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e Charm @ Belle Il

* Radiative or rare charm decay:
* Dso(2317)" - D3ty

LHCb
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e Dt > ntete”
* Charmed baryon hadronic decay:
* A - AKT (%)
+ E¢ - A% n,1m")
* Charm CP violation:
* D¢~ nh*
« At > ph*th™,Ef > Xth*th™
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Vertex detector (VXD)
Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)

Particle Identification
Barrel: Time-Of-Propagation counters

(TOP)
Forward: Aerogel RICH (ARICH)

e- (7Ge|0

Central Drift Chamber (CDC)
He (60%), C2Hs (50%), small
cells, long lever arm

e (4Ge|0

K./u detector (KLM)

Outer barrel: Resistive Plate Counter
(RPC)

ElectroMagnetic Calorimeter (ECL)
CslI(Tl) + waveform sampling

Endcap/inner barrel: Scintillator
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Belle-115CI8 SR4TE R 2 ~20% of all physics publications |

 Charm lifetimes: e Charm CPV:
« 7(D%%), PRL 127, 211801 (2021) * Dy = KJK~m*m*, JHEP 04 (2025) 036
« 7(A}), PRL 130, 071802 (2023) « D% > KJKQ (D**), PRD 111, 012015 (2025)
« 7(Q2), PRD 107, L031103 (2023) « DY > %% PRD 112, 012006 (2025)
- t(D{), PRL 131, 171803 (2023) « D% KJQKJ (CFT), PRD 112, 012017 (2025)
« DY > % PRD 112, L031101 (2025)
* Charmed baryon: « D% > gt~ 7° PRD 113, 052006 (2026)
o 205 E%1%n,n"), JHEP 10 (2024) 045 e Ef >X*hth™,Af > ph*h~, PRD 113, 032017 (2026)
« At - pKJn® (B1), PRD 112, 012013 (2025) * D(s = nh™, preliminary result

EF - pKd, Ant, 207, JHEP 03 (2025) 061

EF > 3TKQ,E%7F, 20K+, JHEP 08 (2025) 195 e Charmed meson:

20 > A(m% n,1n'), PRD 113, 032015 (2026) « mixingin D® - KQmw*m~, PRD 111, 112011 (2025)

AY - AK* (7%, n), preliminary result « D% > h*th'"ete™ (B1), PRD 112, L0O71101 (2025)
« D.,(2317)" - D:*y, PRL 136, 241901 (2026)

« DY > mtete”, preliminary result
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Belle 1l Online luminosity Exp: 7-42 - All runs

e Radiative decay and rare decay:

* Dso(2317)" - D3y

Integrated luminosity
B Recorded Weekly

20 4- *---'I-E-Recordeddt =0,914[ab 7] e

o
e

e DT 5 rtete™

o
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* Charmed baryon hadronic decay:

« Af > AKY (7% 1)

©
>

Total integrated luminosity [ab™1]

™

* E¢ > A’ n,1m")

o
N

Total integrated Weekly luminosity [fb~1]

e Charm CP violation:

. D(ﬂ;) - nht C——) 0>t
e At 5 phthT EF - SThth- Based on real data
before 2023 (428/fb)

0.0
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observation of D¢(2317)" — D}y pru13s, 241901 (2026)

“D| D

allaa

BELLE Belle I

* 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.
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More radiative decays on the road. Stay tuned!


https://inspirehep.net/literature/3075577

Charm rare decay: D* » mrete™
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Highly suppressed in the SM, making it sensitive to possible effects
from physics beyond the SM.
The total decay rate is dominated by long-distance contributions

(0(10°®) level), which can mask short-distance new physics effects.
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* In hadronic decay of charmed baryon, the nonfactorizable contributions from internal
W-emission and W-exchange diagrams play an essential role and can not be neglected.

/7 [Fig. in Chin. Phys. C 50, 022002 (2026)]

W .
0 i —

(T) (C) (C)
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable
" W
W
(E) (B) (P)
W-exchange Bow tie penguin ¢
= : Y
non-factorizable non-factorizable neglected Belle IFBEM A RKIERET
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Based on B+B2 (1.4ab!) dataset:

=0_,
BEc>A)  _ 416+ 0.91 + 0.23)%

B(E2-E-1t)

20 5ANn0
B(Ec—Anr) _ (248 + 0.82 + 0.12)%

B(E2-E"rT)
B(E2—AnP)

0
B(EQ-E~m+) < 3.5%

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

B(Z2 — An)(x10~* B(E2 = An')(x107%) B(E? — An%)(x107%)

- Zhao et al. [15]

- Geng et al. [16]

- Zou et al. [17]

- Geng et al.[18]

- Hsiao et al. (I) [19]
- Hsiao et al. (II) [19]
- Zhong et al. (I) [20]
- Zhong et al. (II) [20]
- Geng et al. [21]

- Zhong et al. [22]

- Xing et al. (I) [23]
- Xing et al. (II) [23]
- Belle and Belle II

combined measurements

MIFRES X LERRBRER: AEIRHRER
TERELIKE.
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REF: SCSTELRME

- RETHEFHIFER (SCS) FBIEACPAHIMIE RS HIRME THHNTE
- (EBFIIEEARENSCSHEEGFW A IS EHNE.
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= ++ K7(892) = St AT . Geng 2019 [23]
o ® e o i
O, . Tt o el [ } ; ' A A Cen 2019 [24]
E 1000~ N 1Z) 50 + + X .
c . = 4 t ; Geng 2024 [25]
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EAFER—LEHIRESNE. ESHERE: RIBSITAMCPEHIFI K. -



REFIFRRE: #HITHRINE

ANIERRET

o At > AKdmt, AKQKY, AK et~
e At - EOKImt B0kt

« AT S ZtKTn T, 2tKQKO KK~
« At 5 E°K* (B &a)

« At 5 XK (B & a & A%p)

: A+ — X T~ (PWA)

EF570/1b (<2025) BN E LR T

NRIAFEF R T (E FEAES) ,

MOFHEATT!

"“EIIEE%?

- 27 T (PWA)

AK£n+,pK§’KS°

AKQKY E-Ktnt, Q" K*trt
E0ntntn 2tk nt

...OKO + HO_)E—KSO +,:OK+ —

-4
Cc
-+
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-+
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-+
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+
Cc y=c

-
D
-
D
-
D
-
D
™
-
Dd

R
R
R
R

205 O"KT (B&a)

20 - pKQK~, 2 Kdn~ ,AK " mt
50 5> 7K1, AKQ, X K~ (B & a)
20 > E"htrnl E htn

50 - E(1530) 90

absolute B(E} — f)
...... 13
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» Radiative decay and rare decay:

* Dso(2317)" - Ds™y

e DY s> mtete”
 Charmed baryon hadronic decay:
 Af > AKY (7% n)
* B0 - A@®,m,n")
* Charm CP violation:
* Dy~ nht
e A 5 ph*h™,Ef - XthTh~

14
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o SEE T RDPOPRRIARIAL : FRERBITHATR /N2, [Ete BT AV BURIR §t

LHCb-CONF-2024-004

o TN FETCPIELL: Rof e
kol

¥ Beauty and Charm, a%, - =0

20198ELHCOM AAp(D° » K*K~,mtn™) = (—1.54 £ 0.29)x1073
BXRIISECPREIAL!, ANk “4NE+KZ8” . BEMRAIME
FEXRBD? » ntn~FiEW . BREIEER LH A RIFAIAETELCP
WIRRIKIR. RS FEEES “LI7 FMEFHIE.

* RETRLCOPHIL:
» 20254, LHCbZERMRETREPEREKIMEFOPRIFD, Nkt “YHE+ARH" .
+ RETFOPHIF: MRLIMAIEMZWIBR.

[1] H-n. Li, et al. PRD 86, 036012 (2012) [4] (LHCb) Phys. Rev. Lett. 131, 091802 (2023)
[2] H-Y. Cheng et al. PRD 104, 073003 (2021) [5] (LHCb) Nature 643 (2025) 8074
[3] (LHCb) Phys. Rev. Lett. 122, 211803 (2019) 15



Charm CPV: Acp(D(yy - ') 5

* Belle Il has high efficiencies on y, 7°/n (and long-lived particle: Kg and hyperons).

* Better vertex fitter w.r.t Belle: treeFit (simultaneous fit of all vertices in a decay chain).

_ : - = atr 0
Belle Il (428/fb,n » yy,ntn~n°) using Ty 1
4 0+ 5000 |- , 'Dat;' o E;”I;? i! E :zzg : + ID;,ta IIIIIIIIIIIIIII Eéule} ul ' I:
reference mode D™ — K¢m™: ool e Bislinary o - reliminary

3500 - WD — p*n s 428f0"
3000 | |
2500 f
2000 F
1500 f
1000 |s
500

Combinatorial

Acp(DT - ™) = (—0.07 £ 0.52 + 0.02)%
Acp(DF > ) = (—0.32 £ 0.38 + 0.02)%

Candidates per 1.75 MeV/c?
Candidates per 1.75 MeV/c?

o

the most precise results. 75 18 iss 19 1% 2 20

Vs. previous Aqp(D* — m™n) results:
Belle (791 fbt, n » wtm~nP):
o = 1.1% [PRL 107, 221801 (2011)]
LHCb (6 fb'l, n - w ™ y):
o = 0.7% [JHEP 04 (2023) 081]

LHCb (6 fbl, n — eTey): * The 04 is dominated: very promising with higher luminosity.
o = 0.8% [JHEP 06 (2021) 019]

Asymmetry
Asymmetry
16,6 o o
OLoo_ oouO
nOLOoOLOIN

* Belle Il shows a better sensitivity per luminosity.
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https://inspirehep.net/literature/916845
https://inspirehep.net/literature/916845
https://inspirehep.net/literature/916845
https://inspirehep.net/literature/916845
https://inspirehep.net/literature/2072369
https://inspirehep.net/literature/2072369
https://inspirehep.net/literature/2072369
https://inspirehep.net/literature/2072369
https://inspirehep.net/literature/1852815
https://inspirehep.net/literature/1852815
https://inspirehep.net/literature/1852815
https://inspirehep.net/literature/1852815

I _ D
Acp(llz._ — ph+h ,:.;.I' > JYt*h h ) PRD 113, 032017 (2026) (WA

» LHCb reported (U: 49" = Acp(AF —» pKTK™) — AYS (AF - prtm™) = (0.30 + 0.91 + 0.61)%
> U-spin symmetry 23 Ap(Af = pKTK) + Ap (B - 2t ntn ) =0
Acp(AE > pr¥n™) + Acp(ES > ZTKTKT) =0

> Using sampleofete™ — c¢ » (A} - f) + X, raw asymmetry:

N, (AT - f) = N,,.(A- — +
AraW= obs( C f) obs( C f)=A£g+ACp(A1_—>f)+A£

NObS(A-g - f) _ Nobs(/_\z - f)

» Control samples: to remove the common Ag:
> EF > 3thth™: At > Sththo

> At > phth™: AY > prntK—, D% > K nrntn™ (not DY - K~ n™ due to kinematic region)

[1] A. Raij et al. (LHCb Collaboration) JHEP 03 (2018) 182.  [2] Y. Grossman and S. Schacht, PRD 99 (2019) 033005; [3] D. Wang, EPIC 79 (2019) 429.
17


https://inspirehep.net/literature/2983545

ACP(/];I-_ — ph+h_, =

1)
o+
)
b~

+
~
+
S
| —

PRD 113, 032017 (2026)

* Belle Il (428/fb) result:
Acp(EF = STKYK™) =
Acp(Ef = Xtatn™) =
ACP(A+ — pK+K )

Acp(AS — prfnT) =

first Acp for 3-body SCS decays of charmed baryons

e Testing U-spin sum rules:

Acp(EF —> Xtrtr)

= (13.4 (7.0 0.9)%,

Acp(EF - XTKTK™) + Agp(A} — prntn™)

= ( 40661 0.7)%,

O+ dominated; at few percent level;

- more data desired.

~§ 6000, Bellell [ Ldt=428fb? N Pr:'_iminary
> { data -
= —— total fit AC — pK K
g 400071 - background
(3.7 +£ 6.6 +0.6)%, ; et
©
©
(9.5 + 6.8 +0.5)%, 5 2000
3
(3'9 +1.7x 0'7)%’ 924 2.26 2.28 2.30 2.32 2.34
M(AF »pK*TK~) [GeV/c?]
g 0.0 dibthy 11 ul*“ JIRITIR| udhllmiLLJu* i, ..*. g * 41
g ST *H LA A B B HH 1] ‘{W‘T”‘U 1 FW ff“T T
<-03%; 2.26 2.28 2.30 2.32 2.34
10000
Y Belle Il [ L dt =428 fb~! Preliminary
> 8000/ | data + +
+ + e g A > pn'm
+ AC’P AT - pKTK = —— total fit c
( ¢ p ) L 6000_‘ s background
% 4000
=
5 2000
9% 2.26 2.28 2.30 2.32 2.34
M(AF »prntn~) [GeV/c?]
2 01
SEJ } TPV L.t
00 JIR SRR Y | 1 I I_lit HH | TN L T |PUNSEWUNURIN [ P I Ry P l H
S R I R i R
<-035, 2.26 2.28 2.30 2.32 2.34
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https://inspirehep.net/literature/2983545

BEMRE

> Belle SMMEMBHWHRABEAL SN, REMTFRADE PR TFERT DR FHRETRE.
6 BRI O 55+ B S (/75 A b R BRI,

> HT428/fo¥iHE, IEHABIS T &FMHIESR :
> BEHRTEEARE: Dy(2317)" > DTy, DT > nTeTe”
> REFIFRTRE: AL - AK (1% 1), 82 » A%, n,7) ...
> ZERFCPEEIR: DO - KK, Dy —» nh*; Af - ph*h™,Bf - Z*h*h™ ..

> Belle i Nab "B, ETFB+B2 (2ab™") HIBIFH R FEENRYIEM R ITIE.
> BEEZEWTIEHFNTET. FRETHRERNE; s2C0PAEIR.

> AR PWA Ef 5 2 ntnt AY > AmrtnO AL > Stato—; -

> IREMHE, RRATH.

I OB T

19
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CPEE AN = @Belle I

Y= SCEGIN =
I ) =T > f)

- — _ N _Nobs(D _)f)_Nobs(E_)f)
RN CEVETCEYS ‘ A0 2 D) =0 )+ Nows @ = )

« f5lan: ete™ — cc —» D*t + anything, kB EEFIEFD - [DO - flrf IKIRICHEER,

* *H—LX)UI)J HE %‘{:&I Nobs(D*+) — Nprod(D*+) ) B(D*+ - DOT[;_) ) B(DO - f) " Edet

Nobs(D*_) = Nprod(D*_) ) B(D*_ - Eoﬂs_) ) B(EO - f) ) gdet
obs(D*+) Nops(D™7) N AD*+ n AD*+—>D°
Nobs(D™*) + Nobsw*-) prod T TCF

. ADmd s=Cos 0 HIATER SN . ALC)P R ING: §-3:

raw

s + AP *f+A”S+Af

T AR08 DO - f FASCPEEIF,
AZS'f L RS FRIRMN A FRE ; HEKRSShEMRAS . FIFEEIERTTIKE: Ategged o~ AL g+ AKT 4 AT

tagged K
A?a.nwagge Aprod + Ae Fa
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charm flavor tagging for D°

_ ot 0+ D sources
1) using D™ — D mt™ to tag the D flavor:
_ _ - 7@ Charged D*
:‘; C(] < s @ = -»D*’L(cd)’ 25% prompt
. DO(cit) = 40%
N
signal decay neutral D*
35%

2) opposite-side flavor tagging for e e~ — cc:
PRD 107, 112010 (2023)

x104

:} 0~ e @ = C =i D(ciz) {E soldecyy L BelleWsimulation  — D°
" T == B
@S“) signal decay i This charm flag tag (CFT)
\ - -, - / 2 ’ P .
5 C( < (<~ @ =~ ¢ =~ D(ij) = e | method: adding ~50% more
7 e il signal decay *
A data to D*-tag sample.

—01.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1:00

qr
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https://inspirehep.net/literature/2649274

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

vl

Charm CPV: ACP(DO - K2K2~)

BELLE

Belle IT

Acp(D° - KQK?) may be enhanced to 1% level with the SM,

/1) using D** - D°m* to tag the D flavor

by the interference of ¢ —» uss and ¢ — dss amplitudes. 3500 P 3 00
[PRD 99, 113001 (2019), PRD 92, 054036 (2015)] 2 2500 Al sig = 3
C o DK 3 W g
s [T o g Oy T o
_ ' ' -23+19 5 3 100
‘ : ', LHCb2015 N :
g -29+52+22 s 2 .
7 1 § LHCb 2021 p _ : : K
’ ( H 31+12+04+0.1 R eyl 1L [T wlli:
3 E = t ¢ t 10: 2
. i Loy CMS s e e 3
+6.3 +3.0+0.2 m(D7*) [GeV/e?] Soin KD
d Belle + Belle II 2025 . o ) . _
. | ~0.60 + 1.10 + 0.10 2) using opposite-side flavor tagging fore e~ — cc
= : LHCb 2025 [PRD 107, 112010 (2023)] For more details, see backup.
d e +1.9+ 1.0+ 0.4 v T 1y T
1 Uy L1 S 18
N LHCb average 2025 Z ol Belle ! f Lat= 42810 { & lmhi
! ~0.37 + 0.78 + 0.29 5
d : g soof # Data NSi = 20k
i World average 2025 3 —Fit g
5 T —0.17 +0.62 + 0.18 5 o} Ik 0y = 20%
- -2 2 4 300 —-Backgrou N
0 ; 00 0 L o +50%nore data
Acp(D° = KQKY?) (%] 0}
* No hints for CP violation! \—

* All experiments: o, dominated

m(K3KY3) [GeV/c?]
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https://inspirehep.net/literature/2914970

CP asymmetry using inclusive sample

* Using inclusive sample of ete™ - (AT — f) + X (with total product yield N
 observed yields: N, (AL - f) =

prod

- B(AL

_)f)'gc]lcet

Nobs (A_ - ﬂ

rod B(A_ - f) gdet

* raw asymmetry: A, 4, =

For ete™ collision, phase- space integrated product asymmetryA © =0,
but a function of cos 8* in eTe™ CMS, which is induced by (1) mterference
by ¥* or Z° contributes at the percent level ]; (2) higher-order QED <<
effects to peak sharply in the forward and backward directions [3].

Following from CP conservation in the production, the FB asymmetry must

Nobs(Ac *f)_Nobs(Ac _’f)
Nobs(Ag-_’f)_Nobs(/_\g_’f)

be an anti-symmetric function of cos 8%, i.e. Apg(cos 8*) =

— Apg(—cos8™)

= AR 4 Ap(AE > F) + AP

+
AFB in DO

rod) we have :

(if asymmetries <<1)

- KtK- .ttt @

s 0.01 [
= i

0
-0.01 |

-0.02 |

--- LO prediction

-0.03 |

-0.04
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App = a““ cos8*/(1 + cos? 9*]

_ LO value: a¢ = —2.9%

e b by e s by b e by e s b e w1

0 0.1 02 03 04 05 0.6 0.7 08
%
|cos O |
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