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SuperKEKB and Belle | o

Belle IT

» SuperKEKB: upgrade of asymmetric eTe™ collider « Belle Il: upgrade of Belle detector at the IP of SuperKEKB.

KEKB with e* (e~) beam energy at 4.0 (7.0) GeV.

Interaction
Region Belle Il detector

electron / positron
linear injector

positron damping ring

Z2red “Nano-beam”
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100um

Nano-beam design:
Beam squeezing: x20 smaller; Beam current: x2 larger
Target peak luminosity: KEKB x30

Amutbuposes” | The Belle Il Detector

vertexing, PID, neutrals, KLong and muon detector: B
electrons, muons and Resistive Plate Chambers (barrel outer layers)
hermeticity. Scintillator + WLSF + SiPM’s (end-caps , inner 2
p— .- barrel layers) J
.

T —
EM Calorimeter: MNN —
Csl(Tl), waveform sampling\ -e C

~_

electrons (7 GeV) —

' TOP detector system (barrel)
Prox. focusing Aerogel RICH (fwd)

\! cle Identification J

-
Beryllium beam pipe
2cm diameter

L
>
Vertex Detector

L 2 layers DEPFET + 4 laye

_ 4? ' ‘ positrons (4 GeV)
Central Drift Chamber 3

New detectors: vertexing
detectors (PXD, SVD),
tracking and PID systems
(CDC, TOP, ARICH)
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Belle and Belle Il datasets <o

Belle IT

Belle Il: RUN-I (2019 - 2022); RUN-II (2024 - now)

Belle (1999 - 2()]_()) New peak luminosity :
L =524x103*cm™%s~! (March 19, 2026)

In I luminosi fB f Il Belle Il Online luminosity Exp: 7-40 - All runs
(fb™) 3 Integrated luminosity
>1ab L 200
1200 . On ToSChARGCE S — 17.5 1 . Recorded Weekly
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[ ¢ =
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From Feb. 2026 to the present, a total of >100 fb~! of
data has been accumulated. -3-



Charm production at Belle |l

Two ways of producing charm at B-factories.

Two charmed hadrons produced from continuum

One or more charmed hadrons produced in B decays

o=
X, b %
W ~
XC
et i
—

Large statistics but high level background Low statistics but very clean sample

Only relative branching fractions can be measured Absolute branching fractions can be obtained:
Absolute values obtained using external inputs cross section of BB precisely measured
o(ete” - cC)~1.3nb

g(ete” — Y (45))~1.05nb

B(B - A + X)~1072
All the results presented today are derived from continuum processes.



CPV in Charm
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How do we measure Aqp? <o
We want We measure
ro-f)-ro-f ND->f)-ND~>f
ACP(D —>f) = ( f) ( f) Araw(D — f) = ( f) ( f)

ro-£f+rod-7 " ND->f)+N®D - f)

related by

sig _ 4Sig det
A3Y = AT 4 Adet 4

raw

To subtract these effects, we measure A.p in another control
channel (cc) where it’s either known or expected to be zero

ATqw = Al + A% +

b known or null b can also remove averaging on
D production angle 8*

and measure the signal A-p as

sig _ ,Slig cc cc
ACP — Araw o Araw T ACP
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CPasymmetryin D — it Do
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ODY > rntr™
 The only channel with > 30 evidence of CPVin charm [PRL 131, 091802 (2023)].

 The SM generates CPV through interference of a tree-level and suppressed QCD loop amplitude
Al = 1/2 (I=isospin) [PRD 85, 114036 (2012)].

ODtY -»natn®
[ =2 andcan be reached from the I = 1/2 initial state only via a AI = 3/2 transition.
* InSM, no direct CPV is expected.

O DY - n%x°
e Canhavel = 0orl = 2 and hence can have nonzero direct CP asymmetries in SM.

v The following sum-rule for CPV in D — mrr decays; it helps to determine the source of CPV:
ABL (DO — ™) N AL (DO — 7970) N AYL(DT — 71t 70)

Tpo (15’00 _25+0) TLO(BJF— _23+0) _ 3Tp+ (Boo B+—)
1+ B 0 3 Tp+ 1+ Boo TH0 3 Tp+ 1 2 Bio TH0 T TH0

R —

v if R # 0, CPV from Al = 1/2 amplitude.

v If R = 0 and at least one A2Y" = 0, CPV from a beyond-SM Al = 3/2 amplitude. [EPJC 83, 279 (2023);
v R =(0.9 + 3.1) X 1073, uncertainty is dominated by D° — %% mode. PRD 107, 052008 (2023)] -7-



In SM, the no CPV is expected in D™ — tr® decay.
Utilizing split sample: D* from D** — D*r® decay or not.

Signal mode

Tagged Null-tag
Yield 5130 + 110 18510 £+ 240
Araw (=29 +£1.8)% (—0.4 £ 1.0)%

Control mode: Dt - n+K?

Tagged Null-tag
Yield 5130 £ 110 18510 £ 240
Arqw (=29 1+ 1.8)% (=04 +1.0)%

Using 428 fb~! data, Belle Il obtains

Acp = (=391 1.8+ 0.2)% For D** — tagged sample
Arp = (—1.1+1.0+0.1)% For null—tag sample
Acp = (—1.8+ 0.9+ 0.1)% Combined result

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/c?

Asymmetry

Acp(Dt - )

D
o
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[PRD 112, L031101 (2025)]

x10° Tagged decays «10° Null-tag decays
L5F Belle Il [ Ldt =428 fo! 6F t Data
— Fit
[ S|gna| A [ Phys. backg.
IF 4F 72 Comb. backg.
. mode -
0.5F 2k
02F t O.1¢
: 4 } ottt e b1t ﬂ
o2t f * + W
' t § |-01E t L1
1.8 2 22 1.8 2 22
m(nn®) [GeV/c?] m(nx®) [GeV/e?]
5 %x10° Tagged decays 15 10° Null-tag decays
Belle I [ L dr =428 fb™! -+ Data
4 [ — Fit
) Back d
Control | 1of MM Backeroun
3 3
mode
2
1
0.2f +
o
—0.2H

1.85
m(mw*K 2) [GeV/c?]

1.85 1.9
m(m*K 2) [GeV/c?]
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« The D? decays are required to originate from the flavor-conserving D** — D%zt decay.
e Taking D° - K~m* samples as control channel. [PRD 112, 012006 (2025)]

PIEEr—————EE .. y — AT AL
L T ! ! L ! ! ! %, T T T T T T T T T T T oas0ET T T T T
z Belle I1 | I di = 428 b > Belle IT [ L dit = 428 fb* S 300F potterr [ 1de- 428 = Belle T | 1 dit = 425 6™
2 —4— Data = 1000 —4— Data % %
3 2 —4— Data 300 —4— Data
=t s — —
5 —— Total fi g —— Toul fit B cos 9 >0 o — Total it cos 9 <0
8 M - g 800 B - ; 200 Il Background ;‘ 250 = [ Background
_._'-r: Combinatorial Back. ",'r: 0 Combinatorial Back. g Z 200
=] . =] o 3 . b= s
& Preliminary K Preliminary 3 150 Preliminary 5 150 Preliminary
o4
100 10

0 0
A . 2 2.1 1.82 1.83 184 185 186 1.87 188 189 19 1491 182 1.83 184 185 186 187 188 189 19 1491
. m(r’r’) [GeV/e?] m(r?n’) [GeV/ @] m(K'w*) [GeV/d m(K'm") [GeVicd]
Signal mode _Control mode .
. F T - e B B B B B B E LTSN e e B B B L B B
} 2200 = 1 1 1 1 1 1 1 1 — ':7:, 1 1 1 I | g :_ " _: —_ : 4
% 2000 = BBHEIIJ L dt =428 b 3 % 2500 Belle IT J Ldt=428 i 3 % 90 E Belle IIj Ldt =428 fb E % 100 = Beﬂelfj Ldr=4281fb
F E = ] 2 g)f — Dat = = [ — Daa
o 1800 ~+ D E N, —+Daa 1€ E —mown 3 g F— Towl i
?.. 1600 ;_ — Total fit _; s:.. 2000 — Total fit = =] é I Background g S 80 C I Background
2 1400 E - ki E 2 [ Y 11z of E g r
% 1200 - Cumhi[uﬂulia] Back. 3 % 1500 Combinatorial Back. £ 50 ;— Prelimi _; 8 60— Prolimi
= . E = .. ] z E i E = - 7
S 1000 - Preliminary = Preliminary 3 ||3 %©F reliminary 3 2 WF refiminary
Z sof . E % 1000 1S »F E 3 r
0 - Am = Mp+d— Mpo _ "3 Am = Mj«+ = Mo Tagged
400 - Bz 500 - A2 wE 3 E
e %//////// o /,/ ./// 0 Sttt I 0 e yEm '
0 ’/ 0 /A,///// o] o = A 0.142 0.143 0.144 0.145 0.146 0147 0.148 0.142  0.143 0.144 0.145 0.146 0.147 0.148
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 0.156 0.158 0.16 Am[CeViel] AmCevie]

A m|[GeV/c) A m|[GeV/c?]

* Result at Belle 11 (428 fb™1):
Acp(D°— m°®) = (0.30 £ 0.72 £ 0.20)% AY (LHCb), W.A. B and D lifetimes,
» Consistent with CP symmetry and with Belle (980 fb™1): —3
= (1.5 + 2.
(—0.03 £ 0.64 + 0.10)% [PRL 112, 211601 (2014)]. R . (.1 5+25) X _1.0
> 15% less precise than Belle, but with < 50% datasets. 20% improved precision -9-

- Using our result, A%, (LHCb), W.A. A%.™



ACP(DO — 7T+7T_7TO) Q(B
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* The D mesons are required to originate from the D** — Dm{, /& «f == o s

« Using tagged and untagged D° — K~ m* to eliminate common
asymmetry sources.
* The data are divided into eight cosf.y bins to cancel the

Signal
mode

Candidates / (0.00165 Ge\ilcz)
&

: R
a X -
-
:‘%3'5_
E
\ .
g
& g
T B
L J .
Pull

Candidates / (0.1 MeV/c?)

production asymmetry. [PRD 113, 052006 (2026)] . 3_ E'
iy Belle Il [Lat = 42810 e LA A b I S L
3 T HW H :? HM} TR
15 Aep = (0.29 4 0.27 + 0.13)% | ipainddl |y
_ 1 | O _ 1.8 '\;2(3[5)0) [GeVICZ]‘I.Q 1.95 0.14 0.142 [‘]’.31;4[(39\;.;:]6 0.148 015
X : Acp=(0.29 +0.27)% T —rown o - g
._Q‘_ 0.5 B E Background — Signal % 25? _:""k'"' " +:.m| ' EE"EHJN‘:‘ZM‘
= ool | %"”*Control g :
T 3 | Mode =
-0.5 | ?% - g
_1-0 : PR ST TR T N ST SR S SN NS TN SN SR SN [ TR SN S SN N S S S S N SN S SR S N S T S @ Z;_ :2:
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 3 _2"~_| h'i'J il'l i‘ w i‘“ T “”“ 1“' o 0
|cos Bcu| (D) I 3
. . . _ = SEl £
34% improved precision compared to Babar (385 fb™1): I opn: L £
g 2F[] E -2
(0-31 i 0.4‘1 i 0.17)%[PRD 78, 051102 (2008)]. < 7:.1‘ WE).714727 ;J:::[G u\i.c;zis ‘N;).14‘8 U‘o.15 < _51_3 e vl 0 0 A

M (D°) [GeV/c?]
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Acp(EX > XTh*h™,Af > ph™h™) S

Belle IT
1 1 1 1 Ngm Belle Il [ Ldt = 428 fo! L150] g I Ldt=428fb!
* First measurement of A¢p in singly-Cabibbo- ;= /* |l |
* — total fi < — total fi
suppressed three-body charmed baryon decays. ., g | i
e Taking AF -»X*h*h~, A} - pntK~—, and /7T g it |
g C ’ Cc p 7 E Ec-"- _>2+K+K— E Ec-‘l- —)Z+T[+ i |
DO — K_Tl'-l_ﬂ'-l-ﬂ,'_ as COntrOl ChannE|S. 200 2@ 2m 24 248 250 2% 25 200 2w 2m 24 288 250 2% 25
Mz} >Z*K*K™) [GeVic?] MEF =I*ntn) [Gevic?]
« Using 428 fb~! data, Belle Il obtains g o :
e 09 £
703 g

ACP(E(;I_ _)Z+K+K_) = (37i66i 06)% 240 242 244 246 248 250 252 254 10;)[;0

— b+ Ngﬁooo Belle Il [ Ldt = 428 fb~? Y Belle I [ Lt = 428 fo™
Acp(EF - X" n"n™)=(95+68+05)% i | ‘=, PO e
4000{ - background g 6000) packgrownd /)
ACP(Ag“ — pK+K_) =(B39+1.7+£0.7)% s $ o '
A (AF ,o- +1.0+02)% A = pKTK™ i Ao prth
—_ —
CP( c pT[ n ) (03 — 0 — 0 )/O 32 2.26 228 230 232 234 224 226 228 230 232 234
M(A} > pK~K*) [Gev/c?] M(A} =prn~n*) [GeV/c?]
2 01 2 0.1
R [ | { | | | t @
e Test U-spin sum rules: : ool l | o
<E_0'21.24 226 2.28 2.30 2.32 34 - 0'21.24 226 228 2.30 23 234

Acp(EF -2 n*n™) + Ap(Af > pK*K™) = (134+ 7.0+ 0.9)% [PRD 113, 032017 (2026)]
Acp(EF 5 XYKTK7) + Acp(Af »pitn™) = (4.0 £ 6.6 £ 0.7)% -11-



Summary of CPV in charm L2

Dt - ntr? (-1.8+ 09+ 0.1)% PRD 112, 012006 (2025)
D° - %0 (+0.30 + 0.72 + 0.20)% PRD 97, L031101 (2025)
D° -t n® (+0.29 + 0.27 + 0.13)% PRD 113, 052006 (2026)
PRD 111, 012015 (2025)
D® - KJK¢ (0.6 +1.1+0.1)% PRD 112, 012017 (2025)
D*,Df » KK mn*rm™ (#39+45+1.1)%,(-02+ 25+ 1.1)% JHEP 04 (2025) 036
Af - AKY, 0K (+21+£2.6 £ 0.1)%, (+2.5+ 54+ 0.4)% Sci. Bull. 68 (2023) 583
AY > pKYK~, AT - prtr” (+3.9+ 1.7+ 0.7)%, (+0.3 £ 1.0 + 0.2)% PRD 113, 032017 (2026)
EX > XtTKTK~,Ef > Xtntn~ (+3.7+ 6.6 £0.6)%, (+9.5+ 6.8+ 0.5)% PRD 113, 032017 (2026)

-12-



Charm hadron decays
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=0 7+
=, and = decays
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O Decay amplitudes of charmed baryons receive contribution from factorizable and non-factorizable

terms,

e e.g. W-emission and W-exchange that indroduce significant challenges in theoretical calculation

' N N ( N ( N
c > > c_i 10 d » f}hu s >
W+ <d d
204 y =¢4 W<” =24 V\/ﬁﬁ<
d > d }A o > > d }A c > >
LS > S LS > S gd >
CI

}h()

-~

N
7

u c

}h(]

Wi

»
L

d

v

LS

Ey

O The absolute E£’+ yields are not well known, relative branching fractions are measured using =0 —

oy ot =gttt
=T and £ —» ET T asreference channels.
«o*  Belle  [Ldt=098841fh"" A0 Belle I [ Ldt = 427.9 fb™"
— 20
& ¢ —4— Data 5 18F —— Data
o b (a) —— Signal Fit O 16E (b) — Signal Fit
> r- W e Background Fit > T S A\ I Background Fit
2 F — Total Fit S LE — Total Fit
ot o 10F
~ - =~ C
(2} C n 08
t F T 06F
S L S o4f
TR 0 Bovegateett LN
ot e —
_ 5 | _ 5
= o el
- -5
24 242 244 246 248 25 252 254 24 242 244 246 248 25 252 254

M(Er*) [GeV/c?] M(En") [GeV/c?]

[PRD 113, 032015 (2026)]

Bsig
Bref

m— gt

e

Nsig X Eref

Nyef X €sig
Bres(E2 - ) = (1.80 + 0.52)%

Bref(Ef » E7ntn™) = (29 £ 1.3)%

[PRL 122, 082001 (2019); PRD 100, 031101 (2019)]
-14-
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=0 7+
=, and = decays
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[JHEP 03 (2025) 061]

* Using combined Belle and Belle Il data (1.4 ab™ 1), many two- Bello 11 [ car = 4279151

Belle [ £dt =983.0fbh~!

800" T | T
. ~ ~ - - r T
0 + _ F (@) mta @ Thme ]
body hadronic decays of £ and = are measured. T = e B ]
% 600 — Background % 200— Background =~ —]
b= k ] = r 1
[PRD 113, 032015 (2026)] & ! ER- :
500 = ; . ? E ....... ] g 1001~ .
& =0 §500 ! 3 200 =+ 0 = R |
%400#_ o ™ An 530 (a) % EFC - A77 3.30 (b) u : S ™ pKS ] w r 4
© F © 400 0 . : 0
= 300 = £ TN = gE 3 35 SE 3
@ g 0,300~ s &z 3 &= ]
< C = E 2.4 2.45 0 25 2.55 2.4 2.45 o 25 2.55
0 200 9D ook —4= M(pK?) [GeV/c?] M(pK?) [GeV/c?]
c cor
L%on:— Be”e + Be”e ” :>j100:— Be”e + Be”e ” Belle [ £dt=983.0fb~" Belle II [ £dt = 427.9fb "
: AN - "(b1) om wE(B2)  hm ]
0 I l ‘ I I : : 0 ; : _A_ : né'_.)' 400 :Z:‘r:lhf:atorial = aéj r ::::Lii::alnrial b
_ 5 - 5 % E{ackgﬂmund . 2 % B E‘ackgnround X T
E 0 B D—:- 0 L E 300 cenn BgE (—AYR _: z : coen EgmL (=AY :
o 3 ] L
75.38 24 242 244 246 248 25 252 254 2.56 7‘3.42 2.44 2.46 2.48 2.5 2.52 5;. 200 3 -Nﬁ L
M(An) [GeV/c?] M(An) [GeV/c?] s t €
a =+ At &
e T NTT
[JHEP 08 (2025) 195]  .tuitf \ e
Belle [ Ldt = 983.0fb~! Belle IT [ £dt = 427.9fb~! z ik i i
* 2.4 2.45 25 2.55 2.4 2.45 25 2.55
300 . pata [ —— Data M(Am") [GeV/c?] M(AT") [GeV/cd]
| — Total fit 150 (— — Total fit
g o Broken signal (e) & | — TouBackorouna (f) Belle [ Ldt = 983.0fb" Belle 11 [ £dt = 4279~
- Broken signal > L Broken signal T T T T T
2 200 2 C 7 (e1) ~— Data i 7 (c2) - Data ]
— - p=" [ o —— Total Fit T — Total Fit 1
o { { (=} L _9- : ----- Combinatorial : _9_ 100 — «+ss. Combinatorial —
= i { = I > 200 — Background ] = - Background
a - ! + + a % wern A=Ay ] g B e A AT ]
g 100 g s 1S ]
Y o+ Lm0+ - = 2 ol ;g .
: ‘:C ﬁ ‘: K :l ~§ 100 : .......... . ,‘ A -‘é:: :
0 1 1 1 1 0 1 1 1 1 w B w i
r + + 4T B
~ ; _ ~ ; - I = - Z T | S
&0 ) = 3 = 3
-2F -2F a gE 3 a SE 3
-4 —4F 2.4 2.45 25 2.55 22 2.45 25 2.55
2.4 M.’i:oSK+) [Gev,c.:?é]S 2.55 2.4 M?:()SK+) [Gevl‘ 2235 2.55 M(E°*) [GeV/c? M(E’n*) [GeV/cd 1 5
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=0 7+
=, and = decays
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First or most precise measurements of branching fractions! .
e These measurements serve as experlmental

inputs to constrain and test the quark model,

JHEP 03 (2025) 061 the pole model (Pole), current algebra (CA),

JHEP 08 (2025) 195

] | 1 1 vty T @[ T O[T @ swaany  @nd SU(3) flavor symmetry.
—— [ [ - Geng et al. [5] g -~ e Geng et.al Il3l
L Zhao et al. [6] —— L —— - Geng et.al [14]
- Huang oal[15 [PRD 113, 032015 (2026)]
] e et L Hsiao et al. (I) [7] - Zhong et.al (1) [16]
e e —e— | Hsiaoet al. (IT) [7] Zhong et.al (1) [16] T
- Huang et al. [8] Xing et.al [17] ag ¢ o i - Zhao et al. [15]
. e Geng et.al [18] L | —o— ] !+ Gengetal [16]
—e—i - - L Xing et al. [9] Liu []_9] :
- o o L Liuet al. (1) [10] . Zhong et.al (I) [20] ¢ \ Ll Zou et al. [17]
o L Livet al. (11) [10] . Zhong et.al (1) [20] —a—i —a— Fed 1 [ Gengetal[l§
- — Zhao et.al [21] I
—e— 1o - - Zhong et al. (I) [11] Hsiao et.al (I) [22] o ke Lob Hsiao et al. (I) [19]
___________ ek I E el Zhong et al. (II) [11] Hsiao et.al (II) [22] ol o i L Hsiao et al. (II) [19]
e — L CLEO Collaboration [12] Belle and Belle 1T o " : L Zhong et al. (1) [20]
3 = = | Belle and Belle II - combined measurement !
. . : : - - ; . combined measurements i | | Ll bidveilvialiil —® —e I I—O—‘ - Zhong et al. (II) [20]
0.0 0.8 1.6 1 2 0.0 0.1 0.2 O\I.i..1\\||2\\||3| ||0|| .5|\|10|||\15|||\20 I 1 ||2\|||3|H|4||| :
B(EF - StED(%) BEF - 2% (%) BEF - 2'KN(% r ng et al. [21
(Ef - (%) BET - J%) BES — )(%) BE k) x 100 BELoAx) x 10 BE-'7) x 10° o ] i Geng et al. [21]
= 2 || ol : - Zhong et al. [22]
Next steps: o = o1 | Xing et al. 1) 23
I
1. Explore three-body decays; | Xing et al. D) [23
1
. . . . . P —e— ol —> r  Belle and Belle II
2. Amplitude analyses to search for new intermediate states and identify J©. b—="J L2 rr—trl  combined measwements

B(Z! = An)(x10~%)

B(Z! = An')(x107%)

B(E? — An")(x107%)

-16-
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First observation of D2, (2317)" —» Dty e

902

¥ UD,q

N

Belle IT

* The D;y(2317)" —» DI m® was first observed by Babar in 2003 [PRL 90, 242001 (2003)].

D1, (2817)* DECAY MODES Mass of D;;(2317)* is much lower than the quark
s0 . . — .
D%,(2317)” modes are charge conjugates of modes below. mOdeI pred|ct|0ns Of the |OW€St CS mesons W|th

) Scale Factor/ P +

Mode Fraction (T'; /T) Conf. Level  P(MeV/c) J5 =0

[r. Diw (10079, ) % 2 ] v i Mod|fy|ng the ¢S quark model
| 1P D <5% CL=90% 323 v .

( _ ] * D*K hadronic molecule
I's Dx(2112)" <6 % CL=90% v

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

s D:(2112) 70 <11 % CL=20% v
L, Dir'm <4x10° asox 194 v |Partial decay widths:

oo D not sen 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.

“ CLEO, 13.5 fb~1 o | i |]jelie 87

i [PRD 68, 032002 (2003)]] N t | g [PRL,92, 012002 (2004)]
o0 _ ok “ o : ISRF R ll.HM’l 4 1] |+ 20

i { ET LI i1 WTI i

100 [ + ' Babar, 236 ﬂ)_l + N
ot R | [PRD 74, 032007 (2006)] |
o0 150 250 352 450 720&)2.71‘ - IZ‘.Q | IZ?E‘ - IZ‘.4I - IZ?S - I2.6‘ - I2?7 0 . !
M(DZ7)-M(D) (MeV/c?) ot 7y nvertont Mass (Go4/) T ety T 7.



First observation of D%, (2317)* - Dty el

Belle IT

Using all Belle data (983 fb~1) and Belle Il data (428 fb~1) [arXiv: 2510.27174]

 Target: D,(2317)* - D}ty B(D?,(2317)" — Di*y)
 Control channel: D},(2317)* - Din® [B = (1001),)%] R = i 0
B(D?,(2317)* — Din®)

~—~ 1500

&J & ¢ Belle Data Total Fit
3 o —e _?ellel rl':_’iata (SJ [© e Total BKG Combinatorial BKG
| —— Total Fit i —_—
o [ bk s | [ o sidtans = [7.14 £ 0.70(stat.) + 0.23(syst.)]%
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The Belle Il physics program has strong potential for charm physics, especially in
measurements of CPV in meson and baryon decays.

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

The SuperKEKB accelerator continues to break world records for instantaneous luminosity.
On Mar. 19, it achieved a peak luminosity of 5.24 x 103*cm~%s™ 1.

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

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

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

T T

2024 12034

Thanks for your attention! 10-
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CPV in charm o

Belle IT

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

1. GIM mechanism
2. small size of |V, ]
3. dominance of tree-level (lack of interference)

— CP violation ~10

® Dominance of matter in the Universe indicates Charge-Parity (CP) Violation. KM is 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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Comparison of available charm samples

D
o

Belle IT

From Prof. Longke LI

Experiment Machine C.M. Luminosity( fb_l) Npmd Efficiency Characters
3.77 GeV 20 DO+ 108 ® extremely clean environment
Besm BEPC-II 4.18-4.23 GeV 7.3 DF: 5 x 10° ~ 10-30% @ quantum coherence
(ete™) 4.6-4.7 GeV 4.5 AF: 0.8 x10° © no boost, no time-dept analysis
X* ¥ % %k
D SuperKEKB D°: 10° (— 10'1) © high-efficiency detection of neutrals
(ete) 10.58 GeV 600 (— 50000) D(t): 108 (— 1019) ® good trigger efficiency
— Af: 107 (— 109) 0(1-10%)  © time-dependent analysis
D KEKB D+, Df: 10° © smaller cross-section than LHCb
(e+e7) 10.58 GeV 1000 AJCF: 108
BELLE ) & &k * %
LHC 748 TeV 142 5 x 1012 © very large production cross-section
(pp) 13 TeV 6-+9 1013 0O(0.1%) ® large boost, excellent time resolution
(— 23 — 50) @ dedicated trigger required
% %k k *

Here uses U(DOW©3.??GeV):3.61 nb, (DT D™ ©3.77GeV)=2.88 nb, o(D% Ds©4.17 GeV)=0.967 nb; ¢(cc©10.58 GeV)=1.3 nb where each cz event averagely has 1.1/0.6/0.3 D[)/D"‘/D;r

yields; J(DD@CDF):13.3 ib, and U(DOQLHCb):1661 ub, mainly from Int. J. Mod. Phys. A29(2014)24,14300518.

e BESIII, Belle Il, and LHCb experiments, with their advantages, are all ideal platforms for charm studies.

@ They all are continuously collecting more datasets with increased luminosity in the foreseeable future.

-22-



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

