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https://indico.ihep.ac.cn/event/26398/

Outline

* Luminosity
e Recent B results

e Recent charm results

* Recent gg and exotic
e Recent tau and dark sector

* Summary

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment 2



D

Luminosity o

In Dec. 2024, SuperKEKB achieved WR: 5. 1x103* cm %<1 -
Belle Il Online luminosity Exp: 7-35 - All runs
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“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.” -- from Belle 1l website homepage [link].
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https://www.belle2.org/

D

Physics & Publications £

Belle Il Journal Publications per Year
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igg of . i i Direct CPV, isospin sum rules +
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Heavy tau neutrinos ’90 d\ceoﬂ‘ 0- - .
a0ed ”eq, > ) 2020 2021 2022 2023 2024 2025
LPs (Long-Lived pal /- ; s & -K* gamma and radiative penguins, 8-->K(*) nu nubar
= — o a 8.
Magnetic MO o@’a Tau mass Jife o 8.
£ et & ~4" LY e i 14
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The Belle Il Physics Book [PTEP 2019 (2019) 12, 123C01]
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* Luminosity
B CPV

e Recent B results B rare/forbidden
B (semi-)leptonic

e Recent charm results
* Recent gg and exotic
e Recent tau and dark sector

* Summary

Longke LI (%), HNNU

(p:n)

(0,0) (~ (0.1)

— 7
B D
: - 2001 Combined
T
2" =+ |[31mBB
-8 4 0 4 8
At (ps)
0 0
B® - J/Y Kg

Belle+BABAR final result:

S =sin2¢; = 0.677 £0.020 oo oo

LHCb (PRL 132, 021801 (2024)): dominated by
§S=0.722+0.014 + 0.007 LHCb.
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https://inspirehep.net/literature/2698798

D

Sin 2¢1: BO — ]/II) TCO by = arg(— VgV /VegVy,) PRD111(2025)012011 paiig

Belle IT

S = —sin2¢4, C = 0 if there is only tree amplitude
Tree is color and CKM suppressed Tree

- can be used to understand the loop contribution in B® - J/WK?

b

* Improved sensitivity by the better 7° selection and GflaT B’ { P W

* AE — m(ll) fit to extract signal e

> R Belle II (prelimin: t Data "

S 100} [rqe =364 bt e W of -+ Belle II (proliminm‘y)If\\ $ B (g=+1)

= 80 - B /l\ < I Ldt =364 fh! / \ 50 _

=L S e SN e mee | § = —0,88 4+ 0.17 + 0.03

% 10 R

o C =0.13+0.12 + 0.03

S N N ® O _
S B =(2.02+0.1240.10) x 107>

< I e

RS elle IT (preliminary) Data @) ok TG R @3 L & o P iy , ; .

= | e ~n . Most precise,

E_ 100 : ;;” " %

: g _ e first observation of non-zero S parameter

SRRV T S S S E— (mixing-induced CPV) in this mode
 m(ete) [GeV/eY ) At [ps]

(AE = Ep — Epeam)
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https://inspirehep.net/literature/2839374

D

¢2: BO N p+p— ¢, = arg(— VigVin /VuaVep) PRD 111 (2025) 092001 %’5,91?

* B% > p*p~: much smaller loop contribution = dominates ¢, precision

0, . .
* two m"’s reconstruction needed = a channel suitable for Belle Il : :
» Extract ¢, using this new result
=== Long. signal --== Self-crossfeed BB R TT { Data
-==- Trans. signal ===+ Peaking backgrounds a —— Total 1 o Belle II (Preliminary) B—pp (WA + Belle IT)
B . ] [ P, ] 100 E - ] “} . [92 6—1—4.5 o
[Belle IT preliminary g0 (4= +1) 50 [Belle IT preliminary 3 (- 1) | [Belle I preliminary o o g | [ g = 048
80 |, - = I~ r 5, 0 - e . L
. Z/ﬂdt=364ﬂ)l ().87o<r<1.(): ) :/cdt=364fb | 0.875<r<10 ; 80 :_/Ldt=364fb : ¢ Biag ] - _
Q, E 2, B E & - ] I
S 60 o s 60 i
~ ~ Sy K 0.6 |- ]
2 10 g af 2
g | Z g 20 “ oal ]
20 L% T T Nl B8.370 . e f
[ 0F [ |
0 = - I _
3k E £ o3 21 -
: oy mm— : Y o o N A BA%.... o]
_3:___ _: s %_03 3 0.0 PRANETT SRR REURTTI IR S S | i | !
I PSR BN M AT W SN B PR P S R < 5 A PR N B e I 0 20 40 60 80 100 120 140 160
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 hal°]
At [psl At [psl] At [psl B Id
— PP WOorid average
4.5
— = (91.5% °
B(10-°) f1 S C ¢, = (91.553)
29 0+Z.3 +£3.1 0-921+0.0:Z4 +0.017 o +006
Belle Il 22 -3.0 -0.025 -0.015 0.261+0.19+0.08 —0.02 + 0. 12_0_05 B - pp world average
Belle 283+15+15 0.988 + 0.012 + 0.006 —0.13 + 0.15 + 0.05 0.00 + 0.10 + 0.06 + Belle Il _p*_p_ results 6%'
_ +4.5\o
BABAR ZBIECR NI 5 0.992 + 0.024 *3:93$ —()l7] 2t 0_20i8-82 0.01 +0.15 + 0.06 > ¢, = (92. 6 43
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https://inspirehep.net/literature/2863319

Candidates

Pull

B —» Kvv: first evidence

P )
PRD 109 (2024) 112006 KA

Belle IT

FCNC

Inclusive tag
0.

3000

2000

1000

ot O

(2 N

Penguin:

1.0

n(BDT>)
92 0.94 0.96 0.98
I Belle IT preli:minary 3’50-
P [Ldt=(362+42)fb! EEE B*—K *up
: : = B'B
I B'B-
I Continuum
t Data

-1 4 8 2501 4 8 2541 4 8 2541 4 8 25

4. [GeVZ/ct]
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Box:

T A

Loy

Hadronic tag

125

100

N
ot

Candidates/0.1
g

[N}
ot

Pull
ol o Gl o

IS

A97

SM

+0.037

A\ erag

3+0.4

High accuracy in the SM [pRrD 107, 014511 (2023)]
B(B — Kvv) = (5.6+0.4)x107°

Extensions beyond SM may lead to significant

rate increase.

B(B - Kw) = (2.3 +0.7)x107° (3.50)

o
L

Belle II preliminary
JLdt=362fb~!

1.10

B B —K'uvp

=
[
t

i

——

_O.I_

——

)

—®T—

J

Belle 1T (362 fb!,

combined)

2.3+ 0.7 This analysis, preliminary

Belle IT (362 fb!, hadronic)

1.14+1.1 This ana

Belle II (362 fb!,

lysis, preliminary

inclusive)

2.7+0.7 This analysis, preliminary

Belle II (63 fb!

1.94+1.5 PRL127

, inclusive)
181802

Belle (711 fb!, semileptonic)

1.04£0.6 PRDY6, 091101

Belle (711 fb!, hadronic)

29+1.6 PRDS87, 111103

BaBar (418 fb!,

0.240.8 PRD82, 112002

semileptonic)

BaBar (429 fb'!, hadronic)

1.5+1.3 PRDS87, 112005
1 I 1 1

0.5 0.6 0.7
n(BDTh)

0.8

0.9

OWJ2
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https://inspirehep.net/literature/2725943

D

B — XSVV Search Preliminary result R

Belle I
* Complimentary measurement to the exclusive X , K*(832) non-res :
0.0 < Mx, < 0.6 GeV/c” 0.6 < Mx, <1.0GeV/c" 1.0 < M;(e. <20 G_eV/c
B 91{( E S )VV seq rCh es. g 700 E_ -+- Belle Il prelimina:ry = SE%J
Rest of event T e jememmeat | =
1 = =
K U " & 0 - 5007 == SIGNAL
R 17: B, ~— Y(4S) ﬂ—» B "~ 400F | o
K2x sig g -
e = D( ) 300
K3r\ x 4 /4 y E
S [
K4rn 4 200
3K | B, full reconstruction in hadronic modes 100

3K7) Bg,: 30 exclusive decay modes

0
@, 1.2 H E
- = 11 R
B [107°] E 8%'_‘_4 + +_+_+_+_-_._+_+_ :
Mx, [GeV/c2] € Nsig  Central value ULobs ULexp 0.'90 5 = 5 75 15 T
bin ind
* [0, 0.6] 026% 10%2Y2 05619209 25 24 Full M, range result: in index
0.6, 1.0] 0.12% 37127+3L  38+28+32 191 7.3 B(B = X i) = [11.6+§'g(stat)"'ﬁ'i(syst)] % 10-5

1.0, m BO06% 33t gt tilel gid4 D4
| 5 | B 287115 BB — Xuv) <3.6% 107 (90% CL)

*Compatible with the hadronically-tagged Belle 1l B+—K*vv result
> Main syst. error: MC statistics, background normalization ~Most stringent upper limit on the inclusive rate
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Outline

. . Belle (Il): charm super-factor
* Luminosity ) P y

- l.ete = cch¥
* Recent B results charm CPV e c

e Recent charm results charmed baryon

_ ] charm spectrum - -
* Recent gqg and exotic 2.B-decay
B/, C X.
* Recent tau and dark sector _) W‘$<{
G
* Summary

PS: no A sample
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D

New charm wave: Charm CPV <o

Belle IT

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

* 2019, LHCb: AAcp(D° » KK, mtn™) = (—15.4 £ 2.9)x107* (5.30);
2023, LHCb: AZ(DO —» r*r~) = (2.32 + 0.61)x1073 (3.80)12.

. . . MLHCb, PRL 122, 211803 (2019)
=» to understand this CPV, more results and more precise measurements are desired.

PILHCb, PRL 131, 091802 (2023)
BILHCb, Nature 643 (2025) 8074

 CPV <2025: observed in all open-flavor meson sector, not yet in the baryon sector.
2025, LHCb: Acp(A) » pK mtn™) = (2.45 4 0.46 + 0.10)% (5.20)B..
=» charmed baryon CPV, the last piece for heavy-flavor hadron CPV, yet to be observed.

Acp(D® - KQK): PRD 111, 012015 (2025) + PRD 112, 012017 (2025)

AZp(DT - KQK~mtmt): JHEP 04 (2025) 036

Acp(D® - m°7%): PRD 112, 012006 (2025) 2/3/4-body decay

Acp(DY - ntm%): PRD 112, L031101 (2025) meson/baryon

New charm wave. 0 + — 0 o
* A p(D” - T~ m”): preliminary result

o Acp(AY - ph*h™), Acp(EF - ZThTh™): preliminary result

.
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https://inspirehep.net/literature/1726338
https://inspirehep.net/literature/2692262
https://inspirehep.net/literature/2902819
https://inspirehep.net/literature/2844984
https://inspirehep.net/literature/2914970
https://inspirehep.net/literature/2832416
https://inspirehep.net/literature/2918588
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715
https://inspirehep.net/literature/2931715

Charm CPV: Acp (DO — KgKg) PRD 111, 012015 (2025)

D

BELLE

D
OO

Belle IT

(one golden channel) Ac-p (DO - KSQKSQ) may be enhanced to 1% level with the SM, by the interference

of c - uss and ¢ — dss

amplitudes. [PRD 99, 113001 (2019), PRD 92, 054036 (2015)]

Belle [ Ldt=9801b"

t Data
= Fit
=== D'—-KIK?
= =D’ Ktz

= Non-peaking back.

Candidates per 0.2 MeV/c2

Pull

Asymmetry

2.005 201 2015 2.02
m(D°r*) [GeV/c?)

o Belle: ACP(DO —F KSOKSO) =

1400
Belle Il [ Ldr =428 fb™'
1200 < Y
@ % ¢ Data
B0 = = — Fit
N
E S e KRS \
8 § = =D"-Kr*a- :I '
.'_g g = Non-peaking back. ';' “‘ '
S E / \:
S / Y %
72\
 s-uall 1 .;\k‘y G
\ }
2 = =
% & &
oA
04 2 Z 0. | I *
02 é 2 02p AR L hats 660 .
0 E £ : | : g 0
-02 2 > -0. t
. . 04 < < -04 . . ) | . .
-5 0 5 2005 201 2015 2.02 =S 0 5
SminK9) m(D°x*) [GeV/c?) S_.(K)
(-1.1+1.6+0.1)% Belle Il: Acp(D® — K2K?) = (—2.24+2.3+0.1)%

500

400

300

200

100

Candidates per 0.13

Pull

Asymmetry

o Combined Acp(D° — KIK?) = (—1.4+1.340.1)%: comparable to the world-best result: (—3.1 + 1.3)% PRD 104 (2021) 1031102
o Belle(I1)4+LHCb average: (—2.3+0.9)% vs. CMS: (6.2 + 3.1)%: 2.60 diff. = more precise result desired.

Longke LI (ZE#l), HNNU

EPJC 84 (2024) 1264
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https://inspirehep.net/literature/2788405
https://inspirehep.net/literature/2844984
https://inspirehep.net/literature/1861934

Charm CPV: A p (DO — KgKg) PRD 112, 012017 (2025)

BELLE Belle I

» An independent sample: r [ 5
. : . : + - _ 3 1600¢ Belle f Ldt = 980 b’ g Belle Ldt =980 b §
using opposite-side flavor tagging fore e~ — c¢C < 1400} ‘b P 5 : »
[(Belle I1) PRD 107, 112010 (2023)] = ool a 2
g — Fit O‘g
opposite side (os) same side (ss) 'g 1000 UDO_’K(S)K(; ol
200 — - Background “vHL"‘t.-. o m*‘“"JJ ’
S i P
-~ 600 |-
= 0 <t~ @ — 8 ¢ — DO(cit) =2 - s y
+ ) ; /
K*HGu) signal decay 2 Acp = (+2.5 + By + 04Y06 27 |
0l.J8/5 *“119*"'1"95""5 -lllli'—(;SilLl(‘)“‘)015“f‘1
e such new tagged sample at Belle+Belle II: m(KK?) [GeV/c?] o
Acp(D? - KQK?) = (+1.3+ 2.0 £ 0.2)% - - .
e combining it with that from D**-tagged sample: 3 Betie i [[Lat=428 1" % ::
0 0770\ _ = 600} 8
ACP(D - KS Ks) —_ (_0.6 i 1.1 i 0.1)% 2 :z_ ¢ Data :_g 140
most-precise i — Fit 3 120
3 woF 1 VID" KK toof TTiig . Ly
300F — - Background ] 80 ir ol : LIt ]
> LHCb 2025: Ap = (1.86 + 1.04 + 0.38)% ] ol yoTn
> W b 40{ }j I"dl& Plpfn Hr!'ﬂr;%h K;'Ql ‘J L
Now W.A. A p = (—0.17 £ 0.62 + 0.18)% ) !
cp = ( - - )% —01+30+03)% o |
For details, see Xinchen’s talk at HQL2025 05 o 03 :
qr

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment 13


https://inspirehep.net/literature/2649274
https://inspirehep.net/literature/2914970
https://indico.ihep.ac.cn/event/25725/contributions/198369/
https://indico.ihep.ac.cn/event/25725/contributions/198369/

D

Charm CPV: ACP(DO — 1T TL'O) PRD 112, 012006 (2025) Rasimeg

Belle IT

* The following sum-rule for D2t decays helps determine the source of CPV:

R Adll‘ (DO 7T+7T_) N Adlr ( - 71’O7TO) N Adll‘ (D+ - ’IT+7T0)
_1+m Boo _ 2Bso 1+ o0 (Bi= _ 2Bso 1 — 3T+ Boo+3+—
B+_ TDO 3 TD+ Boo TDO 3 TD+ 2 B+0 DO DO

« ifR#0, CPV from Al=1/2 amplitude; if R=0 & a A% = 0, CPV: from a beyond-SM Al=3/2 amplitude.
e Ap(D° - ™) precision: leading by LHCb; first eV|dence of direct CPV in a specific D decay.

0,0

e Raw asymmetry of the tagged D° — n%r® sample:
Araw = Acp(D° > 7% + AR + A7 specificity

. A€*+: being an odd function of cos 8* i.e. the cosine of the charmed-meson polar angleine™e™ c.m.s
. AZS: using tagged and untagged D° — K~ 't samples

* Time-integrated CP asymmetry:

AC’P(DO N 7!'071'0) _ A/7r07r0 _ A/Km + A’ K,untag where 477 — Al (cos0* < 0) _;_ Af(cos 6* > 0)

f = m'7% Kn; K, untag.
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https://inspirehep.net/literature/2918588

D

. 0 0.0
Charm CPV: Ap(D" » t"m") PRD 112, 012006 (2025) <2

Belle IT

cos 9.* (D*IJ’) >0 s COSQ* (D,*Jr) <0 * Result at Belle Il (428/fb):

= Bellent f La=a2s 15 3 5 et [ L =255

s 800 i _E = —4— Data

% 700 ‘ —_— Ol mﬂ i :é E. —T:(alﬂ(" , 0 0

é :$ LC’o:bi’:::‘l’;rialBack. —E -g lC)ol_l:b::l:orialBack. 7CI:P7T —_ (+O-30 i Ol72 i 0-2 O)%

3 a0 Pr(iliminary—; b Preliminary
300 d 2
e =» only 15% less precise than Belle’s result (6=0.65%)
0

it 8 21
m(x’x°) [GeV/c?) m(x°7”) [GeV/c?)

based on 980/fb data [PRL 112, 211601 (2014)]

LNOMA
Ao
Lbona

z 2 02
:%4‘1 LR PR .%4(?‘ pim +o— +..0
,. | « Usingour result, AFp™ (LHCb), W.A. AZp™,
§ ifg """" BelueltflLd:I:usf'b-* :f ; 25005_ IIII B¢III¢II}LJII=428 f[b“ _f
3 1800 +o {1 5 F —+ou E e a
g Jo0 T B L 3 = o T AY(LHCb), W.A. BR, and D lifetimes
1400 = . 3 ] e Y/ Vi )
g 1200 EA combinatorial Back. 3 g 1500 |- EA combinatorial Back.
3 1000 Preliminary:g 1 10005_ Preliminary_; 3 . .
- 3o ] R = (1.5+ 2.5)%x107° =» 20% improved precision
2°§ ///////'/‘ 8: A/,//%//
5 .144 0.146 0.148 0.15 0.152 0.154 0.12;(:.(;:3/3]16 .14 0.142 0.144 0.146 0.148 0.15 0.152 0.154 OAIASZ(F,(;Z;;)ZA]IG
3 7 4 2 Z
K W More CPV results for charmed mesons:
g 02 B %21 — —
. N D° - m*n~n®, Dy —» K§K™n*n™ (see backup)
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https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/1640639
https://inspirehep.net/literature/2918588

D

C harm C PV: C harm ed baryons Science Bulletin 68 (2023) 583 QB%

direct CPV in AT — AKT, X0K™ a-induced CPV in AT — AKT, 20K+

@ The sources of raw asymmetry of A7 — Ah™: @ Measure a/a for the separate Al /A_ samples.
+ + +
+ N o, Aadd —2AK A—>p7r A K Al P
@ Using (CF) Af — Anrt, X%71% to remove common sources. X103 <103
10° 4: A_C*_ _> AK+ B
_ E AT 35S AKT e signal — +
G 5 Ai—Arx 5 — L
§ A-3KT % N 3)
O 4P e A3 O 4 o [
= TR -t other backgrounds = - r
[To) F R [To) ~ +
s 3F = o 3 e 2fF
= b D ~ - 7> +
A /> 2 Z | ¥
RN GeLLE I i 1~ S .
20.1-5 2{2 2;5 2‘32;52‘4 2.;5 25 20.1-5 2{2 2.‘2-5":: 232:‘352‘4 2.;5 25 0:' P W MW G U S I S L &5 : 0— D5 i @5 P& o ons pa po
M(AY) (GeV/c?) M(&,) (GeV/c?) 1 05 0 05 1 1 05 0 05 1
w2 e e e cosb, cost,
S —E w2 & BN S S =

® A% (Af - AKT) = —0.023 £0.086 + 0.071

@ AUr(At 5 AKT) = (+2.1+2.6+0.1)%
cp (A )= la- )% o A% (Af — X°KT) = +0.08+0.35+0.14

e Adlr p(AL = ZOKY) = (+25+£5.4+04)% First A%, results for SCS decays of charmed baryons.
First .Adlr for SCS two-body decays of charmed baryons. ) ® No evidence 'of CBV.is folind
: y
REFCPV : BelleIERZE, HELETAIBelle IHYE—PNEERIE?

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment 16


https://inspirehep.net/literature/2138841
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https://inspirehep.net/literature/2138841
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D

ACP (A+ — ph+h_, -y - XThth~ ) Preliminary result Sy

Belle IT

t t o o
d LH Cb AAwg = ACP (A+ - pK+K ) Awg (A+ §400 Belle Il [ Ldt = 428 fb~! Preliminary §15° Belle Il [ L dt = 428 fbo™! ‘ Preliminary
5300 | data s | data
prtm™) = (0.30 £ 0.91 + 0.61)% [JHEP 03(2018)182] 2| i I
* Assuming U-spin symmetry § it
+ o e =+ +. -+ 3 z
ACP(AC_)pKK)‘l'ACP(Hc_)ZT[T[) 89 89
ACP ( A-g - p7T+7T_) + ACP (E 2— - Z+ K+ K ) — 40 242 2.4I\2(Eg‘-leZ“"GK“K‘Z)A[sGeV/cngO 252 254 40 242 2'452(:; -tzi4“'6n+n'2).4[86eV/c3i50 252 254
* Control sample: o |
i Eg- g Z+h+h_l A-g - Z+h+h_ 5'0'5’,40 202 244 246 248 250 252 254
i A-g - ph+h_: Az- — pT[+K_, DO - K_T[+T[+T[_ " 6000 Belle I [ Ldt =428 1o Preliminary Y Belle I | Ldt = 428 fb~! Preliminary
E | data . E 8000 | data
§ 4000 - E:Caligﬁrt‘{u”fj sttt o g 6000 — :)Oatcaglrtound
* Belle Il (428/fb) result: . Sl T -
2 2 5000
=+ + gt _ : .
ACP( — E K K ) _ (37 :I: 66 :I: 06)%’ . 9% 2.26 M(/\MSK ) )?632// | 2.32 2.34 9% 2.26 228 230 232 234
¢ 2 pK*K™) [Gevic? M(AF »prn*n~) [Gevic?
Acp(EF = Stata) = (9.5 +£6.8+0.5)%, rtAcfor ., : - R
+ + ’ 3-body SCS é 00 b ; ! i ! bt
ACP(A — pK K ) — (39 :I: 17 :I: 07)%’ <045 226 228 2.30 2.32 234
Acp(AT = prtn™) = (0.3 £ 1.0+ 0.2)%,

e testing U-spin sum rules:  Acp(Ed = ZFntn7)  + Acp(AT = pKTK ™) = (13.4£7.0£0.9)%,

More data desired.
Acp(E] . — XTKTK™) + Acp(Af - prtr™) =( 4.0+£6.6£0.7)%,

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment 17



Outline

. . Belle (Il): charm super-factor
* Luminosity ) P y

- l.ete = cch¥
* Recent B results charm CPV e c

e Recent charm results < charm spectrum

e* c
. R 7 and : charmed baryon ;
ecent qq and exotic = supeswe “sole iz ¢:Brdecay

MRT (EB) BEATS B/, c X.
* Recent tau and dark sector ) W‘9<{
T
\

* Summary

PS: no A sample
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+ x4 L B
D ,,(2317)" - Dy Preliminary result |aimd (S

e Precise nature of D};(2317)" remains unresolved, underscoring the need for new and improved data.

« The width of D;(2317)" is unknown: I'(D.(2317)") < 3.8 MeV @95% CL.

<% 1900 ¢ BelleData  — Total Fit N U :e": t '::_’t"’ | ; Total :r:ts ceround
= [ - Broken Signal  [7] Smooth Background S """ roken Signa smooth Backgroun
600 + *+
> ~_ (a) © . ., (b B(D,(2317)" = D;7y)
E 1000 . o 2 - ,_._ < R: = 714+070+023 0/
Lo S “3- — . LO + + 0 L ] — L ] — ] 0
o 2 o B(D,(2317)* — D19
~~
(2]
"2 500 1 200 22 — A
) ) - . ® c3states
Lﬁ 10 . 1 G E. 20— Theory Method Key:
0 = g - ® TQM: Traditional Quark Model V' Molecular states
S 2 = . __‘ S C LFQM: Light Front QM * Exp:7.13+0.74
o e e — _ — | -
s 232 234 2% 23 23 232 234 236 238 g 16 = HQFS: Heavy Quark Flavor Symmetry W £y oo rimental band
M(Dg*y) [GeVic?] M(Ds"y) [GeVic?] D(:U 14— Eff.Lag.: Effective Lagrangian
g . - - Chiral: Chiral QM
N\ [ —e— Belle Data Ng - —e— Bellell Data -9 12 =
> - Total Fit > - Total Fit - :
0] | e Cross feed (a) ()] b e Cross feed (b) O 10—
= 4000~ g Smooth BKG = 2000 [ Smooth BKG E -
- [ | Dg Sideband L D, Sideband —
19} | ° Sideband @/ | ° Sideband L 8
= o ‘St
2 £ 6=
; s
ki S 4E ' !
: : o 2 + 1 v
52 225 23 235 24 52 225 23 235 24 o a | ’( | = | = | = | ™ | n | S
0 2 0 2 oat ® Lk rol Qs Uk, tz utz Yoo
M(D;rt”) [GeVice] M(D;rt”) [GeVice] rey(TQM) ) Sen (Chiny S/er(E”-Lag) Qrs,) Sor.; (Ohrg) So/5 (Ohig imepg

ZHE (A3 AR (EB) A&
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Charmed baryon decay

BR results of 5 CF and 7 SCS decays of E(C)'+:

B(E2 -
B(E?
B(&?

2979 /B(E2 - £ %) = 0.48 + 0.02 + 0.07
297)/B(E? > E™n*) = 0.11 +£ 0.01 + 0.01
- E%")/B(E? - E-nt) = 0.08 + 0.02 + 0.01
~ pKg)/B(E¢
- Art)/BEF - 2 ntnt) = (1.56 + 0.14 + 0.09)%
- 307" /BEF - E ) = (413 £ 0.26 + 0.22)%

5
B(E} - E ntnt) = (247 4+ 0.16 + 0.07)%
B(Ef
B(Ef
B(Ef - =*KQ)/B(Ef » E~ntnt) = 0.067 + 0.007 £ 0.003
B(Ef - E%z%)/B(E}
B(E} - E°K*)/B(E}
B(&?
B(E?
B(E?

- 2 ntr) = 0.248 + 0.005 + 0.009
- E-n*r) = 0.017 + 0.003 + 0.001
- An®)/B(E2 > E %) <xx% @90% C.L.

- An)/B(E? - E7nt) = (xxx £ 0.91 + 0.16)%

- An")/B(E? - E 1) = (xxx + 0.82 + 0.16)%

Longke LI (%), HNNU

Events/0.4

JHEP 10(2024)045, JHEP 03(2025)061,

Dl D

JHEP 08(2025)195, Preliminary result

OO

BELLE Belle I

- (b]_) —— Data ] 100 — I(b2) —— Data —
5 00l — Total Fit = = L — Total Fit i
(&) A LT TT Combinatorial | L L e Combinatorial
S C Background ] S B Background 7
§ 300 :_ ..... F-2-AY)" _: g Y || EoroAn T
S : S oL |
N 0o ph AT YT T 4 a
%) C %]
c C t 1 c
2 o[ 4 g
@ - . w
. e, ] .
n=:_1 § :,-k- ...... L g R n=:_3 _§ E‘ ST N P .l-__l__..l_..__.l_,._.ll__j.I___J;
- 2.4 2.45 25 2.55 2.4 2.45 25 2.55
M(AT") [GeV/c?] M(Ar") [GeV/c?]
dN —_ — _
x 1+ a(E? = %% a(E° - A7) cos =,
d cos O=o
[ Belle, 980 fb™! [ Belle I, 426 fb™
30000 (2) 15000 () +
L < i
i S 10000/
L B L
20000 2 : ——
(0] E
i o -
10000 |- 5000 -
o : ' L ' | L L | L L L ' | L L L L 0 L L L L L | L L L ' 1 L L L L | L L L '
—1 -0.5 0 0.5 1 —1 -0.5 0 0.5 1
COSeEo COSGEO

Recent results at Belle Il experiment

(B — 2%7%) = —0.90 & 0.15(stat) £ 0.23(syst)
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https://link.springer.com/article/10.1007/JHEP10(2024)045
https://link.springer.com/article/10.1007/JHEP03(2025)061
https://inspirehep.net/literature/2903318

— D
+,0 ++,05—,0
B™Y — X.(2455)7 "V E, PRD 112 (2025) L051101 | g
» These two decays proceed through a m o o) o
purely internal W-emission: S 20 :;?;:L:n > 30 :g,;:;n
b < < c g «« Total !)kg E « Total pkg
§ = c (l‘ 15F non-Z; bkg g 20 non-Z, bkg
wt < q :,‘J' 10: /.30 12
i C c
B S F ~
a g q 7 (2455) YT Y Y "y
M(Aim) [GeV/c?] AE [MeV]
> First searches for these decays:
— 1247 o 20F (c) -»-Data 20F (d) - Data
B(B* - £f*E;) = (5.74 £ 1.11 £ 0.42*3¢7)x10™* % : =Tl E’ : =Tl
= 151 oaa 15| oaa
B(B® — $059) = (4.83 + 1.12 + 0.371075)x10~* =2 | 61;':3‘39 o N
o 10} .20 Q 4oL
Vs. theoretical prediction by g ! + £ "o
_ o L
e the QCD sum rule 11: 4x1073; j;i °F | | i s l <L|-] l
* diquark model 2: 0(107%) e I ane=TEa LG P/ i
244 2.45 2.46 2.47 2.48 -0.05 0 0.05
[1INucl. Phys. B345, 137 (1990).  [21Z. Phys. C 51, 445 (1991) M(AT) [GeV/eT AE [MeV]

Longke LI (%), HNNU
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https://inspirehep.net/literature/2942810

Outline

Goal: understand the nature of Y(10753)

Y(10753) = wyp;:

* Luminosity

. PRL 130, 091902 (2023)
R B | = ot | Y(10753) - n*tn~Y(nS):
o JHEP 07 (2024) 116
ecent B results total 19/fb o Y(10753) = wnp:
| PRD 109, 072013 (2024)
Y(10753) » B®B®:.
e Recent charm results pd bl e 10 02ay1a
: @&
] 1 ]
° Recent qq and eXOtIC }i ' Observed by Belle ]{
& [ [HEP 10, 220 (2019)] } {
g D '
» i E
* Recent tau and dark sector % fo :
J \N| A\
L /}/ ) >\7 /{/ \1\\{ %/{ %\-\, :
0 WOLPRIINS TS U0 il |
° Summary 05 106 107 108 108 A1
E... (GaV)
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e+e_ — (I)Xb] and e+e_ — (T[-I_T[_T[O)non_wXb] Preliminary result

D

O

Belle IT

0(e+e'+xb1co) (pb)

6:_ \/S ~ 10.75 GeV ~+Bele Il data

-=-Belle data

== Total fit

»

10.7 10.8

\s (GeV)

109 1

i

N

G(e+e'exb1(n+n'n°)non_m (pb)

()
1 1

I - Belle data @
. =Belle |l data@

- Total fit

P P ST T T [ TR S T
10.7 10.8

\s (GeV)
R R HERCE (EB) AxXS
Longke LI (%), HNNU

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

Y(10753) mass | (10756.1+4.3) MeV/c?

Y(10753) width (32.2+18.7) MeV

08
s (GeV)

L

10
- -=—-Belle data
- =Belle |l data
| —Total fit
5_
o . .'
—107 108 109 11
\'s (GeV)

Recent results at Belle Il experiment

Both are consistent with results from
ete™ - wrnm~Y(nS) [IHEP 07, 116 (2024)]

0(e+e'—>XbJ(lP)w)
o(ete-—>Y(nS)ntm)

e 1.5at+/s ~ 10.75 GeV
. 0.15at /s ~ 10.867 GeV

This may indicate the difference in internal
structures of Y(10753) and Y(10860).

23



- D
_ Xiv:2509.01917 [hep-ex]
ete™ > nY(1,25),yxp; near 10.75 GeV  awvizsos1c036 hepex e

Belle IT

> ete™ - nY(1,25) > ete” -y
Belle Il, L, =19.6 fb! I E BeIIe n prelilffninary 19.6 fb™!
: oo —_ G 100F +
10.15 _ sy A o IO o PO s QO = >
N YY e : S 4c $nY(2S) at Belle ® # JrJr JrH'H }

101 0 906 04 % ° ©3s5E = JF JFH 'H JrHJr JHrJf JHF
g T M RO o #1Y(2S) at Belle Il (Preliminary) © ok 1 1
Sq0.05 [ O 3 8 5
0] L 00 C =
S i © © = _ o +
R ‘§66..o.,96 ...... 89,0 25F pips 2 No Y(lS) signal
S | o 0.0 0 & 2 j i : '

9.95 o °o ® o - e N

: o 0 © 1.51 Y(10753) Y(5S) 0 9.4 9.45 9.5 955

N T T 1E M(/*T) [GeV/c?]

10.06 F + — o 0.5 \~/ 60
“310.05% L Ay [ [ [4 o© : 0 == 10; 108 << |~ Data " g Belle Il prefiminary, 9.8 fb”
S1004f, 0 0 % I 3.20 ' ' (s [GeV] > [ TFittedresuit -, v
%10_03 _ ...................................... Q)o@ ................................ = . — Background " X2
o ?ﬁ) 0 o o o
210.02 F 4 = . ete™ - yy
I R E—— o B 200 . bJ
®1001F o O e _ : £ I
ool 6.00 Also search forete™ - yX,, where X, is g | + I

9.99% ................................. O . A the bottomonlum_sector partner Of L 0 L

SR R R B S R . . S
04 045 05 055 06 065 07 X(3872). No evidence is found. 975 98 985 99 995 10
M(r*nn0/M'(yy)) [GeV/c] M(yY(1S)) [GeV/c?

B(Y(10753) - yx,,) < 1073

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment 24


https://inspirehep.net/literature/2965712
https://inspirehep.net/literature/2963303

ete” > h*h™ J/Y (h = m, K, p) via ISR

D

o

Preliminary result

Belle II Preliminary ~ |Ldt=4279fb"

S | @ T :
2 40__ \ 10°F __
s g |
N r 35 4 45 5 55
I 20-
2 hHH P Hnmunh
4 45 5 55
M@ INy) [GeV/cY]

Belle I1 Preliminary Ldt=4279 fb"!
S F
S 10-
o
- } H
~ 5
>
8a)

M(K*K J/\|l) [GeV/cZ]

&: 6Belle II Preliminary J.Ldt=427.9fb"
3 0
z
g |
I 2
@ L

5 55 6 6.5 7

M(pplly) [GeV/c?]

Longke LI (ZE#l), HNNU

Belle II Preliminary |Ldt=42791fb" Belle II Preliminary ILdt =4279 "

S T T T T T T T T T T T .
& § Bell ( ) 7] ‘\E B —+4- Signal
- elle a I > i — Tota
= 100 i Bellell 1 3 gl @) e
= ¥ Belle +Bellell . E i ----PHSP MC
> I g |
B 1 S
T - PR
v : = I
& A
= i
bg e %‘ 8 - ! :II_I
5.5 4 33
s (GeV) M o (mINY) [GeV/c ]
* indicative of the Y(4230/4320) state « Evidence for Z.(3900)* (3.30)
* anexcessnear 4.1 GeV » consistent with Belle/BESIII result

The precisions of cross section (h=K, n) based on Belle Il (428/fb):
* comparable to those from BaBar/Belle using ISR.
* less precise (5% and 10%) than those from BESIII via energy scans

Belle Il: Looking forward to more luminosity; results from ISR or yy process.
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Outline

e Luminosity Belle II: a tau super-factory

o(ete” >ttt (y)) = 0919 nb
* Recent B results 4 g
* Recent charm results

* Recent gg and exotic

e Recent tau results

¢ Summary l v" Sophisticated trigger system and particle ID |
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D

ta u L FV decays JHEP 09 (2024) 062, PRD 110 (2024) 112003, JHEP 08 (2025) 092 @

Belle IT

Lepton flavour violation is only allowed by: / BUL(T N E(I-I)Kg) < 0.8(1.2))(10_8: most stringent \

e Neutrino oscillations O(107°)
. ege ey . —— Elliptical S —— Elliptica
far beyond current experimental sensitivities . Belle 1 (retminary) — Eép;% .RSR 075 Belle Il (Preliminary) = ene
i o T-e ectangular - uk?® ectangular
 New Physics models O(10~8) o ° bata [cotmazs it | 050 | OO o [t e
e.g. Leptoquarks for 7= — £~ V° deals with R(K*°) ~ o 025 N
anomalies 8 oo B bt - 8 000 e
. - » -0250 - T _:_.__i::-_ h ¥
> | Belle IT (Preliminary) Signal region = -05} sl : g | oso ) RIFE IR - -
0.3 [rat— p 1 —— +206 region > A e -7 05~ . P
SDN ] / b= 424f —— Sidebands ) q;>) L e 1;‘5' 075 - ) E
<~ 1 B —p ptp)=6x10"* 4 Data 10% -1.0 - Ll
Fl» e g \ 1.6 17 18 1.9 2.0 160 165 170 175  1.80 185 1.90  1.95 /
P 0.2 - 0 M(ek?) [Gev/c?] M(uK?) [GeV/c?]
| i g7
* . -~
[<B)
[ = UL(— — (Ar— -8. :
. 102 B (t~ = A (A7) < 4.7(4.3)x107°: most stringent
m | .-
< 007 x Belle Il (Preliminary) Data:[cdt =364 fb~ Belle Il (Preliminary) Data:[£dt=364 fo~!
1 0.4/ —— Signal region e Simulated bkg 0.4/ —— Signal region e Simulated bkg
—0.1 o |1 = Sideband 4 Data (a) - Sideband = 4 Data (b)
1 02 {4 o — %7
—02 (L7 %) o + & %-’ ° ° o
4 O 00 g Q.' *1 QO %% el oo R
] — : g ¢
—0.3 Wy : + ° W + o®
T T T T T T T T T T T T T + —_— .
1.70 1.75 1.80 1.85 <J-020 % ° < O'ZP +: ¢
2 :
Ms, [GeV/c?] ! . " ) . Y SR
{ ’ —0.4; ® -

—_— -0.4 l
BUL(T - I‘ll‘ll'l) < 1.9%10 ° 1.70 175 1.80 1.85 1.70 L.75 8o 1%
more restrictive than Belle M(Am) [GeV/c?] M(Am) [GeV/c“]
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https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2785988
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2805696
https://inspirehep.net/literature/2914939
https://inspirehep.net/literature/2914939
https://inspirehep.net/literature/2914939

D

Summary o>

Belle IT

* Belle Il: analyses more data (428/fb before 2023), develops new tools, recently achieved
fruitful results, including some world-leading results.
* B CPV/rare/hadronic, charm CPV/BF/a/spectrum <- Recoiling/y/n°/Ks/v etc.

qq and exotic, T physics, (yy physics) etc. <- special data at e*e ™ collider

Belle Il Journal Publications per Year
60 T

()]

* Now Belle Il: 575/fb, only 1% of targeted 50/ab.

o

* More data, more results + more ideas (from u) 40'2 WPub. WPRL WCharm
* improvements as expected (R “ATHR” )
+ unexpected excitements (7 3 AJ Hf) ol I
O_E- ! [ p— L

2020 2021 2022 2023 2024 2025
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[ uu

S REHDEE

ZIP\ @ 8 Im K

SEEBERT10A

SR T8 52418 : 8 A
558 i /CPARE IA /% =S QCD /42 IR IR 10 55

R FHIERSELT : 2A
2 NBESIIFOBelle 115236 BES]I[

I5EsRiE T/ CPIIR/ (B RIBEFH

*HB1TE182; EiEfRE~22A
(L& BELTEIAFIMTEI1IAN)
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Back up e

) ? CLEO
| . 23+ 19
iy  LHCb20ls

i 29452422
o § LHCb 2021
| 31+124+04+0.1
§ CMS
T 63430402

H Belle + Belle II 2025
! —0.60 + 1.10 + 0.10

;H LHCb 2025
i +194+1.0+04

H LHCb average 2025
: -0.37 £ 0.78 £ 0.29

—40 —20 0 20 40 60
Acp(D° — KJKY) [%]
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Belle Il big family

W= » Belle Il o452 (¢ B KR) : 1207 AR R (134: 11%, %=43), 124 (15) A#fs, 28AER/HE.
RENMHF (80) : @E, AA, HE, £EH, BAH

Longke LI (Z=JBF), HNNU Recent results at Belle Il experiment




D

B? - K*0¢+T arXiv:2504.10042 |z

* Non-SM particles, explaining recent anomalies, would BDT is trained using missing energy, extra cluster energy in EM
enhance BF upto 0(10°) due to presence of two zs calorimeter, M(K °t.), g* etc
* Main challenge: no signal peaking kinematic observable 160 [ inaiiail praiiminary ' B T I S
due to multiple undetected neutrinos 140 [ [Ldt= 362 fb-1 BB
. « . . . . 22 ca ory: post-fi qq
e Relies on missing energy information and residual 220 [ regenys postE Uncertainty
calorimeter energy; Belle II is ideally suited S 100k ¥ data
- g °°Ff e @ |
K A Lﬁ 60 :_ ) ]
-1 4 T [
Belle 11 (364 fb™") \/ ao | —
hadronic B-tagging tfﬁ TP 20 ’
K*0 + / © : : ‘ . :
“ T L 1.25E + L .
0 L S 1.0 prreess e e B e s
‘ B sgn — S o075} :F ‘+ { } E
‘ T \ 0.5 . L . . .
A 0.4 0.5 0.6 0.7 0.8 0.9 1.0
s t,=0,7, p n(8DT)
A 3 ~ Yy
0 \‘ vs Belle: 3.1x10-3 [PRD 108 (2023) L0111ObZ] b onlv half | '
D) 1 ) Twice better with only half sample wrt Belle!
UL _ 3 9
Btag “ P~ = 18x107" at 90% confidence level Better tagging + more categories + BDT classifer...

Combinations of sub-track from t lead

to 4 categories: £¢, £, wm, pX The most stringent limit on the BY - KOtz decay
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D

First charm wave: lifetimes >

Belle IT

1 — T F—HBEMBELER: AT PFHRRBEYGREZTHFTORANZ
§ - 3 PRL 127, 211801 (2021); PRL 131, 171803 (2023);
10° - Belle I : PRD 107, L031103 (2023); PRL 130, 071802 (2023).
F Belle Il Online luminosity Exp: 7-35 - All runs
- : DO_’K_]_['*' i 17.5 4+ teasea Bahoety — ] £00
Be//e E : ] mmm Recorded Weekly D
\ . Py 15.0 - sssssess ICRecordeddt =575.47 [fb—].] ..... - | @ S
, Belle I - 500
10} _

12.5 Long. Shutdownl..f.

- 400

200 4
- 300

P&

t [ps]

DO D lifatime - 200
5.0 1

Total integrated luminosity [fb~1)

most precise charm lifetimes:

7(D°%) = 410.54+1.140.8 fs,
7(Dt) = 1030.4 +£ 4.7+ 3.1 fs,
7(DF) =499.5+1.7+0.9 fs, o

T(A}) = 203.20 + 0.89 £ 0.77 fs

Total integrated Weekly luminosity [fb~1]

2.5 4 100
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D

Charm CPV: ACP(D"' — 1'["'1'[0) PRD 112, L031101 (2025) QB%

Using D* - n*tK (obtain ~1.6M signals)

x10° Tagged decays %10° Null-tag decays
L5 Belle II [ L dr =428 fb™ 6f { Data to eliminate two common asymmetry
< — Fit
E : [T Phys. backg. sources: AD.,q + A" Thus, the CP
= 4= v~ Comb. backg. , ,
5 - asymmetry of interest is
g s ntKd 70
= Acp = Araw —Apaw” 4
5
2 Belle Il (428/fb) result:
Q
g Acp = (-1.8+ 0.9+ 0.1)%
< . . . . : =>» most precise; and 30% improved precision
1.8 2 22 1.8 2 22
m(r*7’) [GeV/c?] m(*n’) [GeV/c?] compared to Belle’s result 6=1.26% (980/fb)
Nsig = 5130 + 110 NSig = 18510 + 240 [PRD 97, 011101 (2018)]
Acp = (-39+1.8+0.2)% Acp = (F11+£1.0+0.1)%
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https://inspirehep.net/literature/2931715
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