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SuperKEKB and Belle Il s

* SuperKEKB: upgrade of asymmetric e*e~ collider ¢ Belle II: upgrade of Belle detector at the IP of SuperKEKB.
KEKB with et (e~) beam energy at 4.0 (7.0) GeV.

A multipurpose HEP
Interaction Spectrometer with Th e Be I I e I I Dete Cto r
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Nano-beam design:
Beam squeezing: x20 smaller; Beam current: x2 larger
Target peak luminosity: KEKB x30
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Belle and Belle Il datasets 5B
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Belle (1999 - 2010) Belle Il: RUN-I (2019 - 2022); RUN-II (2024 - now)

Belle Il Online luminosity Exp: 7-37 - All runs
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Most data at or near the Y (4S5) resonance,
and 19.6 fb~! near Y (10753) _3-



Belle 1l Physics 5
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The Belle Il Physics Book [PTEP 2019 (2019) 12, 123C01] 2 : :
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From Belle Il website homepage: 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. -4-
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Belle |l Collaboration

« Beihang: Beihang Univ.(BUAA)
¢ Fudan: Fudan Univ.

« HNU: Henan Normal University

« HUNNU: Hunan Normal University

» IHEP-China: Institute of High Energy Physics(IHEP)
¢ JLU: Jilin University

« LNNU: LiaoNing Normal University(LNNU)

+ NNU: Nanjing Normal University

« Nankai: Nankai University

« SEU: Southeast University

+ Shandong: Shandong University

Belle Il has now grown to 700+ members from 28 countries/regions. - Soochow: Sooahow Universty

« USTC: Univ. of Science and Technology of China(USTC)

Chinese Mainland: 15 institutions, 151 members. T . of Scence and
Taiwan: 2 institutions (NTU, Fu-Jen), 33 members. * Z20: Zhengzhou University -5-




B decays



D
o

B tagging
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* B decays with missing energy (v, 7) final states can be reconstructed by tagging the accompanying B meson.

Hadronic/Semileptonic tagging > Inclusive tagging (ITA)
. r . ~
Kt Efficiency Kt T Inclusive Tag
\ v qgec \ , 2 > O(100%) efficiency
+ _y A 2 5 . qrec L=J S
sy — Gre. : Mass squared ot o @ | Semileptonic Tag [£
of the neutrino pair —X[@S) ——— o O(1%) efficiency S
B_fu_u o E Q.
\ - é W' Hadronic Tag
Other 0(0.1%) efficiency
e tracks and clusters . . Rest of event
- f;;’i, — in the event Purity, Resolution | ‘j{) _ (ROE) - /
.':.fl.}%' < B‘:k‘

v Hadronic/semileptonic tagging: Reconstruct Biag in low multiplicity, high branching fraction decay modes using
Full Event Interpretation (FEI). [Comp. Softw. for Big Science 3 (2019) 6]
* FEI consists of >200 BDTs reconstructing O(10k) decay chains.

v" Inclusive tagging: Reconstruct B4 and assign everything else to the rest-of-event (ROE).
* 100% efficiency tagging efficiency, but large backgrounds; add some ML/AI (boosted decision trees or BDTs) to
help suppress the large backgrounds. -7-



CA=0 — . . . D
e8)  Search for B —» X vv with hadronic tagging [ ¥=
{50 Belle IT

* Probe flavor changing neutral currents (FCNC) in b — svv. RfSt}?f event
_ K n
« Complimentary measurement to the exclusive B = K v searches. 7 ‘V\B " r° - o
* The branching fraction for B — X;vv is cleanly predicted to be K2z y:—/ Sig (43) g ~p®)
(2.9 + 0.3) X 1075 in the SM [JHEP 02, 184 (2015)]. ot X, S
o6 0.0< MZ°°<0.6 GeVIc2'0.6< M;f.m< 1.0 GeV/c2'1.0< M,':°°<2.0 (:'nre\l/c2 3K Btag: fu" reconstruction in hadronic modes
2 = : Belle Il preliminary ==B B, K . .
2 L e I Lat=3esats’ — ;’E:E B 3K7) Bg,: 30 exclusive decay modes
= [arXiv: 2511.10980] [Belle Il: 365 fb™" ¥ (4S) data]
500 -* | ;%??NAL [ 5]
- s | - data B [10~
400 = K K* {LKNTT) 1 on—res.
- f o Mx, [GeV/?] e Nsg Central value ULops ULexp
300 =
: t %[0, 0.6] 026% 10713+18 05123402 25 24
200 E == (0.6, 1.0] 0.12% 37127431 3g+28+32 197 73
100 = (1.0, mg ] 006% 33l 2 78R ciot 844 274
c 1 2 * ) : *Compatible with the hadronically-tagged Belle || B+—K*vv result
ol 1.1 . 4
§§ 8‘§E_‘_4 ' + A 1 ' + — ' - Full range:
? 0y 4 6 8§ 0 12 14 B(B - X,vv) = [8.8783(stat.)¥138(syst.)] x 1075

bin index

MxE€° x O(BDT) B(B - X.vv) < 3.2 x 107* (90% C.L.) -8-
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Search for BT — u™v, with inclusive tagging 5

SM predicted: B(B* — u*v,) = (4.18 + 0.44) x 107’

+ + GFmBmlzl mlzl : 2 2 + + -7
B(BT - u*v,) = o 1-— —| /5 [Vupl“ts  Belle: B(B* - u*v,) = (5.3 +£2.0+0.9) x 1077 (2.80)
B

* The existence of a charged Higgs boson could significantly modify the branching fraction.

 Using combined Belle and Belle Il data (1.1 ab™! Y'(4S) data) + inclusive B tagging. [To be submitted to PRD]
Belle & Belle IT Combined prelumnaryf[.dt 1076 fb~! Bel]-e & Belle II Combined prellmlnal‘y fﬂdt 1076fb~!
r L B T ] T T L L L B R B T T
3 Y N B Rare ; - : 77 10% Quantile .
< B == b-c C 1 requentis er Limit 4
= BF =g tnuumgﬁ H_' 0.20 o : g<q625txiéjgp@9L0/::L
é : ’! Dot nuum Belle : - : ..... G (X|pa, GA)
B 10 R = 0.15F | ; B 2713 X107 @ 0% o]
8 |' . i ﬁ B : == By =4.18 x10~7
: s [preliminary] 4 0.10 i \ | 3
g : - A \ > [preliminary]
0 B S . 7. .
. 0.05F A 7>, moststringentlimits to date
’gl:‘: OETI;ITIII IIIIIIITI‘I-I le.lnlslxl I-I-IIIé OOO:IJI--I"[."|||= |||| 1 // .'.' |||||||||:
@ 3 T i 1 L il i " ] .
-y S L B T B R 0.0 2.5 5.0 7.5 10.0 12.5 15.0
2.2 2.4 2.6 2.8 3.0 3.2

Vup| = (3.9025:3670:39 + 0.03) x 107

B(B+ - ,u+vu) = (4.36 £1.89 £ 1.01) X 107 (2.350)
Consistent with recent excl. and incl. measurements

9.



Observation of B —» X.(2455)%. B
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e Thedecays B —» X,(2455)=, proceed through a purely internal W-emission. [PRD 112 L0O51101 (2025)]
« We report the first observation of Bt - X.(2455)** 57 and B® - X.(2455)° =? decays.
- ) ) . Bt - ¥.(2455)*t £ @Belle + Belle 11 [1.1 ab™! Y (4S) data]
+ :E - @ o ol ® e
w < q 20 — Signal i — Signal
=== Total bkg r =u: Total bkg
B C non-Z, bkg 20:_ 7.60 non-E, bkg

Events per 2 MeV/c?
o
Events per 5 MeV

| }

q
c %.(2455 -
q > q C ( ) 5 B l

B(B* - 5.(2455)"* 57) = (5.81+ 1.01 + 0.37%23) x 10™*  ° 244 245 246 247 24 T0.05. o ~0.05

M(A{r) [GeV/c?] AE [MeV]
B(B® - 5.(2455)° £0) = (5.20 £ 1.08 + 0.3813:7%) x 10~*
(B? > 2(2455)° ) = ( 0'67) B% - x.(2455)° E)@Belle + Belle I1[1.1 ab™! Y (4S) data]
. E 20 —-Da C ---Da
B(B - 2.(2455)%,) are larger than those of L (©) ~Dea > 205 (d) ~Dua
B - X2cp: 2 1sf Tt =T S ot bhg
@ Similar size of CKM matrix elements: 5 1oF nomS. bl g nomeble
Ve * Ves~Vpe * Vg o | + ﬂ10+
c cS c u 2 S I
@ smaller phase-space TS/ ST ETIA R il i-l WL
» One possible mechanism is that hard gluons are not oEEFRE - LTS LA LT TR e
necessarily required for double charm decays. M(Ai) [GeV/c?] AE [MeV]

[Int. J. Mod. Phys. A 21(2006) 4209] -10-
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CP asymmetryin D = ntmr Do

Belle I

Charm CPV effect is very small (10~3 level or smaller); a sensitive probe for New Physics.

2019, charm CPV observation by LHCb: A p(D° > K*K™) — Ap(D® - n*tn™) = (—1.54 + 0.29) X
1073 (5.30). [PRL122, 211803 (2019)] (PRL 131, 091802 (2023)]
2023, a3.80 CPVin D meson observed by LHCb: Aa”r(D0 s> ntr”) =(2.324+0.61) x 1073,

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

o AdlI‘(DO —y T ) N dll‘(DO N 7'CO7TO) Adlr(D—|— s 7t 0)
_1_|_TDO (500_25+0) 1+@(5+ 25’+0) _ 3 7Tp+ (Boo_|_5'+)
B_|__ TDO 3 TpH+ BOO TDO 3 Th+ 2 B-I—O TDO TDO

if R # 0, CPVfrom Al = 1/2 amplitude; if R = 0 and at least one A%}Z’ # 0, CPV from a beyond-SM Al = 3/2 amplitude.
[EPJC 83, 279 (2023); PRD 107, 052008 (2023)]

In SM, no direct CPV is expected in the decay D — ¥t r®. The m*° final state has isospin I = 2 and
cannot be reached from the I = 1/2 initial state viaa AI = 1/2 transition.

The R value is measured to be R = (0.9 + 3.1) X 1073, where the uncertainty is dominated by the

asymmetry of the 7°r° final state. -12-



Acrp(D° - n%1?) 5B
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« The D? decays are required to originate from the flavor- cos6™ > 0 cosf* < 0

; *+ 0+ 1 2
COHSEFVIng D — D T decay. = Belle Il | Ldi =428 fb 5 Belle Il [ Ldr =428
0 0 0 E jzg —4— Data E E 1000 —4— Data -
* Raw asymmetry of the tagged D” — m”m" sample: st 1w ey
T é 500 § T . Combir;atmi'alBack. —; é‘ 600 Cnmbi;amri'alBac]c. B
A;"Taz/\l./ — ACP (DO N T[OT[O) _|_ Aprod _I_ ASS & :Zz h-q 5. Preliminary
200
200
100

Aprod being an odd function of cosf”, i.e. the cosine of the

charmed-meson polar angle in ete™ c.m.s
« A7S: using tagged and untagged D° » K+ samples

* ResultatBellell (428 fb~1):  [PRD 112,012006 (2025)]
Acp(D°-> %% = (0.30+0.72 + 0.20)%

0 0 =
1.7 18 19 2 21 17 18 1.9 2 21

Alc

Asymmetry

o T R pen [rasmm 3 Saef A AN MMM
E 1800 —— Data 3 E —4— Data :
> Consistent with CP symmetry and with Belle (980 fb™1): o - ER S 3 e
(—0.03 + 0.64 + 0.10)%. [PRL112,211601 (2014)] 2 ow ey 3§ F reliminary ]
» 15% less precise than Belle, but with < 50% datasets. ) e : R . u/__
. Using Ou r result’ (LHCb) W A A T[ AY(LHCb) 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158 0.16 0.14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 O.IASZ(Eézs/COi]IG
W.A.Band D Iifetlmes, ) ik :
=(1.54+25)x 1073 1 e e
Z 2 e

20% improved precision | ' -13-



* InSM, the no CPVis expected in Dt — tn® decay.
 Utilizing split sample: Dt from D** — D*r% decay or not.
« DT - K2mt to eliminate common asymmetry sources:

D
Aproq and Az,

0.+
An+n0 _ A7r+7ro . AKS71r
CP - “'raw raw

-0
+ AK
We obtain:
For D** — tagged sample
For null—tag sample
* Combined result:

Acp = (-1.8+ 0.9 + 0.1)%

30% improved precision compared to Belle (921 fb~1):
(+2.31+1.24+0.23)%

[PRD 97, 011101 (2018)]

Candidates per 7 MeV/c?

Asymmetry

Candidates per 14 MeV/c2

Asymmetry

Acp(Dt - )

%x10° Tagged decays

D
o

Belle I

[PRD 97, L031101 (2025)]

3 Null-tag decays

L5F Belle Il | L dr =428 fb™!

Signal
mode

05

e
.....

..
e
p -
e
»

t Data
— Fit
D Phys. backg.
::ﬁ Comb. backg.

0.1F

o dbaad o0t 4

o

0 A ;
: . 1 |OIE b %1 il
1.8 2 22 1.8 2 22
m(m* %) [GeV/c] m(m*7°) [GeV/c2]
5 %10 Tagged decays 15 %10 Null-tag decays

Belle Il [ L dt = 428 fb™

Control

10

— Fit
- Background

$ Data

185
m(m*K?) [GeV/c?]

185 19
m(m*K?) [GeV/e?]

-14-
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Acp(EF > XThTh™,AY - ph*th™) >

Belle IT

* First measurement of A-p in SCS three-body charged baryon decays. [arXiv: 2509.25765]
DX = fH)-T(Xs = f7)

ACP (X+ — f+) — 3 Belle Il [ Ldt = 428 fo? N§150 Belle Il [ Ldt =428 fb~! \ Preliminary
C - -|— v — r_ 2 | data s | data
I‘(XC — f+) —I_ F(XC — f ) ;300 — total fit ;100 — total fit
+ + 5 00l T background R background
+ +\ — + + Xc f T R o
AT'aW(XC - f ) — ACP (XC - f ) + Ap + Ag fgm K + - g 0 T thyl {
5 = - 5 — _ |
; - 2TKTK 5 Er->¥tntn
Control sam ple: Y40 242 2as 246 248 250 252 254 920 222 2w 246 248 250 252 254
— —. _ M(ZF »I*K*K™) [GeVic?] M(ZF =I*ntn~) [GeVic’]
- 2+h+h . A-C*_ — ph+h 2 05 : 2 05 T i |
—_ —_— —_— —_— ¢ + I + | || } |I+‘ ||\}| T i 1 £
A-CI_ - ph+h A-CI- - pn+K , DO - K 7T+7T+7T E 0.0 frFH =Tt T hiis ]A* r”wlpw“m uln}nu‘.lmhl-hql E 0.0 kil rll'ﬂﬂ rw L “ kR b i 'm” m]w} )\l”ull [
< 4

-0. -0.
3.40 2.42 2.44 2.46 2.48 2.50 2.52 2.54 5.40 2.42 2.44 2.46 2.48 2.50 2.52 2.54

* M dAcp:
€asure CP- " Belle Il [ Ldt =428 fb~! Preliminary o Belle Il [ Ldt = 428 fb-1 Preliminary

[=)]
o
o
o

% | data . % 80001 | data
ACP (H+ — 2+K+K ) _ (3 7 + 6 6 + 0 6)% 24000 - tb(;tcall;'toun.d z 6000, E;t:g‘:ound
ACP(::(;I_ - Z+T[+TL' ) = (95 i 68 i 05)% %2000 A+ K+K é 4000/ A+ ) _—
— 5 - - € 2000/ - -
Acp(AY > pK*K™) =(39+1.7+07)%  ° oD ; Fopntm
PBY) 2.26 2.28 2.30 232 2.34 9% 2.26 2.28 2.30 232 2.34

Acp(AF — prrtr™) = (0.3 + 1.0 + 0.2)%

2 01 >
e oodumt b bthaunad b bl by :
. g . 1”1' +HTIH| T IHI”[H |]t]TI|T | m ']IH[ E
¢ Te St U _S pl n S u m ru Ies : < _0%.24 2.26 2.28 2.30 2.32 2.34 < _0'}.24 2.26 2.28 2.30 232 234

ACP(EC+ - Z'+7T+7t‘) +ACP(/1+ - pK+K‘) = (13 4+4+7.0+09)%
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_ _ . [JHEP 03 (2025) 061]
e Using combined Belle and Belle Il data (1.4 ab™ "), many two- Bl [ £dt= 083007 Belle Il [ £dt = 4279

O - I (al) - II)E" ] r I(a2) —— Data m
. — ,—'+ 1-—)- - —TotaI.Fit ) 4 1-—)- : — TutaI.Fit ) :
body hadronic decays of =; and = are measured. S wp o 3w g
b= ] b= i
[arXiv: 2510. 20882] g « . 1 3
500 = r 5 F P — B
& L 8 E ~ O / b § 200 — ~4 O — §
& F §sooE U o *r - ] o
S w0 S [+C A77 (b) r Zc 7 pKS ]
[] F @ 400 ol L L 0
= 300F- 2 [ TTETLLN 5 5E 3 5 EE
o ©,300 o i & 1
= L = - 2.4 2.45 25 2.55 2.4 2.45 25 2.55
0 200 D 00k as M(ng) [GeV/cY] M(pK“S) [GeVicy
c cr
:>j100} Be“e + Be”e “ L%on:— Be“e + Be”e II Belle [ Ldt = 983.0fb~1 Belle I1 [ Ldi = 427.9fb~1
- A = D “(b1) b E w(b2) o ]
0 n I I L 0 i L L L g 400 —Total_Fit ) i — L —_— Tmal_Fit ) i
pé.) ----- Combinatorial ré.) =+=x: Combinatorial
_ 5 _ 5 % Backguround ] % B Eackgﬂround T
3 ok 3 ol g 300 core Egm L (— Ayt _: g - core Egm L (—AyRt
o o ) . ) B i
7%.38 24 242 244 246 248 25 252 254 256 7%.42 244 246 2.48 25 2.52 g 200 3 -‘:'3 L
M(An) [GeV/c?] M(A") [GeV/c?] g g
Lﬁ 100 ~ Lﬁ
[JHEP 08 (2025) 195] S 0
Belle [ Ldt=983.0fb~! Belle IT [ £dt = 427.9fb~? z : Z i
L * 2.4 2.45 2.5 2.55 2.4 2.45 25 2.55
300 . pata [ —— Data M(Ar") [GeV/cd] M(AT") [GeV/c3]
—— Total fit 150 = —— Total fit
[ e 2 f
gf [ el Backaraund (e) T [ — Total Backgrouna (f) Belle [ Ldt = 983.0fb" Belle 11 [ Ldt = 427.9fb~"
= roken signal > L Broken signal . : : T T T
2 200 2 [ 7 (c1) o Data i (c2) e Data 7
—_ - —_— - T = Total Fit T [ = Total Fit ﬁ
o + { o L K] : ----- Combinatorial : K] 100 — ++:=. Combinatorial —|
= [ {, = L = [ Background | = - Background 4
8 - : by 8 3 yeacerul 3 i . Beckround
g 100 g s 1S ]
1| 1| o L 4 o -
i E(-,'}- - EOK+ % 100f.. ‘ %’ 50 1
- o [reees vy B i gLl @ i
U 1 i 1 i i 1 1 0 1 1 1 i i i 1 L|>J : + b + } : L|>J i
4 E 4 ; L l: r ﬁ Z , 7'[ 7 I ELCECTTVELTPETTTTIPERAC 3 pr
5ok 500 _ _°
2F 2F S §E . £ SE .
—4 —4 24 2.45 25 255 24 2.45 25 755 o 1 6_
24 2.45 25 2,55 24 2.45 25 255 MET) [GeV/ed] MET) [GeV/cd]

M(EK") [GeV/c?] M(EK") [GeV/c?]
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First or most precise measurements of branching fractions! .
These measurements serve as experlmental

inputs to constrain and test the quark model,
JHEP 08 (2025) 195 JHEP 03 (2025) 061 the pole model (Pole), current algebra (CA),

e 1 s T[T O[T @ gwaany  and SU3) flavor symmetry.
O s bei | Gengetal [3 o - e Geng et.al [13]
Zhao et al, [f] . L — . - Geng et.al [14]
e L] e I rer | Zhaoetal )
— = i - Huang et.al [15] .
i F —e—t L et - Hsiao et al. (I) [7] ... -. - Zhong et.al (I) [16] arXIV. 251 O - 20882
— —— —e— | Hsiao et al. (II) [7] "* — Zhong et.al (II) IIGI T
Hang e . [ = . i . Xing et.al [17] o ¢ < i L Zhao et al. [15]
—_—— | T - “ ng ‘ . . Geng et.al [18] o f—e— L] : - Geng et al. [16]
—e— + ] + - - Xing et al. [9] e .- Liu [19] : . i
- | - L e | Liwet al (1) [10] - - . Zhong et.al (1) [20] * ¢ | Peveold
- i L Livet al. (I1) [10] . B e Zhong et.al (I1) [20] —— —— Fe4 | L Geng et al.[1§
. L | | Zhao et.al [21] |
—e—t L 11 L - L Zhong et al. (I) [L1] + _._ “ Hsiao et.al (I) [22] e o : b Hsiao et al. (I) [19]
___________ e | B p Zhongetal n [11] . e . L Hsiao et.al (IT) [22] ol o i L Hsiao et al. (II) [19]
[EA — - CLEO Collaboration [12] H L Belle and Belle I1 o " : L Zhong et al. (1) [20]
| L | —— N | | Belle and Belle II i i o combined measurement !
. T \ . T T T , combined measurements L | | Lo bduoll bidiiiiadiol —e — { I—.—‘ F Zhong et al. (IT) [20]
0.0 0.8 1.6 1 2 0.0 0.1 0‘2 LEL Ll il IEENER AR RN Lil NN NE NN 1
B(E! - EYK)(%) BES - EnH)(%) BES - E"KH)(%) e 1 2 3 0 51015 20 1 2 3 4 e . || Geng et al. 21]
BE—pK) x 10°  B(Ei->An") x 10*  B(Ei—>2') x 10° !
o ] ] : - Zhong et al. [22]
Next steps: o i I-OE-I b Xing et al. (I) [23]
] 1 L .
1. Explore three-body decays; — F—e—i | [ Xing et al. (1) 28
I
. . . . . P —— | —> I Belle and Belle 1T
2. Amplitude analyses to search for new intermediate states and identify J©. b= bR b comtined meastrements

B(Z! = An)(x107%) B(Z! = An')(x107%) B(E? = An)(x107%)
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First observation of D;,(2317)" - D™y B

{502

Belle IT

e The D;,(2317)" - D} n® was first observed by Babar in 2003. [PRL 90, 242001 (2003)].

D (2317)" DECAY MODES Mass of D3,(2317)* is much lower than the quark
s0 . . — .
D*,(2317)  modes are charge conjugates of modes below. mOdel prEdICtlonS Of the IOWESt CS mesons Wlth

) Scale Factor/ P +

Mode Fraction (T'; /T) Conf. Level  P(MeV/c) J5 =0
i M (10079, ) % 298 | v P —

> . ) « Modifying the ¢S quark model
| P Dy <5% CL=90% 323 v .

( _ ] * D*K hadronic molecule
Iy D:(2112)" <6 % CL=90% v

-  Compact tetraquarks
I Divyy <18 % Cl=95% 323 v . N
* Chiral partners of the ground states Dg

s Dy (2112) " 70 <11% CL=90% v
I <4 %107 C=90% 194 v Partial decay widths:
ro D 25~ lunique in discriminating between various models

* The D},(2317)* - D%y was searched from by CLEO, Belle, and Babar , but no signals were found.

T o, B35 ot 7 + 2. ]jsele 87
[PRD 68 032002 (2003)] 100 F | | U | 5 [PRL92, 012002 (2004)]
20 ; 0 o L-\ ] : : i,‘_\_'tl M;+HH1 ||l"J_ * 20
| - +\ ET TR IWTl il
100 - + ' Babar, 236 fb_l + A
) L . S T - [PRD 74, 032007 (2006)] .
50 150 250 350 450 R bbb b |
M(D;‘Y)—M(D;) (MeV/CE) : : ~ ' - ' ’ 0 0.2 0.25 0.3 0.35 0.4 0.4

+ — ' o ( a\/ A * - *
D! vy Invariant Mass (GeV/c?) MOEs*n)-MOs) -19-



First observation of D;,(2317)" - D™y B

Belle IT

Using all Belle data (983 fb~!) and Belle Il data (427 fb~1) [arXiv: 2510.27174]

o Target: D;0(2317)+ - D;‘+y O y " B(D;0(2317)+ — D;-I_"V)
+ Control channel: DZ,(2317)* — D¥° [B = (100*,)% =
ontrol channel: D},( )* = Din® [B = ( 20)%0] B(D*,(2317)* — D)

“TJ &G~ 1500 ¥ Belle Data Total Fit
S e _?ellel Elata § ------ Total BKG Combinatorial BKG
—— Total Fit 5 —_—
> > [ o siepand = [7.14 £ 0.70(stat.) £ 0.23(syst.)]|%
o 4000 — Combinatorial BKG S
B D, Sideband
12 | 7 «’Sideband To)
~ ~ 22: A
g 2000 g X 20 ® cSstate
:>j Q 18 Molecular state
L — =
0 0 2 6 *  Exp:7.13 £0.74
_ © —
Ll ] C 1 — -
S e ——— i~ | S — —" ———" né e Experimental band
2k | -
2.2 2.25 2+.3 . 2.35 22.4 S 555 ET 558 R S 12:_
M(D ;") [GeVic] M(D:*y) [GeVic?] S o
© =
L B__ [ ]
C\/‘(-_; & ¢ Bellell Data Total Fit 8’ N ’]’
S s _?e:lel IFII?ata ' F e Total BKG Combinatorial BKG '<E_; =
[H) - Total BKG % 600 — [0 b3 sideband % 4
= ol B e s it ot g
Tp) | ) n° Sideband To) =
i St - | | 1 | | 1 1
~ 5 -~ 0
G, Lot Bay, Fe Fy Ly Ly Exp
..g -09 w"m)’.ﬁqf 5'{5‘7} dee“f?o‘,r aes‘s""s‘.r{_;?} f‘fg‘; QSO”{‘{?; Qso.qa{q‘?j p@#%n{
e f reee 5
» A T iy . n ]
s e e _, D;,(2317)" could be the mixture state
” R — ——
2.2 2.25 2.3 2.35 2.4 = = = o o

M(D:r%) [GeVic? R Er [ of pure ¢S state and molecular state. _20-
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ete” >h™h™J/Y (h = m, K,p) via ISR >

Belle IT

Advantages of initial-state radiation (ISR): Disadvantages of ISR: JPC=1--
e Allows to study energies below E,. ,,,. e The effective integrated luminosity
e Wide energy range available decreases as the c.m. energy decreases
e Measure more precisely the line shapes e The detection efficiency is also smaller

ete” » m*m~] /Y viaISR EIEEIENETNETROER | ..o <2t radiation
—~ Be.ue,H Prehmmayyl , Ld,t _ ‘,12?.? fh-ll — Belle II Preliminary |Ldt=427.9fb" Belle II Preliminary Ldt=4279 fbo!

- ~ - ? Belle _ 2 - — Total
2wl 1 g0l @

- ~ = ¥ Belle + Belle Il > - Re“’e‘gh‘e“ MC -
S . } 33 S :
g B 1s 4 15 5 55 ] +R . | 8 ! |+mlnar
s H ﬁ m'”} Y [preliminary] ] 1 [preliminary] ] z +e yl
E _ 3}/ B ) : ...........
PO aital MEN 4

4 45 5 55 6 i e R e e——
Mm@ l/y) [GeV/c?] W (GeV) £ 4 3 slf

M . (TIY) [GeV/c 2]

* We can see the Y (4008) evidence and Y (4230/4320) signals.
* The significance of Z.(3900) is 5.30. -21-



ete” >h™h™J/Y (h = m, K,p) via ISR
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Gy, (c'e—K*KI/y) (pb)

Events / (40.0 MeV/c?)

ete”™ - KTK~J/y via ISR

Belle II Preliminary ILdt =427.9 b’

* | {l' l PR
' % i l':'lell;aeueu
st ||| :
0‘ ot lh %M%Wﬁlflh lilﬂiiééﬂd
4 45 5 5.5 6
/s (GeV)
(b)
10~ b
m
e 6

M(K*K ) [GeV/c?]

Dressed Cross Section (pb)

[PRL 131, 211902 (2023)]

8:— © BESIII (2022) ¢ This work — Fit result
- Y(4710)

[ -~ Y(4230) -+ Y(4500)

No clear signals were
observed at Belle IlI.
More data are needed.

to bess (0.1 pb) [arXiv: 2508. 08694].

Events / (100.0 MeV/c?)

Oy, (€€ —=pPI/Y) (pb)

ete™ - ppJ /Y via ISR

The cross section for ete™ — P.p is estimated

Belle Il Preliminary |Ldt=4279fb"

=)

(c)

5‘ IS.SI 6IHI6.5HII7
M@ppIy) [GeV/c*]
Belle II Preliminary |Ldt=4279fb"
3 T T
v 1 Belen (c)
2 ; ¥  90% C.L. upper limits —
v _
v
v v v
v vy
l{.:.}r!.l.: f :II.I {:';'rx‘
5.5 6 6.5 7 22



o(Y(2S)n' 1) (pb)

o(Y(3S)r'n) (pb)

6]

) . D
o Discovery of Y (10753) e
elle
I Y(10753) ol =< * Belle: several ~1 fb™! scan points below Y (55)
[ : H <o .
- | H \ zeLE e New structure observed int - Y(nS) (n = 1,2,3)
j \L I 1o/ H i
Z i‘% J{’ﬁ%%% Kl {}/ T (10860) Y (11020) New structure
IS . =N B o5 | () i oS e S .
. T ! 2 +2.2 +4.0 +1.0 +0.7
- [JHEP 14) 220 2D19)] wry(1s) M (MeV/c2) 10885.3+1.5722 11000.0%74Y 10 10752.7i§.9_1_1
TR T TR L o) seetis Rt amstienol | asstio
Y(10753) — :
[ | & [ Possible interpretations:
5.20 \ 7;%% J)} \N\ Conventional bottomonium? Hybrid state? Tetraquark state? ...
& 3%1: ----- QH/A{E In November 2021, Belle Il collected 19.6 fb~1 of scan data at four energy
T ‘F%’ l N points near 10.75 GeV.
T : T[T[_Y(ZS) 22— T T
i N B H_E-Belle aar -
Y(10753) i 5 . Eslle | | E
\ | m ge ;
B 1 o
A £ r -
L £ -
ﬁM fffffff ANYAS —-
: : 1T+1T_Y(3S) E 2? I 1.6Ifb_1 i
105 106 107 los 108 11 1860 : 10.65 2 10.70 1075 - 1080 1085 -23-

E.. (GeV) Ecm [GeV]



ete” - nY(1S,2S5) 5

A relatively large branching fraction of Y (10753) = nY'(nS) would support a 4S-3D interpretation of
Y (10753).

[PRD 104 034036 (2021)]

An enhancement near B*B* can decay into nY (1S, 25) similarly to how 1(4040) observed at D*D* threshold
decays inton/ /Y.

[JHEP 10 (2024) 114]

2 | Bellell, 3.5’ 'L [ Belell 161’ 2 [ Bellell, 9.8 2 | Bellell, 4.7 '

2 6[ at 10.653 GeV c 6 at 10.701 GeV 26 at10. 746 GeV ® 6 at 10.805 GeV }

= = = = [arXiv: 2509.01917]
w4 w4 w4 w 4r

cof cof = c2f _

g g 2 g n -~ vy, Y(2S) > wrY(1S),
L L (| L

045 05 055 06 065 045 05 055 06 065 045 05 055 065 045 05 055 06 065 Y(1S)—> £
M(r*w n®) [GeV/c] M(n*n n®) [GeV/c] M(r ') [G ewc2] M(n*wn®) [GeV/cF] o o

- - - - n-> nnn’, Y(2S) > ¢
2 6} 2 6} 2 6} 2 6}

= = = =

o o o o

o 4 w4 w0 4f o 4F
2 2 2 2

o 2 o 2 ® 2 ® 2

> > > >
L L L L

0.45 0.5 055 06 065 0.45 0.5 055 06 0.65 0.45 0.5 055 06 065

65 0.45 0f5 055 06 065
M'(yy) [GeV/c?] M'(yy) [GeV/c]

After requiring Y (25) signal region, simultaneous fit to M(yy) and M(rt*w~ 1Y) for each energy point
v' The signal yields forn - yy andn » ntn~n% are 6.0*1-f and 11.5133

M'(ry) [GeV/c?] M'(yy) [GeV/c]

v" The signal significance is 6.0 6 foree™ — nY'(2S) at near 10.75 GeV.

v" No clear signals were observed for e¥e™ — nY (1S5) at near 10.75 GeV. -24-



ete” - nY(1S,2S5)

o F
= 4 ©MY(2S) at Belle
©35c -
F #nY(2S) at Belle Il (Preliminary) _
3F i
255 [arXiv: 2509.01917] e
2t ; [JHEP 10 (2024) 114] BB
1.5 y
1=
0.5F
0= 10.7 108
s [GeV]
v The Born cross section of ete™ — nY(1S,2S) around B*B*
mass is relatively large.
v" The hypothesis that these events are associated solely with the

production of the Y (5S5) or Y (10753) resonances is rejected at

the level of 3.60. o _ E.. [GeV]
Rapid increase of og+5+ just above the threshold.

A new bottomonium-like state around B*B* threshold?
The V3, (10650) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647]. _25.
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Search for the radiative decay of Y (10753) (V=

Belle I

* Ifthe Y (10753) is a pure Y'(2D) state, the B for Y (10753) — yxp; can reach 12%. [EPIC 78,915 (2018)]
« Wesearchforete™ — Yxp;(J = 0,1,2) using 19.6 fb~! scan data collected near 10.75 GeV.
[arXiv : 2508.16036]

(a) 30r (b) 40 (c) (d) 30
t{; [ —~Data B AN Belle Il preliminary, 3.5 fb” C‘TJ ; ~Data " Yo Belle Il preliminary, 3.5 b N’J 10 — Data " X Belle Il preliminary, 1.6 f&™ “/J [~ Data = Yo Belle Il preliminary, 1.6 f"
S [ —Fitted result -~y _ 15 = 10.653 GeV = 30~ — Fitted result Xy ¥s = 10.653 GeV 3 " —Fitted result - V= =10.701 GeV = . —Fitted result -y Vs =10.701 GeV
() 20 U w mode [} - e’ e mode 1 - b1 u* W mode D 20 b1 e* e mode
= [ —Background - Xys = 20: — Background " g = - —Background - Yo = | —Background - Yoo
o o B
2 : 2 qof I ! s 10|
= I+ IJ— l VH’\LIL | & [ = - i J» = [ +
P ST PMERUNTIELTE ) I
ofF emesprentiolis oL w | 5l
9%5"'9‘8”‘985"99”9'95""10 975 98 98 99 69 10 ! L S 0 L Y e a—
: : M T 15 G.V/CZ : : ; M Y' 1S G.V/CZ ) 9.75 9.8 9.85 9.9 9.95 10 9.75 9.8 9.85 9.9 9.95 10
(r(1S) [Gevic] Y(1S)) [Gevic M(yY(1S)) [GeVic?] M(Y(1S)) [GeV/c?]
(e) () (2) (h)
60 100 40 60
&J |~ Data " Yo Belle Il preliminary, 9.8 fb™ {; i ~ Data " Yo Belle Il preliminary, 9.8 fb™ t\"; E ~ Data T Ko Belle Il preliminary, 4.7 fb” {; | — Data T o Belle Il preliminary, 4.7 fb"
= [ —Fitted result -y, 15 =10.745 GeV = —Fitted result -y, = =10.746 GeV = 30 —rFittedresult -y s = 10.804 GeV = - —Fitted result -y 15 =10.804 GeV
o 401 1 W mode o F &' e mode r N b1 1t w mode D 40 b1 e' e mode
= | —Background -y, = | —Background -y o = - —Background - Yoz = | —Background -y
e S 501 e 20p =) 0.805 GeV
S 10.746 GeV| < }  10i746Gev. S 't 10.805GeV| T ,f T
+— +— 2] L 2] B
c - + c 2 10 = L
2 2 ++ 2 e 7 ANEERENRNRESNE Ry T
= T r T T T it
R T R B S 0 PR Aot vicls I B r - 0
975 98 985 99 995 10 975 98 98 99 995 10 975 98 985 99 9% 10 075 98 085 '9[9' ~ 995 10

v" No clear signal of e*e™ — yy,; can be seen.
v opom(ete” > yxp,) at 90% C.L. at 10.746 GeV is 0.25pb _26-
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o5 Summary <2

Belle IT

The ete™ B factory provides various opportunities to conduct a wide range of studies in
the flavor physics field.

—Belle and Belle Il are actively producing and analyzing data jointly.

The SuperKEKB accelerator continues to break world records for instantaneous luminosity.
At the end of 2024 during Run 2, it achieved a peak luminosity of 5.1 X 103*cm™%s~!.

Belle IlI: new data + new vertex detectors + new software tools.

Only 2% of target luminosity collected so far. Stay tuned for more exciting results from
Belle II.

Belle 11 0.4 ab—l 1 ab—l 10 ab—l 50 ab-l 250 ab_l
2019-2022 2026 2032 2043

2024 12034

Thanks for your attention! 7.
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Peak luminosity [x10°cm-2s!]

I > ) 4 d 1 L v L v I i X ) ¢ I v > 3 '70

N

Peak luminosity 5
i . W/ QCS Upgrade 3 __ w/lo QCS upgrade / - ]
o [ inLS2 inLS2 ] ..............................................

/ — 60
Integrated luminosity (delivered) / =

[ w/ QCS upgrade ’ _ w/o QCS upgrade ]
in LS2 inLS2 50

Projected by SuperKEKB/Belle 11 g
---------------------------------------------------------------------------------------------------------------------------------------------- —40

:— """"""""""""""""""""""""""""""""""""""""""""""""" / """"" e i = = / ’;— 30

i_ ............................................................... . KN > 4 ................ —lap

...... _ 10

.

Jan2024  Jan2029  Jan2034  Jan 2039

Integrated luminosity (delivered) [ab™']
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Evidence for B* - K*vv Decays

1.0  Belle |l saw the evidence for this B meson

Sl
2555
n(BDT5)
0.92 0.94 0.96 0.98
3000 J

[ i BelleII :
i i [Ldt=(362+42)fb' HEE B*K'vp
2 : ‘ == BB
5 2000 B*B
&S B Continuum
c% | Data
=

1000

decaying to two invisible neutrino +
hadron.

 Phys Rev D.109.112006 (2024)
« Bt>K*vvas[2.3+0.7] x107°

Pull
ot o or O

I | : |

L { I | 3

In bins of Qfec =

| |
-1 4 8 251 4 8 251 4 8 2541 4 8

%+m§‘<—\/§E}2 =(p, +p,)

25
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LFU Test in R(D™): Semi-Leptonic Tag

Method 1: Use semi-leptonic
decays of tag B.

 For signal B, use leptonic

decays of 7.
« PRD 112 (2025), 032010

by Belle I

« Classify signal B to De, Du,

D*e, and D*u by a multi-
class algorithm.

« The signal event and the
normalization event
have the same lepton.

« Belle |l results are
consistent with the SM
within 1.70

Br(B° — D't v)

QDY =

= T G rapm—

Br(B” > D" lv,)
[ Ldt =365
Belle 11 D fﬂdi‘:f%(jf)ﬂ‘; L
U
- B%-D T, Dy 300
. YD T, post-fit
4000 BYp e 700
BO=D"

Z - DT, + B0, MW in D e 600 £
§ 3000 W BU-D" AT, + U= T in DTt e _ g
_: W BB and Continuum Bkg. in D*1 500 =
= BN 8B and Continuum Bkg. in D™ "1 y E
E 2000 /47 Uncertainty -lUUE
= & Data =
g 300 =
= = =

0 signal

normaliz . 100

0 0
1.5

t

0 2 4 6 & 10 12 14 16 18 20
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Belle 11 [ £dt = 365fh !
0.45 LAV
g IR, HFLAV sverage
This work (68.3% CI) Belle 1 | (68.3% CI)
This work (39.3% CI) World
Belle 11 had. tag HFLAV 2024 [25] (68.3% CI)
0.401 2024 [23] (68.3% CI) SM exp. R(X, ;) (68.3% CI)
Belle 1 had. R(X, ¢ SM [2.10] (68.9% C
(68.3% C1) + SM[210] (68.3% OI)
0.354
%
Q B
& (.30

.. e .. -- 7
0.25 B e
N
~.
~.
~.
N
0.20 =
=0
\.
020 025 030 035 040 045 050 055
R(D)

KD 0418 ¢ = (stat) == (vst)

R(D*) = 0.306+0935

+0.016

(stat) Zy'o1s

(syst),
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LFU Test in R(D™): Hadronic Tag

Method 2: Use hadronic decays of tag B.
dr(B - DOV

Belle Il preliminary

& D(*) — — = 0.45 o World average
( ) Q}r(B — D )£_17) — ;2|fen°:;d. tag2024 4 ;,,FLAV 2025
( Belle Il sem.tag 2025 == SM exp. R(Xcz)
2 : 2 2 0.40- == Belle Il had, R(X)
In this study, signal B is categorized to D**,
D*O(DOTCO), D*O(DOV), D+, and DO o3 a%%

2D fit of Eg¢; (residual) and

2
Mrzniss = (pe+e— — PBtag — PD(*) - P{’) - m%v

X
Belle Il Preliminary
+ alle o(D* ﬁ\
= & D* 0.25 B;;!:,,‘,(I);i‘ QZTKI £ "~ Hadronic Tagged Resuit
8 Mﬁ,iss>1.5 GeV?/ct Phys.Rev.D 110 (2024) 7, 072020 \'\.\
3 0.201 gy
9 '\'\
% 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
° R(D)
2
©
8 R(D*) = 0.242 + 0.019(stat) £ 0.016(syst),
_ i 1.5 ¢ above SM
. R(D) = 0.439 £ 0.055(stat) £ 0.045(syst ) «——"

02040608 1 121416 1.8

Semileptonic Tagged Result
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CPV in charm i

® Unlike in Beauty sector, Charm sector has rather small CPV 1n standard model:

1. GIM mechanism

2. small size of |V p|
3. dominance of tree-level (lack of interference)

— CP violation ~10~

® Dominance of matter in the Universe indicates Charge-Parity (CP) Violation. KM 1is not sufficient.

There should be additional source of CPV.

® Observation of “sizable” CPV in charm could be a hint to physics beyond standard model.
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