+ Hsiao et al. (I) [19
- i N | . L Liw et al. (1) [10] - . - Zhong et.al (1) [20] ol g : siao ef al. (I) [19]
) - * - Zhong et.al (II) [20] ™ [PY i b Hsiao et al. (II) [19]
- L L Liu et al. (II) [10] . | p—— S Zhao et.al [21] o . | " D
i i . |—.—| 1 o t al.
—e—t F 11 - - L Zhong et al. (I) [11] - e - Hsiao et.al (I) [22] ! ong e ol. 1) (20
. .« Hsiao et.al (IT) [22] . - | —e— | Zhong et al. (ID) [20]
—e—ir | e + —— - Zhong et al. (II) [11] :
---------------- -] S - ol # || Geng et al. 21
— E—S L CLEO Collaboration [12] - b Belle and Belle Il H i eng et al. [21]
—— Belle and Belle 11 . . . H " o | ¢ Zhong et al. [22]
.m . \- \ : | """' . | coinf)iiidmiazu.rements X ARRECRRTRUT(S PP ST TRy e i VIRV Y Fo o | Xing et al. (I) [23]
0.0 0.8 1.6 1 2 00 0.1 02 0 1 2 3 0 5 10 15 20 1 2 3 4 :
BES 5 STKO(%) BES - =7)(%) BE — =°K1)(%) B(Z—pK) x 10°  B(zj—An") x 10*  B(Ei—~3"") x 10° o min = F—e— | [ Xinget al (II) [23]
e . ———| [ Belle and Belle II
. (l) f-ll Eli [-) 1-5 6 ;;, . é combined measurements
Next steps: 1. Explore three-body decays; 2. Amplitude analyses to search for s e e ey

new intemediate states and identify J".

arXiv:2510.20882 31



CP asymmetry in EF

—» X*h*h™ and A} > ph™h™

., 400 —
First measurement of A, in SCS three-body charm baryon decays. 3 Pele! I Lmazen Preiminary
Z 300 ata
E — total fit
ACP(X+ _ f+) - F(Xj — f—'_) — F()E—C_ — f__) . %200 A
) DX — fH)+T(Xe — ) S0 1
E =+ +prt -
5 . > X KK
. e
Measured ACP' ; Q40 242 244 246 248 250 252 254
+ + M(zF »EITK*K™) [Gev/c?]
Acp(EF - XTKTK™) = (3.74+6.6 £ 0.6) fi A f 2 05
o |rSt CP Or E 0.0 I i {. f | “:+l||lhl .:|.llm||l { |||.J.||.|{ !Hw ‘
ACP(._rC Z m T ):( :|:68:|:05) B_body SCS g L LU i I r1l|' RIS Vi U LR L L i
Acp (A;l— N pK+ ) — (3 9+1.7+0. 7) <03 22 2m 246 248 250 252 254
1 _ " gooo. Bellell [ Ldt=428fo™ Preliminary
Acp (A} = prtn) = (0.3+£1.0£0.2) 3 | data
z — total fit
U-spin symmetry with 7% precision: A I
Acp(EF - 22t 77) 4+ Acp(AT - pKTK ™) = (13.44+ 7.0+ 0.9)%, %2000 A-é- N pK+K_
Acp(EF 5 XK TK™) + Acp(AT »prtn™) = (4.0+£6.6+£0.7)%, -
9.24 2.26 2,28 230 2.32 2.34
. .. . .. M(A} - pK*K=) [GeV/c?
e Their uncertainties are mainly statistical. 2 01 e B
g 00' l”l“ l | lu|| HIWL_LI R n.hi o { 11 H
_ Rl L
e Future measurements using more data collected by 0w T I In

will be important for CP violation and testing U spin.

arXiv:2509.25765

S Bellell [ Ldt =428 b~ Preliminary
§ | data |
j 100 — total fit
s background
[=}
0
©
T
g =+ +ot - *
8 sl -oXnTh
9% 242 244 246 248 250 252 254
M(zF »>3*n+n~) [Gev/c?]
2 05
2 oof ”l ‘ ||n|||.l||l| lllllll l||H||.
d IR RN | 1 " ||| | T I A
S A T nllr'n‘lllwl I
<0240 242 244 246 248 250 252 254
10000
U Bellell [ Ldt = 428 fp! Preliminary
> 8000 }  data
E — total fit
o 6000y background
17, T MR AR S S bt it e S .
£ 4000
3 + +
° —
€ 2000
5 Al - pn™m
924 226 228 230 232 234
M(AF s pntn™) [GeV/c?]
2 0l
£
S
7y
<03 226 228 2.30 23 234
32
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New hadrons found at Belle(ll)

Z,(10650)*
11.09'1 35 new hadrons found at Belle .b( ) ® Y (10753)
Z,(10610)* @ ®7,(10610)° =
hy(2P) ® ® bb(gq)
10.04 ho(1P) @ ®n,(25) ® b L
® cclqq)
9.0 v ® cccc v
\ 5 \
\ ® g \
— : ® cqqq
SR (4660)
B Zc(4430)* v W bag
ﬁ X(3915) C f.tb(4350)z (435)684350) ® Zc(4200) “a
- A C + C M _
,§~g 4.0 Xa(3872)g @ @X(3940) X(.41(§)) Zc(4050)+  Z¢(3900)" gy (3823) ® X*(3860) @ ccqqq
n.(25)® (2P)
D*(3350)® s =¢(3080)°
. 2¢(2800 = .
3.0 5c(2800)" =c(3080)" Ac(2910)*
ZC(2800)+ :C(2970)
Dy*(2300)® )
2.0 0*-(2012)
T+(1430)
£*-(1430]
1.0 T T T T T T f( T T T T T T T T T T T
2005 2010 2015 2020

Date of arXiv submission

Belle Il has been designed to make precise measurements of weak interaction parameters, study exotic
hadrons, and search for new phenomena beyond the Standard Model of particle physics.
34



First observation of D;O (2317)+ — D§+Y Mass of D5 (2317)" is much lower than the quark

D?,(2317)* DECAY MODES model predictions of the lowest ¢S mesons with J¥ = 0%
D?,(2317)™ modes are charge conjugates of modes below. _

Mode Fraction (I'; / T) chfn;afégz P(MeV/c) * MOdIfylng the CS quark mOdeI

r, it (1003, ) % » ~ * D*Khadronic molecule

T D}~ <5 % a0z 323 v * Compact tetraquarks

s Djeuy’y <% CL=90% ¥« Chiral partners of the ground state D; meson

Ty Di~yy <18 % Cl=95% 323 v . .

. —— e oo g Partial decay widths:

- e T cloon 194~ unique in discriminating between various models

r D'zl not seen 205 v

“The D!,(2317)" - D{n® was first observed by BaBar in 2006 [PRL 90, 242001 (2003)].
The D},(2317)" — D;"y was searched from by CLEO, Belle, and BaBar, but no signals were found.

T g Belle, 87 fb™

o) CLEO, 13.5 fb | el £ PRL 92, 012002 (2004)
ol PRD 68, 032002 (2003); N3 }

‘ o

ol ., Y T - 6 st

5 T50 550 350 o bl PR|23474, ?§200276(2002'7)

* * 2 < ' e ’ -~ ' ’ 0 0.‘2 0.25 0.‘3 0.35 0.4 0. |45
M(DgY)-M(Dg) (MeVic) D: 7 Invariant Moss (GeV/c?) MDs™y)-MOs? 2 35
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First observation of D}((2317)" —» D™y arXiv: 2510.27174
« Target: D5, (2317)" - D;*y B(D:0(2317)+ — D:Jr’)/)
« Control channel: D%;(2317)" - D{n® (Br = (10012,)%) R =

~ B(D*,(2317)* — D{n0)
= [7.14 £ 0.70(stat.) £ 0.23(syst.)]|%

221 A
20

1500

4000 i
= 1000

® csstate

Events / (5 MeV/c?)
®

18
16

Molecular state
*  Exp:7.13 £0.74

Experimental band

14
12
10

Branching Fraction Ratio (R) [%]

% ; )

s |

= 4

E 2

GC) 0 | | 1 | ] | |

‘ %ﬁ%‘"f o Baf%”f?ﬂf Fae%’f‘f; iy sy m,f S mfpe Ment

o (023n°) [zéeV/c22]4 o 7«}?(40 y)se[Gerscz]‘ D;,(2317)" could be the mixture state of pure c$

* Using all Belle data (983 fb'1) and Belle 11 data (427 fb1) state and molecular state. 36



Events / (20.0 MeV/c?)

ete”™ - h"h7J/y (h = m, K, p) via initial-state radiation (ISR) at Belle I

Adavantages of ISR:

* Allows to study energies below E_
 Wide energy range available
 Measure more precisely the line-shapes

ete” » 1t J/P via ISR:

Belle II Preliminary |Ldt=4279fb"

NN
o
I

[y
o
| 1 I T

it

“ S

Belle II Preliminary |Ldt=427.91b"

Disadvantages of ISR:

* The effective integrated luminosity

decreases as the c.m. energy decreases
* The detection efficiency is also smaller

Belle II Preliminary
: : : I -

JPC=1--

s
Initial state radiation

Ldt=4279 fb!

| _

4 45 5

M@ TINy) [GeV/cH]
 We can see the Y(4008) evidence and Y(4230/4.ﬁae¥i)gnal.

5.5

Opom (€€ T TI/Y) (pb)

¢ Belle (a) __

4 Bellell
¥ Belle + Belle |l

e Iy AR
Lty 5
| yp O U

bJ
o
T L —

Events / (20.0 MeV/c?)
T 5 T T |

Pull

hob ©
‘.‘ T T

EJ‘:-III
wn

—+ ISignal
— Total
— Z.(3900)
----Reweighted MC |

max(‘n:] ) [GeV/c ]

* The siinificance of Zli 3900) is 5.30. 37



ete” - KTK7J/{ via ISR:

Gy (ete—K*KIN) (pb)

Events / (40.0 MeV/c?)

Belle 1 Prehmmary

Ldt=4279fb"

%HJHM# ﬁ@

| |1 izzeezs&..e.f
il

)

l ﬁi&éﬂﬁ

PRL 131, 211902 (2023)
8:— ¢ BESIII (2022) ¢ This work — Fit result
[ - Y(4230) -+ Y(4500) - Y(4710)

45 5
s (GeV)

Belle ¥/ Prehmmmy Ldu=427.9 fb!

55

[u—
=)
L

n

n

(b)

18 el Pedepebpestety

B

M(K+K'J/\|f) [GeV/c.z]

Dressed Cross Section (pb)

6 42 a4 a6 a8
/s (GeV)

* No clear sighals were
observed at Belle Il.
e More data are needed.

et e” - pplJ/Y via ISR:
The cross section for ete™ — P_p is estimated to
be < 0(0.1 pb) [arXiv: 2508.08694].

Belle II Preliminary |Ldi=42791"

{‘q\ 6 T 1 r 1 r T T r T T
RS i
> | (o)
o .
N 1
o L
o
=
: I
)
| 5 5.5 6 6.5 7
| M(pply) [GeV/c?]
: Belle II Preliminary |Ldti=42791"
: S\ 3 L L L L
3 L
I g v I Bellen (c)
| -'2_ 2; ¥  90% C.L. upper limits
I S
l T .
I +§ 17 v v v |
| ~ - v v ‘}
g v v v v v Y v Y
: bcg ok b4 4 li I'FI } i LL,I M 4.7.{.;!.
I 5 5.5 6 6.5 7
: (s (GeV) 38
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Discovery of Y(10753)

3 5 , 107531 jer e . Belle: several ~1fb-1 scan points below Y(5S)
§e L f ”1 i « New structure observed in ™~ Y(nS) transitions
%0- . J“-}T *}1[*[]11 {'1} & —

; | JHEP 10, 220|(2019) Y (10860) Y (11020) New structure
ng' BT l " B— M (MeV/c?) 10885.3+1.5722 11000.0732 19 | 10752.7 £ 5.9 107
£ i I (MeV)  36.6+43+09 23.8780 t?;g 35541184
% [ l .{ﬁqﬁiﬁ.}_wi {{ B HHi- ------- L L B S S B ¥

T ﬁf% : ? Chin. Phys. C 44 (2020) 8, 083001

i | 400 - .
g “““““ ( 110175‘3.)11 ““““ ]](éS‘)‘ | ;(‘68) % | _
» T I
82 ‘ ’ H l 2 200 ‘“| _
£ _qHHl & 1| ||| A dip at 10.75 GeV may

) ©
0 ‘{.HI ~ NG/ H ! correspond to Y(10753).
1 R I et AR 'l'a.
05 08 T07 108 q08 i %06 A1c;.;! i _13}; ) *16.9“-“;14” EREETE
E., (GeV) Vs (GeV) 39



Unigue scan data near \/_ 10.75 GeV

3.5/fb 1.6/fb 9.8/fb 4.7/fb

g _ - Belle .,

= T 10- mmm Belle I 8P -
& I~
= | £ .
%) o | ]
= 5 fo - - -
= g . 47 fo~t :
\ 7} . = |
\% } I g 4 3.5 fb1 -
f (=)} B i
/| N \1\ VH\{%\ £ 2} I 1.6 fb~? N
0 EPTIITPIOU SUSITPPPPRRPr TTEE C /} il L | I l | I | I | | | I | | | I L]
[N N SN S TR NN N VU § NNVINEN VTSR I S T T—— 1 1 1860 10.65 10.70 10.75 10.80 10.85
10.5 10.6 10.7 10.8 10.9 41 E.. [GeV]
E,,, (GeV)

 In November 2021, Belle II collected 19 fb-! of unique data at energies
above the Y(4S): four energy scan points around 10.75 GeV.

- Belle II collected the data in the gaps between Belle energy scan points.

« Physics goal: understand the nature of the Y(10753) energy region. 40
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Measurement of Y(10753) —»mt" 1t~ Y(nS) at Belle 11

o~ Belle data, anY(1S)
-4~ Belle Il data, nwY (1S)

" Y(1S) T

4IH\|IIII|IIIWIH

b

D

4.10 # %

°t

& Belle data, 7Y (2S)
-4 Belle Il data, TnY(2S)

Y(2S)mtn-

1

7.50

- Belle data, 7Y (35)

4 Belle Il data, xnY (35)

Y(3S)m ™ ’

AIIH I\I\llllll%\III|HII‘IIH|H\I[IIL[ TTT I TTT R I ITT | TTT ||||| IHWIHI||II||

bl
o

10.6 10.7

Center-of-mass energy [GeV]

R T L
10.8 10.9

JHEP 07 2024, 116

Mass

(10756.6+2.7+0.9) MeV/c?

Width

(29.0+8.8+1.2) MeV

R

Y(10753)
o(1S/2S)

0.46%015

R

Y(10753)
o(3S/25)

0.1013:03

Search for Z; — mtY(1S) with AM™aX = M(mttp

Events per 10.0 MeV/c?

Events per 10.0 MeV/c?

7

8F
9F o
8| Bellell, 9.8 " 2 7| Bellel, 47
7F  mmY(1S) at 10.746 GeV 2 S| ny(1S)at 10.806 GeV
6 e 5r
o
5 T 4
4 2 sl
°F g 2 } '
2 z 1111
i S| i b
. L ——Nl] L 1 - \
0.6 0.8 1 0.6 0.8 1 12
AM™™ [GeV/c? AN [GeV/e?]
16 - o 101
| Bellell, 981" 2 Belle II, 4.7 fb!
12l mEY(2S) at 10.746 GeV 2 8] v (2S)at 10.806 GeV
o
10 | S sl
8 I}
6 ;‘ 4 —
of g | 1]
Lot . A
[ - ——1__" ] 1 ,—I—. L L] J— #':.v— L iLw
0.3 0.4 0.6 0.3 0.4 0.5 06
AMZ® [GeWc?] AM]™ [GeV/c?]

N

u

W) —M(utpo)

Simulated Z;
events
arbitrarily

41



https://dx.doi.org/10.1007/JHEP07(2024)116

Observation of Y(10753) — w)y, PRL 130, 091902 (2023)
Two dimensional unbinnedomaximum likelihood fits to the Channel Vs (GeV) Nsie 6](;:)131 (pb)
M(vY(lS)) and M(rtt 1t~ ) distributions.
- — +13.7 +0.7

4;_ Bell 1.6 15" \’Ee"1(l“7(;16(;:V—_4 WXb1 1070 68.97 3¢ 3.6 ,71+0.4

WXb2 27.67116 2.8%1240.5
—~ i ©Xb1 15.0+68 1.6 @90% C.L.
o . . . o] 10.805
> 05 Belle Il, 9.8 fb" Belle II, 9.8 fb™ 1° WXp2 3 3"'5-3 1.5 @90% C.L.
g sof- e Vs =10.745 GeV| ~* Data ¥$=10.745 GeV | rU-38
= 205 o g 11'10—3:.@:0“(, 1 Theete™ — WXb) (J =1, 2) cross sections peak at Y(10753).
; 105 _:,0 ol -8~ Bolle Il data Belle Il, 1.6, 9.8, and 4.7 fb™" ]
] - ] o f —- Belle data S o)
d=) N S SN VIR £ — Total fit & 182
S 5 Belle 1, 47fb1 Belle I, 4.7 fb™ ] 5 6 --. Solution | ?4 ~
T /s =10.805 GeV Vs = 10.805 GeV %< I .. Solution Il L %é’

- —10 I E

o 4.5¢ ! A EAIA

o % x

0b AU AT - S 1 l : 1 1o T R T Ty T v Bl SRR T ST iy

975 98 985 99 995 0.7 0.8 0.9 (s (GeV)

M(yY(1S)) [GeV/c?] M(r*w ) [GeV/c?] 42
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ete” > wyyrandete” - (M n?),..,. at Belle and Belle I
Xb] non ooXb]

I
o

Events / (10 MeV/c?)

N
o
T —

/s € [10.73, 11.02] GeV

\ Belle
142.5 fb™

! +L WH{

1|d$$+|+*+$+}*. . ++ ++++++$+|+*|A|$$+|

3

M(r+n0) [GeV/c?]

6 0.7 0.8 0.9 1 1.1

arXiv: 2510.25461

Vs ~ 10.75 GeV

+ * Belle Il
= 19.8 fb™’
= 401
SE L
5 i
LU
M*..l+m..|....l....
0.6 0.7 0.8 0.9 1

M(r*mt ) [GeV/c?]

1.1

In addition to w signal candidates, there are some events from non-resonant decays at
Belle.




ete” - wypandete” - (MYt M) pon_wXpy at Belle and Belle Il arXiv: 2510.25461

— ~ Belle data —_ I - Belle data |- - - -=-=-=-= —_I_- T T e <D SN I
@ 6L —+Belle Il data g 10__ - Belle Il data I 0(e c —)XbJ(].P)(D) I
—~ i == Total fit —_ - == Total fit I I
%) ig : : o(ete-—YmS)ntm) |
.T [ .T 5_— | |
o 2 o | | 1.5 at /s G H0. 7GRV 0.15 at /5 ~ 10.867 GeV |
© 03 bl © N i _r : This may indicate the difference in the internal :
07 108 _ 108 11 07 108 _ 108 11 | structures of Y(10753) and Y(10860). |
Is (GeV) \'s (GeV) N . U . A ;
< 6 9 10
£ [ —Belledata —  —Belledata e = = == == == = e e e e e e e = e = e = = = == = -
2 | «Bellelldata I [ =Bellelldata 1 B(Y(10753) — xp1 w)/B(Y(10753) = xpow) |
g~8 4 —Total fit 5—? | —Total fit 1 l [
L e T | |
T e - 1.13+0.38+0.34 !
TS ob o | 1 |
= | = e J
T T oo
*fé - et . ;i ok s | HILU.‘_;{\L  The (T[+T[_T[0)n0n_wxb] excess maybe due
107 108 108 11 © TTfo7  fo8 108 11 the cascade decay of Y(10860,11020) —
ls (GeV) Is (GeV) 7,1 - [PRD 90, 014036 (2014)]
Y(10753) mass | (10756.1+4.3) MeV/c? bTt = XpjPT ' :
Y(10753) width (32.2+18.7) MeV a4
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+ - n-vy,Y(2S) - ttn Y(1S), Y(1S) — £+ €~
cec - nY(ls: ZS) n-ntnnl, Y(2S) - 1,
arXiv: 2509.01917

After requiring Y(2S) signal region, simultaneous fit to M(yy) and M(n* ™ nt?) for each energy point.

6 Bellell, 351" Belle Il, 1.6 15" 6 [ Bellell, 9.8 15" 6 Bellell, 4.7 '
{p:-_‘; at 10.653 GeV {p:-_‘; at10.701 GeV % | at10.746 GeV E at 10.805 GeV
[:}] [:}] B [+] [i]
= = = =
o 47 o o 4 o 4
T3] T3] [T#] [T#]
2 £ o 2 2
¢ 2 g g 2 s 2r
] ] ] ]
0.45 0.5 0.55 0.6 0.65 0.45 0.5 0.55 0.6 0.65  0.45 0.5 0.55 0.6 065 045 0.5 0.55 0.6 0.65
M'(yy) [GeVic'] M'(yy) [GeVic’] M'(yy) [GeVic’] M'{yy) [GeVic’]
6l 6 6
b b o ]
o 4f = o 4f o 4
2 2 o 2.0 2
] 2F ] & 2 & 2f
i} ? i} g [ j\k i
0.45 0.5 0.55 0.6 0.65 0.45 05 0.55 0.6 065  0.45 0.5 0.55 0.6 065 045 0.5 0.55 0.6 0.65
Mz x") [GeV/c"] M(r*nn®) [GeVic] M) [GeVic] M(r' ) (GeVic)

* Combining all of the energy points, the signal yields forn — yyandn - n*n n®are 6.07}Z and 11.5%33.

 The statistical significance is 6.4¢ for e*e~ —» nY(2S) at /s ~ 10.75 GeV.
* No clear signals were observed for ete™ —» nY(1S) at+/s ~ 10.75 GeV. 45



e"e” - nY(2S)

% 4 $1Y(2S) at Belle
v 35 #1Y(2S) at Belle Il (Preliminary)
3F
255
2
15F
1E
0.5E
Y SN N

10.7 T 108

(s [GeV]

arXiv: 2509.01917

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.

The significance of B*B* bound state is larger than 3.2

1.The Born cross section of ete™ — nY(2S) around B*B* mass is relatively large.
2. A rapid increase of ogxg* just above the threshold.

A new bottomonium-like state around B*B* threshold?
The Y, (10650) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647].
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Events / 5 MeV/c?

Events / 5 MeV/c?
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ete” > m'n Y;(1D) (J = 2,3)

Y, 3(1D) = YXb1 b2, Xb1b2 — YY(1S),

Y(1S) — £1€~

14

r — e Belle Il data (Vs = 10.745 GeV) 1 1F1 H 1 S o
12 e No significant Yj(1D) signal is observed. [Belle Il Preliminary]
10 hE . .« & =
of Y10) arounc Inverted triangles: the 90% C.L. upper limits on the product o(e*e™ —

e Othler background _ .
of : 1ttt Y,(1D))B(Y,(1D) - yxp1)) as a function of C.M. energy.

: in the X371 channel |
4t L * Y(10753) Hypothesis Y (5S) Hypothesis
2 —

%_M}:“mrﬁ T T — ‘é 14; v Measured upper limits g 22— ¥  Measured upper limits
0 :7 E r 1 Estimated value at 10.866 GeV :— ; I Estimated value at 10.866 GeV

) :_ ;— 0 o Exlrapo!atedline shape gn 2 E_ Extrapolated line shape
» L E - [ Uncertainty band % 1.8 = [ Uncertainty band

10 1005 101 1045 102 g b 5 16

M) (GeVicd) 7 © T b

14; —e— Belle i data (Vs = 10.745 GeV) % Bj_ % 12 ;_
12 - ?;28) s 1 ;— ‘I‘//\\‘"
10f Y(i0) F 08
sk Oy packground ‘T o %
5t inthe Xy, channel 2~ 3 Y N
4k - 2 M -

b ol P RN 78NSO .t e S OZ,,,IM...l...LLQ_-_-T-%..|...TT'T-—.
2 106 1065 107 1075 108 1085 109 1095 11 10.6 1065 107 1075 108 1085 109 1095 11
of 403 Vs (GeV) Vs (GeV)

of e A pronounced suppression in the coupling of the Y(10753) resonance to
T Ty Ty S R T T T Y](lD) states via dipion transitions.
+mrecoil e . A X
M(m) " (GeV/c?) * The upper limits do not conflict with the Y(10860) line shape.
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(a) 30
[\TJ [ —Data T Yo Belle Il preliminary, 3.5 fb™
% ool —Fitted result -y E;:f:.f;fev
= [ —Background %o
s | 10653GeV
5 L
e L H’ [
§ bl )
975 88 985 99 99 10
M(yY(1S)) [GeV/c?
(e) 60
f‘{; |~ Data I Belle Il preliminary, 9.8 fb'
= [ —Fitted result -~y E:@:;z:aw
% 40 j —Background - Yo mE
e I 10.746 Gg
% 20
: wﬁi%fﬁaqi%
if T
0 . T .

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

W.T. Xiong, S. Jia, C.P. Shen et.al (Belle 11 Collaboration) arXiv:2508.16036

1 1
9.75 9.8 9.85 9.9 9.95 10

(D) 4.
“TJ -~ Data T g Belle Il preliminary, 3.5 b
= 30 —Fitted resuit - X, 15 = 10653 GeV

2 I —Back d 1 e mod

E r — ackgroun xh

o 20p + 10.653 GeV
E 10:

c N

S +

LU of

M(yY(18)) [GeV/c’]

(f) 100

& : ~ Data T X Belle Il preliminary, 9.8 fb”
= | —Fitted result -y, 1% = 10746 Gev

2 | —Background - X mod

> s * 10.746 GeV
5 | o4t

c

5 | 7

| I

0 1 1 | 1
975 9.8 9.85 99 9.95 10

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

Search for the radiative decay of Y(10753)
» The study of the radiative decay of Y(10753) is helpful to understand its nature.

arXiv: 2508.16036
> If Y(10753) is a pure 2D state, the BF for Y(10753) — yxp1 Can reach 12%irro 92,054034(2015), EPIC 78 915(2018)].
> We search fore*e™ — yxp;(J = 0,1,2) using 19.6 fb~* Belle 11 data samples near /s = 10.746 GeV.

Events/ (10 MeV/c?) O,

- = Data

| —Fitted result -~ Yo
r —Background Xpz

T g Belle Il preliminary, 1.6 fb'
Vs = 10.701 GeV
pu* pmode
10.701

| — Fitted result
o Background - %o

Events/ (10 MeV/c?)

- i%ijﬁ i

n

|

“ Xpo Belle Il preliminary, 1.6 fb™
g, G=1ur."70; GeV
10.701 G

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

=

1 PRI B 1 PR
9.85 9.9 9.95 1

MGT(1S) [GeVlcf\I 0 Sl

eV

0

nal found

Events/ (10 MeV/c?)

[ —Data

N " Ko Belle Il preliminary, 4.7 fb"
[ —Fitted result -~y Vs =10.804 GeV
F u* 4 mode
r — Background Yoz
10.805 G¢

Jr

A BN

I —Fitted result --- Xp1

MeV/c?)

| — Background Yoz

Events

L NUEREREREESNE
T o TS SR =<4 SR R UL .5

: | #0.805

T Ko Belle Il preliminary, 4.7 fb”
V= = 10.804 GeV
e* e mode

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

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

GeV
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B decays




Untagged (Inclusive)

Ki
\ e

Efficiency

g2, : mass squared
of the neutrino pair

o

Lyt tracks and clusters
— @ < in the event

Purity, Resolution
<

B.., — hadrons,e.g B —» Dnx

* Tagging: Hadronic + Semileptonic
* Inclusive ROE (Rest of Event) (X 10 - 20 efficiency, but large backgrounds); add some ML/AI (boosted decision

trees or BDTs) to help suppress the large backgrounds. 50
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Inclusive B = X.vv with hadronic tagging Pistigfiart [Eelle I ByClwgpary]
K v 7[ 0
* Probe flavor changing neutral currents (FCNC) in b = svv. K,,} e g o
* The branching fraction for B - X.vv is cleanly predicted tobe k21 V‘;Bsig m A Biag g5
(2.9+0.3)x10-5 in the SM [JHEP 02, 184 (2015)]. K3r\ x y oa D
S
. - . . . K4rn r
Maximum likelihood fit in My, Ogor with 3 x5 bins: 3K | B,,,: full reconstruction in hadronic modes
0.0 < My < 0.6 GeV/c” 0.6 < M’ < 1.0 GeV/c” 1.0 < My *° < 2.0 GeV/c’ 3K Btag_ 30 lusive d d
£ 700F el prfiminary =55 7] Bg,: 30 exclusive decay modes
i 6003_ 4 EILdt=365.4ib" : :;g A [10_5]
C —s§
500+ | . ANAL Mx, [GeV/c®] € Nsig  Central value ULobs ULexp
400 K i K ——*('I:f:n) 0,0.6] 0.29% 6718719 03108409 92 20
- : ‘ nenres 0.6, 1.0] 0.12% 36135:15. 35123150 95 6.6
E - 1.0, M=) 0.07% 24744762 514924129 319 267
- Full range  0.10% 665573 8.8755712C 322 244
100 e
. Fullrange: (B = Xwi) < 3.6 X 1074 (90 % CL)
§11'.%§ W |é| .
g3 g-é ' + P t— ol t Most stringent upper limit on the inclusive rate
E 03

7o 7 i 6 8 10 12 14
bin index 51



BT - u'v,

* SM branching fraction:

2 2
GFmBm,u

2
m
B(B+ — u+1/“) = - ) flz3 |Vub|2TB+,

Belle + Belle Il (1076/fb):

* B(B* - u*v,) = (436 +1.89 £ 1.01) x 1077 (2.350)

Belle & Belle IT Combined pthllllIl ATy fﬂdf 1076fb~1

I Continuum Belle I
Bl Continuum Belle |

Weighted Entries / 0.050 GeV

TTTTT
%

Data — Bkg

025F
ﬁf:}’(?;-
= 0.15F
0.10 }
0.05
0.00 £

Preliminary result

SM predicted: B = (4.18 + 0.44) x 1077,
Belle: B = (5.3 +2.04+0.9) X 1077 (2.80)
(PRD 101 (2020) 032007)

Belle & Belle II Combined prehmmary f £dt=1076fb~!

Jo G (x \].1 s O |h)(1X

/77 10% Quantile ]
Frequentist Upper Limit 4
B<6.25 x1077 @ 90% CL™]

sian PDF

Bayesian Upper Limit
B<7.13 %1077 @ 90% CL™

== Bgy = 4.18 x1077 SﬁEI‘JjZE'
These are the
most stringent

limits to date.

requentist PDF

0.0

B(B* -pn*tv,) x 10’



Observation of the decay B — X.(2455)%, PRD 112, LOS1101 (2025)

O The tree-level two-body baryonic B decays can proceed through W-exchange (W,.y), W-annihilation (W,,), and
internal W-emission (W,,,) diagrams.

c,u ds Gu
X X d,s
y b X
C W, W |
Wan

y b
y ! y __\f )
;,E ; € T
Wex and W,,: helicity suppressed Wem: nonfactorizable amplitude
O The decays B - X.(2455)=, proceed through a pure W,,,, diagram, providing a clean and ideal environment for
studying nonfactorizable effects. b « - ¢ _
s &
O The QCD sum rule predicts B(B — %.(2455)5,)~4 x 1073 w+ q
INPB 345 137 (1990)], while the diquark model <
estimates B(B — X.(2455)=.)to be 30%-70% of B(B -

A.E.)~1073 [ZPC 51 445 (1991)]. %.(2455)

L0

q -

2.(2455): a sextet of flavor-symmetric states =,.: an antitriplet of flavor-antisymmetric states 53




FUDAN UNIVERSITY

Observation of the decay B — X.(2455)5,

O We report the first observation of the decays B* — X.(2455)** 5,

PRD 112, L051101 (2025)

and B° — ¥.(2455)°50, using the 772 x

10° and 387 x 10° Y(4S) events collected by Belle and Belle 11, respectlvely.
O We perform a 2D fit to the unbinned M (Afw®) and AE distributions, simultaneously using four data sets: events

from the signal and sideband regions of M (£.°).

F -e- Data i
% r (a) = Total Fit > 30+
> 20+ — Signa o I
[} = L
= | Total BKG o I
+ ~« [ I nons =, BKG — L
R o 20
g | o
o 101 2
c B = (] 10
q>) 1_ &) LE [
0 Lo L L . . 0
2.44 2.45 2.46 2.47 2.48 .
M(Alr+) [GeV/c? AE [MeV]
20 - Data
% L (C) = Total Fit %
© 15[ — Signal =
0 = 7| + Total BKG o
B (qV] M\l nonE -
5 100 g
a 0]
8 =
c L )
2 5S¢ T @
W
0 1 " Al = d

2.44 2.45 2.46 2.47 2. 48 .
M(A!T) [GeV/c?] AE [MeV]

B(Bt - X.(2455)T150)

= (5.74 + 1.11 + 0.42%%227) x 1074
B(B° - X.(2455)°5Y

= (4.83+1.12+0.371)72) x 10~*

> B(B » X.(2455)%,) are larger than those of Bt — X.(2455)%

and B® - X.(2455) p:
Similar size of CKM matrix elements:
Vbc * Vcs"’Vbc *Vud
Smaller phase-space

[Int. J. Mod. Phys. A 21(2006) 4209]

» One possible mechanism is that hard gluons are not necessarily

required for double-charm decays. 54
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tau decays
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T phySICS > T mass and lifetime, lepton flavor violation,

SuperKEKB as a T factory CKM unitarity, CP violation, ...
« ete™ collider produce T lepton pairs at high rate

T decay modes
U *vv

® The heaviest known lepton (heavier than

e T
m=v e* v proton)
: St 17.8% ® Very short lifetime (<300 fs)
® Decays mostly into one (1-prong) or
. . \@m others  three (3-prong) charged particles
° " 3n*n°v ¢ Can decay to lighter leptons but also

m*nlv
3m*v hadrons (>200 channels)
5 + 0
o(ete™ — BB)=1.05nb m=2my

o(ete” — 7777 )=10.92nb

| Advantages at Belle II:
' v High luminosity
: v' Good vertexing and tracking capabilities

:_\/ Good trigger system and particle ID 56
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Tau topologies and signatures

® Tau leptons in e*e™ collisions are mostly
produced in pairs, back to back, in center-of-
mass system.

® At Belle Il we mainly study 1 x 1 and 3 x 1-prong
topologies.

® Separation into two hemispheres defined by the
plane perpendicular to the thrust axis A, ¢s;-

AZSy
g
i

® Use one tau to tag the event and reconstruct other- n
. . ;i process A
Slgnal in the other hemlsphere (tag) / Use different topologies: / W oY
® Even using new method: untagged o et (1x3) vs axty -~'.'f{‘”‘“ .
Signal Side g + AN -
- 7 . e* Define best topologies for e 5 e
f ¢ e each analysis, e.g., to e
Search T suppress background T e
I o process e, "‘\.‘
Rest OF (S|g) iy (21 Ipi i ﬁrhrusrl) ’
Event Y T=emaxl| —s =0 1\
U L Nthrust Zi |P1| TR
: Tt Tt
o ¢ 'V *V Aenruse, the best approximation 'V *V
i of the 7 flight direction 57



Precision SM measurements
® Tau properties are know with much worse
precision compared to e and u. (e.g. tau
mass, lifetime, couplings, etc)
® Impact on the precision of SM parameters
(e.g. test of LFU).
« possible indirect hints of NP in
deviations from the SM.

= >
fau
light heavy
stable unstable

well-known not so much

Search for rare and forbidden processes
® |epton Flavour Violating (LFV) tau decays
« very little to no background
® Innovative approaches to set world-
leading limits
« High reconstruction efficiency, MVA
techniques, inclusive tagging
« Direct observation would be
unambiguous sign of NP

Standard Model New Physics
A‘Vﬂ\‘ '
T —%---mmooee —
NP H




Tau lifetime: ongoing
® Measure using proper decay time relation to flight distance and momentum ¢
in lab frame.

Ly =m@\‘ measure

v, Byc @/' these

Decay length in trans. plane

-pron —
S\ L -m),
" de i [Plxy
T
0%, < 1um

® 3 x 1-prong topology (tsig = 3mv, Tag = pV).

Reconstruct 3-prong vertex and estimate p, from decay produces.
® This method is possible exclusively at Belle Il, due to the very high

requirements for vertex detectors.
® 2 x better proper decay time resolution in Belle Il (Preliminary Study).

CPV test in kaon sector: ongoing o+
® Charge asymmetry in © - K;mv, CP violation in the kaon sector. - ™
Tt > n*Kdv) —T(x™ - n7KJvy) AN
tTt -tk + Tt~ = = Kov,) ST
® SM prediction: ASM = (3.6 + 0.1) x 1073 e’ > "'-+-._ < e
® Current most precise result from BaBar: AB2Bar = (—0.36 + 0.23 +£ 0.11) x 1073, Ie;om,c \i gy ‘:waf
2.80 deviation from the SM. tag  p+
® An improved A, measurement is a priority at Belle Il (Stay tuned). 59
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Lepton-flavor violation in T physics

Lepton flavour violation is only allowed by:

e Neutrino oscillations O (10 %°)

far beyond current experimental sensitivities

e New Physics models O(10—8)

e.g. Leptoquarks for 7= — £~ V© deals with R(K*°)

anomalies

[JHEP 09 (2024) 062]

S 7 Belle IT Signal region
5] a | -~ —— 204 region
0.3 /£1f=424f ! e
[ 9’ ] ‘ f) . Sidebands
= { Bl —uuTuT) =6x 107 + Data
I S LR
a " T TEL
A B R TTTT TIPS
4 + - - H
I 0.1 - ——
.-:" ;
" 0.0
70.1 ; -
| ] - 1l
| 024 T,
- ] .
| .
T T T T T T T T T
1.70 1.75 1.80 1.85
" Mj,, [GeV/c?]

[PRD 110, 112003 (2024)]

n
1.0 —— Elliptical SR
I Belle Il (Preliminary) —— 36RSB
T-ek? 2 Rectangular SR
. Data [ cdt = 428 fb~!
0.5 3 KO
3 s
v
"9 00 8
I* b 4
= 05
= -1.0 ”
e 171 18 19 20
I M(eK?) [Gev/c?]

[JHEP 08 (2025) 092]
n
—— Elliptical SR
075/ Belle Il (Preliminary) —— 265RSB I
T uk? EZ2 Rectangular SR -
0.50 0 Data [rdt=428 fb~!
T - uK
025 I'l S I
= i
0.00 . =T
= 1
-0.25 _-E ]
-0.50/ , - - . R T |
075 f” "
160 165 170 175 180 185 100  1.05 I
M(uK?) [Gev/c?]
_— n —_— n _— n

1 I r | | ] | | | | | ] | | | | | ] | | | | | ] | | | | | ] | | | | | ] | | | | | ] | | Tl | | I
2 Belle I Data: [ £dt = 364 fb=? Belle Il Data:[£dt =364 fb )

. & FF 0.4; —— Signal region e Simulated bkg 0.4 —— Signal region e  Simulated bkg UL 0
MR S Sideband 4 Data (@) - Sidepand 4 Data ()| | B™(1 — e(WK; )8
102§ %J i * + + ™ E % 0.0 i ¢ L) 'IE'. q I

E = . O 0.0 g o 'O . Lo o 0 .E o0 i BUL(T SN uuu)
3 I | w i + + ° L<]u --I- . + o E l as
X 1o . 020 e o1, <19x10
101 P » d + - e £ e
! 0.4} i * —0.4} o * I BUL(t™ - An (A7)
u L] M —
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LFV decay T — uy: To be submitted to JHEP

® Using 427.9 fb-! data . A
® Require 2 charged particle with 0 net charge in 1 x 1-prong topology ’
& a0
« Signal side: mulD>0.95 | 1t
. . K+ ,
Tag side: mulD<0.1 pe "
® Cut-based preselection + BDT classifier Lissing SEergy

* Data-driven pre-selection
- Kinematic-based + Event-based selection
- BDT trained using track kinematics and event

The sidebands consist of all data outside the signal region.
Belle II preliminary [ £dt=427.9fb~!

. B cte el
: om. Pr(tag) * Perack(tag) Sidebands data € —’qq_(q u,d;s, c)
shape variables 5t tenclang) = T : .
7(tag) track(tag |p‘r(tag)||ptrack(tag)| L e~ —BB
Belle II preliminary [ £dt =427.9fb~! efe” —sete~
te~ q(q=u,d,s,c >Te” aaron:
s ol - e+,_4>qq_(q .d,s,c) etTe~ — ~ + hadrons
= - e ~+BE Bl cte” —etetHr™
— 10k ete” —»ete~ B B
& ete~ —~ +hadrons te” = ptp
g w B & TET —paTETT Bl ete — Tt
Mo ete” = ptp~ 9
10 : ! ] ete *)’TJ”T ) 1 5 + + T + E Ti _'> Hiw
O = 1. ’ “ +
= 15 it Ll = e E 0 #+ + + + + Data
g (]12 - & '..‘M’ # ‘H* ++r' | 7/-;/ Eféat . 5 DI vz MC stat. unc.
7 d stat. unc.
e 5 0.0 0.2 0.4 0.6 0.8 10
&1 (tag), track(tag) <M—— High discrimination power. GBDT output 61



. . Belle IT preliminary [ £dt=427.9fb!
LFV decay T — uy: To be submitted to JHEP | penpeme £
® Signal efficiency 5.21% y 002} | | = MCrioe
. < 000 | - it region
. Slgnal from 2D ﬁt (Mbc, AE/ﬁ) Lqﬂ U0 S SN M T f{iidr]e; region
e Unbinned extended max. likelihood fit ol
 Signal pdf: sum of two bifurcated Gaussian y O eevre
. Mye = J(Egm 2 — (15.5™ )2,
* Bkg pdf:the sum of the two main background AE/VE = (BS™ — BE) /3
components e'e — 't and p U, o 7 I 3%
« Use sidebands to extrapolate expected bkg yields 2 F—Model 3T
® Fit result 1 1 i 1l
° CO”S'Stent W|th Zero 97 1.'72 1.'74 1.|76 1.'78 1.'8 1./'\841{(;9.\%;{;152] J'J.;)zfo.ms 4):01 70,605 ('J 0.605 o.'01 o,dlsE/SJ;soz
- 1.3 signal, 16.7 background 2 3
9 9 WU D T
® Upper limits computed with CLs technique : .

B(t - uy)®*? < 5.8 x 1078 8
. <
aliTEhdl il o PDG: B(z - py)<4.2 x 10 ~
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® Belle Il provides a unique environment for tau physics studies, providing world’s most precise
measurements, as well as setting world-leading in LFV searches
® Recent highlights from precision SM measurements and forbidden decay
searches:
* Tau mass: [PRD 108, 032006]
* LFU test: [JHEP 2024, 205]
* 7- la: [PRL 130, 181803] + [JHEP 2025, 155]
T upu: [JHEP 2024, 062]
T - e2l:[arXiv:2507.18236]
« T - IKY: [JHEP 2025, 092]
7 - A(A)m: [PRD 110, 112003]
« T - uy:To be submitted to JHEP
« And more to come!
« Tau lifetime, CPV in kaon sector, LFU test and 7 — la search updates 63



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://link.springer.com/article/10.1007/JHEP08(2024)205
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://link.springer.com/article/10.1007/JHEP08(2025)155
https://link.springer.com/article/10.1007/JHEP09(2024)062
https://arxiv.org/abs/2507.18236
https://link.springer.com/article/10.1007/JHEP08(2025)092
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112003
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Future prospects

From https://www.belle2.org/research/luminosity/
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Date
 Until 2026, about 1 ab~! data, comparable to Belle
* Until 2029, about 4 ab~! data. 64


https://www.belle2.org/research/luminosity/

Summary

Belle II and Belle hold a unique data sample. Some interesting measurements
have been already performed

Only ~1% of target luminosity collected so far. Stay tuned for more exciting
results from Belle & Belle 11.

Thanks for your
attention!
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Virtual state & threshold cusp

* Molecular type state -- when interaction is not
strong enough to make a bound state, there would
be a virtual state.

— E <0 (bound??), but in different Riemann sheet

— Appears as threshold cusp instead of usual Breit-Wigner
peak (in the narrow sense).

— However, identification is rather difficult
due to experimental resolution

* Are there really such states?
— Pointing shape is not confirmed yet.

"threshold cusp” IEEYJIRIIFEAUREERENE (threshold) B, FEWNE (AIEEIEIE. =EE, 86E
2F) HINAERTRIRSIRSEZE (cusp) . XMIISRBEFETHRNEERF IS EHFHNOFRIER
7.
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| From the perspective of a cusp at An threshold

» Another possibility is that the peak structure is a cusp at the An threshold enhanced by the A(l 670) pole nearby.

> We fit the efficiency-corrected M(pK ™ )distribution using a non-relativistic (@) ggg_ s S 1 —3so
Flatté function [PLB, 63, 224 (1976), EPJA, 23, 523 (2005)]: 07t { * E { ‘] '} =
06E. * + { Jse0
dN 1 z 0'52_ —l340 TR
d—oclf(m)|2= i @ 04E {“” 1
m m — m¢ + 5 (I + gank) 0.3E- e, Ja20
0-2E- ! o .
. . 0.1 00o  —
* my is a parameter corresponding to the nominal mass of A(1670). 2 ? 14 * : % = et ;300
» T’ is a parameter for the sum of the partial widths of the decay modes (b) 0.5F < | } _:400
other than Amn, and is approximated as a constant. 0.4F- i f } ]
* k 1s the decay momentum in the An channel, and g, k represents the ' } . t 2350
partial decay width of the An channel. o 0‘35_ * ; ; ¢ t TP
. . 0.2 x?/ndf = 1.06 at mg =_
» We fix m¢ when we perform a fit and repeat the fit with various mg : ; g b * 16744 MeV ~ —|300
values. 01 ; i i / ]
ot %36 *1* 865 1. IS; T Ta 250
» We take into account an interference with another S-wave amplitude m, [GeV/c?] ' '
such as a tail of A(1405). We perform a binned least-y? fit with the Figure ;g 4,k and x? from Flatté model (a)

. . dN 012 . . :
combined function, — |f(m) + relel : without and (b) with the interference as a

function of fixed mg . 67



I CP asymmetry in D+ —> 11'+1'[O PRD 112, L031101 (2025)

® A 3.80 CPV in the pionic mode D° - ntm~.

» Unclear if observed CP violation can be described by the SM or not, due to large hadronic uncertainties
PRL 131, 051802 (2023) PRD 108, 036026 (2023) PRD 109, 033011 (2024)

® [sospin-related modes Dt — ™ x° can reduce hadronic uncertainty.
® In addition, Dt - n*#® (I = 2) is expected to have no CPV in SM

» since it does not receive QCD penguin (Al = 1/2) contribution and has suppressed electroweak penguin contribution.

History of A.,(D* - m*n%):

Belle: ACp(D+ > ntr%) = (231 +1.24 +0.23)%

Events / ( 10 MeV/c?)

«10> __ Belle D*-tagged «10° _Belle null-tagged
1
Cldof=091 | (2ld.of. = 1.69

0.8f
0.6F
0.4F

3 So0st  PRD 97, 011101(2018)
0.2~ s

L LIJ .

TS TS TOTE TS O e sk

M, (GeV/c?) M, (GeV/c?)

LHCb: A, (DT - ntn%) = (-1.3+ 0.9+ 0.6)%

S A et

= 3000 F LHCb 1 Daa :

% C 9f6'  — Total ]

S 2500 .

ln _DSt—ﬂtiﬂ:o

o000k, oo A Pure comb.

; o Rea]‘nu Comb- ]

] - _

E;1500 :

Sk 1 JHEP 06, 019 (2021)
SI000F e _
% J

e

T T S
1800 1900 2000 2100 68
m(*n’) [MeV/c?]



I CP asymmetry in D’ > &

OTl'O

PRD 112, 012006 (2025)

> Belle reported Aop(D® - 7°7%) = (—0.03 + 0.64 + 0.10)% using 980 fb~?! datasets.

x10°

Events/(0.2 MeV/c?)

. 0_0 0_0
Signal mode: A/} = A% +

PRL 112, 211601 (2014)

0.145 0.15 0.155 0.16
AM (GeV/c?)

AD” + AJ%; control modes: D*-tagged D° - K~ nt,

o Afmias =|AD (DO — K~7)+ AMD® - K™ 7%) + AK(D® — K~ 7%)

raw

Kruntag __| 4 D° 0 -+
o Afrumias = AD” (DO — K=r)

——

+AXD° - K=

A, (cosOq, <0)+A

»
—

(cosOcy; > 0)

raw

, the [Production Asymmetry

Using A, =

2

(odd function of cosO,,)

0.0
ACP(DO - ]IOJI'O) — A,‘;"[afv _ (Afoz,mg _ArKJr,unmg)

raw raw

untagged D° - K—z*.

1s averaged out.
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I CP asymmetry in Ef > X h*h™ and Af > ph*h™

Preliminary result

® There is a U-spin sum rule equivalent to the one that connects D° —» KK, mr, links the SCS
decays Ef —» Xth*h™ and AY - ph*h™ (h = K, ) [PRD 99,032005(2019)]:

d‘T(A"' - pK"'K ) + Adlr(uc XtntnT) =0
A (A - prntn) + AGE (B > ZYKTKT) =0

® Assuming U-spin symmetry:

ACP(A+ - pK+K_) + ACP(:EI:- — Z+7T+T[ )
Acp(AE » pr*m™) + Acp(ES » ZTKTK™) =

0
0
® Measurement by LHCb [JHEP03(2018)182]:

AAYS = Acp(pK~K*) — Ap% (pr—nt) = (0.300.91 £ 0.61)
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