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Charm production at Belle (I1)

o At Belle (Il), e"e™ mainly collide at 10.58 GeV to make Y(4S) resonance decaying into BB in 96% of the time.
@ Meanwhile, continuum processes e e~ — qg (q = u, d, s, c) have large cross sections.

@ Belle Il has two ways of charm production: (1) ete™ — c¢; (2) B — charm decays.

+a- bar
5 25 - . letedcc
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Integrated luminosity of B factories

>1ab™*
On resonance :
Y(58): 121 !
Y(4S): 711 B!
Y(3S): 37"
Y(2S): 25"
Y(1S): 6 fb!
Off reson./scan:

~100 !

~550 fb™*
On resonance:
Y(48): 433 b
Y(3S):30 b
Y(28): 14 b7
Off resonance:
~54 b

In Dec. 2024, SuperKEKB made new W.R. 5.1 x 1034 cm—2s71

Belle Il Online luminosity

[ Erecordeq dt = 575.47 [fb71]

Total integrated luminosity [fb~1

Total integrated Weekly luminosity [fb~1]

N
9
»
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Comparison of available charm samples

Experiment Machine C.M. Luminosity(fb™1) Nprod 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 45 A¥ 0.8 x10° ® no boost, no time-dept analysis
e ok
Py > SuperKEKB DO: 10° (— 10'1) @ high-efficiency detection of neutrals
(ete™) 10.58 Gev 600 (= 50000) Dé): 108 (— 10'°) © good trigger efficiency
EaleT RERE Aéu 41075)(44)110099) 0(1-10%) © timel—ldependent analys’:s LHCb
Py ) T, D ® smaller cross-section than
@ (ete ) 10.58 GeV 1000 Ak 108
BELLE F ke *k
LHC 748 TeV 142 5 x 1012 © very large production cross-section
(pp) 13 TeV 6-+9 1013 0(0.1%) © large boost, excellent time resolution
(— 23 — 50) ©® dedicated trigger required
* %k Kk *

Here uses o( DO

50@3.77Gev):3.61 nb, ¢(DF D™ @3.77 GeV)=2.88 nb, ¢(D% Ds@4.17 GeV)=0.967 nb; ¢(cz@10.58 GeV)=1.3 nb where each c¢ event averagely has 1.1/0.6/0.3 DD/DJF/D;r
yields; U(Do@CDF):l3.3 pb, and U(Do@LHCb):lﬁﬁl pb, mainly from Int. J. Mod. Phys. A29(2014)24,14300518.

o BESIII, Belle I, 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.

=
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Detector: Belle Il Vs. Belle

=

S 200 | 2400
_ 820 ECL 1680
o ee=——————PBarretPip—
Belle High Segmentation :_/fCL N coe
Outer radius of SVD CbC s £ SVD PXD(2 |
R=6cm  8em ot RS :;.é ( a[ers[
-):r::ﬂ‘te\\z:ambev ;\
SVD
Install YD — Be | |e E
PXD Qcs gl §
Bele | =
SVD )
~ e
s cDC
SVD: 4 lyrs — VXD=(PXD 2 lyrs + SVD 4 lyrs)
CDC: small cell, long lever arm ACC
ACC+TOF — TOP+ARICH ; TOFE 1T
ECL: waveform sampling E2980L

KLM: RPC — Scintillator + SiPM
(endcaps, barrel inner 2 lyrs)
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; PRL 130, 07 ; , ; PRL 131, 171803 (2023)

@ Hadron lifetimes are difficult to calculate theoretically, as they depend on nonperturbative arising from QCD.
@ Comparing calculated values with measured values improves our understanding of QCD. [(FLAG) EPJC 82, 869 (2022)]

o Based on early datasets, Belle Il reported the most precise charm lifetimes: T(DO) =410.54+1.14+0.8 fs,
T(D"T) =1030.4+4.7+3.1fs, T(D) =499.5+1.7+0.9 fs, and T(A}) = 203.20 +0.89 + 0.77 fs;
and confirmed the new charmed baryon lifetime hierarchy found by LHCb T(Qg) result.

T T Belle Il Online luminosity Exp: 7-35 - All runs

3 17.5 Integrated luminosity 600
10° B II ll mmm Recorded Weekly
eiie 15.0 e [ £ g ot = 575:47 [fb1]
‘ 500
12.5 ... Long. 1

10% 400
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<
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n
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Total integrated Weekly luminosity [fb1]
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https://inspirehep.net/literature/1971260

e ACP(DO — KSKSO)
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(B+B2) PRD 111, 012015 (2025)

Acp(D° — KOK?) measurement using D*"-tagged sample

I'(D° — KIK?) —T(D° — KOK?
o The time-integrated CP asymmetry Acp(D? — KOKQ) = (D° = Ko Ks) (7 AN )
[(D° — KOK?) + (DO — KOK?)

o It may be enhanced to be an observable level (the 1% level) within the Standard Model, due to the interference of
¢ — uss and ¢ — udd amplitudes. [PRD 99, 113001 (2019), PRD 86, 014023 (2012), PRD 92, 054036 (2015)]

S

] c d

@l
Y]

o World average: Acp(D? — KOK?) = (—1.941.0)% is dominated by
o Belle (921 fb™1): Acp = (—0.02+1.53+0.0240.17)% using D° — K27® as control mode [(Belle) PRL 119, 171801 (2017)]
e LHCb (6 fb’l): Acp = (—3.1£1.2+0.4+0.2)% using D° — KT K~ as control mode [(LHCb) PRD 104, L031102 (2021)]

o Acp(D® — KT K™): recently improved by LHCb, uncertainty < 0.1% [(LHcb) PRL 131, 091802 (2023)]

Flavor Physics Lecture, May 8, 2025 8/27
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https://doi.org/10.1103/PhysRevD.99.113001
https://doi.org/10.1103/PhysRevD.86.014023
https://doi.org/10.1103/PhysRevD.92.054036
https://inspirehep.net/literature/1599959
https://inspirehep.net/literature/1861934
https://inspirehep.net/literature/2692262

Acp(D® — KOK?) measurement using D**-tagged sample (B+B2) PRD 111, 012015 (2025)

o Measure Acp(D° — KOK?) based on D** — DOrf sample at B+B2 (totally 1.4 ab™!).

— %  N(D% — N(D) .+ =
0 . AKK _ — AD KK s
o Raw asymmetry of D — KK: Agy, = N(DP) £ N(DY) A +ACs + A
o Use D® — KK~ as control mode, and AK, K~ = AdL L AY = (6.7+£5.4) x 10°*:

o AlL(D® — K*K~) = (7.7£5.7) x 10~*: direct CP asymmetry [(LHCb) PRL 131, 091802 (2023)]
o AY = (—1.04+1.1) x 107*: CPV in mixing and in the interference between mixing and decay [(LHCb) PRD 104, 072010 (2021)]

KK KOKQ .
° A S = (Anaw® — Aﬁf“‘«,K )+ Aép K™ assuming that the nuisance asymmetries are identical between two decays, or
that they can be made so by widthing the control sample.
@ Unbinned fit to (m(D°7s), Smin) of D° and D° candidates for D° — KOK? decays.
o Flight significance variable Spin = log(min(L;/0;)): separate the peaking background D° — Ksoﬂ+ T,

+

T

A
|

LT
: -
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https://inspirehep.net/literature/2692262
https://inspirehep.net/literature/1864385

Acp(D® — KOK?) measurement using D**-tagged sample (B+B2) PRD 111, 012015 (2025)

=

3 Belle [ Ldr=980 1" 3 Belle Il [ Ldt =428 "'
2 § 3000 '
> 4000 4 D: « % Data
3 ata = E 2500 il
S 3000f B S 3 =esD'—=KIKS
‘ N -
£ omk — Non-peaking back. 2 £ 1500 — Non-peaking back.
I_‘g’ 5 g 1000
5 3
© 1000 500
4 - 4 aF Bl a 4
= 2 3 P = 2F - 2
- 7 0| - 0
$ : iz oz rr"“"'i“"""“"f"'l"""f i,
-4 - 4 B - -4
04 04 z 04 0.4
g o2t bs e 4o tad B 0.2 g 2 02 4t { d ! b one 0.2
S o3 KL t (T %2 & 5 02 } (Tl 8 [kt & WS
£ -04 04 < < -04] { ! 04
2005 201 2015 202 -5 [ 2.005 201 2015 202 -5 [ 5
m(D°x) [GeVic?) SuinKS) m(D"%) [GeVic?] KD
o Belle: Acp(D® — KOKO) = (-1.1+16+0.1)% Belle Il: Acp(D°® — KIK?) = (-2.24+2.34+0.1)%

o Combined Acp(D° — KOKQ) = (—1.441.340.1)%: comparable to the world-best result: o1pcp = 1.3%
o Belle(l1)+LHCb average: (—2.3+0.9)% vs. CMS: (6.2 +3.1)%: 2.60 diff. = preciser result needed

Candidates per 0.13

Pull

Asymmetry
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@ Using an independent sample tagged by opposite-side flavor tagging for eTe™ — c€ events [(82) PRD 107, 112010 (2023)]

o Candidates that are also reconstructed in the D*"-tagged analysis in previous slide are removed.

o Belle sample (980 fb~!):
Neig = 14490 £ 340 and Acp = (+2.5+2.7+£0.4)%

o Belle Il sample (428 fb~1):

Neig = 5180 £ 120 and Acp = (—0.1£3.0£0.3)%

@ Their combined results based on such independent sample:
Acp(D® — KOK?) = (+1.3+£2.0+£0.2)%

e Combining it with previous result from D**-tagged sample:

Acp(D® — KOK?) = (—0.6 £1.1+0.1)% most precise

Belle (1) 2025

CMS 2024

LHCb 2021 ——

——

T T
(-0.6+1.1£0.1)%
[arXiv:2504.15881]

(-3.1+1.2+0.4)%
[PRD 104 (2021) L031102]

(+6.2+3.0+0.8)%

[EPJC 84 (2024) 1264]

L
0.02

I I L
004 0.06 0.08

01

Candidates per 1 MeV/c2

Candidates per 1 MeV/c2

¢ Data
—Fit
7| D" KK

—- Bacheround
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|

195 7
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Belle Il f Ldt=428 b

D

Belle I
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0 KOKO
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—- Background
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.
195 2
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Nt 2
i 121

B, 1
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wf sl
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https://inspirehep.net/literature/2649274

e ACP(D0'+ N 7.[0,+7.[0>
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CPV searches in isospin-related D%+ — 1%+ 7% modes

@ The following sum-rule for CPV in D — 717t decays; it helps to determine the source of CPV:

R ALE(DO — ) ALE (DO — 7070) AdL (DY — 7t 0)
R m_gm) Lo(ll_gm> _zﬁ(m &)
1+ Bi— (TDO 3 Tt 1+ Boo 0 3 Tp+ 1 2 Byo TH0 + THho

e if R #0, CPV from Al = 1/2 amplitude; if R =0 and at least one A%i; # 0, CPV from a beyond-SM Al = 3/2 amplitude.
o the B’s and T have been well-measured (by BESIII/Belle Il/etc.)
° A%‘,g(DO — mt T ): precise; first evidence of direct CPV in a specific D decay (by LHCb).

e Raw asymmetry of D® — 71070 from the D** — D°r} sample:

Araw (D® — 707%) = Acp(D° — 7070) +A}§’r*o*d + AT

+ . . . . . _
° Agzd: being an odd function of cosf*, i.e. the cosine of the charmed-meson polar angle in eTe™ c.m.s

o AIS: using tagged and untagged D° — K~ 7t samples.

. . 0.0 K
o Time-integrated CP asymmetry: [Acp(D® — 7°n0) = Alg — Ag,g + Aavg'umag

ere = cos 0" < + cos > where f = 71°7°; K7T; untag.
h Agvg Af 0* <0 Af f* >0)) /2 wh f 0m0; K g

Flavor Physics Lecture, May 8, 2025
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at Belle |l (B2) arXiv .02912 (preliminary)

cosH (D >0 vs. cosH D<o

nete it f L w!

PARTEARSS

o Utilizing data split in the forward and backward bins:
Nsig = 14100 £ 130 and 11550 + 110.

o Result at Belle 11 (428 fb1)
Acp(D® — 707%) = (4+0.30 £0.72 + 0.20)%

Candidates per 4 MeVic?
Candidates per 4 MeV/c:

Preliminary
.

consistent with CP symmetry and with Belle (980 fb™1):
(—0.03 £ 0.64 & 0.10)% [PRL 112 (2014) 211601

o It's 15% less precision than Belle result; an improved
precision per luminosity which leverages Belle Il's superior
capabilities in the reconstruction of neutral pions.

Asymmeny

Preliminary

Candidates per 02 MeV/e?

@ Using our result, CP " and AY from LHCb, W.A. A”+”0
and B’s and T(D%%), we have R = (15125)><103 > > - >
It shows that this measurement improves the precision of the o - : SOOI OIS Ulo
sum rule by ~ 20% compared to the current determination  :
by HFLAV [PRD 107 (2023) 052008].

E

52s28
s

Asymanetry

LL oo

Asymanetry
LL oo

i
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https://inspirehep.net/literature/1288708

at Belle |1 ary result

Utilizing a sample of et e~ — c€ data collected by Belle Il o Split sample: D* from D** — DT 7° decay or not.
(with high momentum requirement).

A L 0+ L. 10° Tagged decays 10° Null-tag decays
Using D™ — Kt to+eI|m|nate common asymmetry 1SF Beltett fLai =428 10 p t D
sources: A}?md and A?o , thus CP asymmetry of interest: E Eizys‘b“kg.

+ .0 +.0 Kont 0 Z 1
AL = ALY — Araw + AK g
Combined result at Belle Il (428 fb™1): ;'; 03
Acp(DF — %) = (—=1.8+£0.940.1)% (most precise)

g

30% improved precision compared to Belle (921 fb™1): g 0'(2)
(4+2.31+1.24 +0.23)% [prD o7 (2018) 011101] Z -02

; ; ; 18 2 22 18 2
.due to the substantlal.ly bett(?r purity .achleved tt\rough an it [GOVIE] oty [GOVIe?]
improved event selection, which exploits Belle II's superior
performance in the reconstruction of neutral pions and Nsig = 5130+ 110 Nsjg = 18510 =+ 240
displaced charged particles. Acp = (—-39+£18+02)% Acp=(-11+£1.0+0.1)%

, Hunan Normal Univ. Flavor Physics Lecture, May 8, 2025 14/27


https://inspirehep.net/literature/1640639

(% ) AéP(D;) - KOK—mt )

(
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o CPV searches in several four-body D-decays at FOCUS,
BABAR, LHCb and Belle using the triple-product (TP):
Crp = i+ (B} ¥ B )-

M > P,PiP,P,

Di L D
' DjXPk

M - PP;P,P,
BjXPr

M
M rest &

frame Wt ﬁj

il Crp > 0: up-side > Crp < 0: down-side

Crp asymmetry: so-called ‘up-down asymmetry’

e CPVin D(t) — KK~ 7ttt never been searched.

They have large branching fractions B = 0.23%(1.53%)
= O(10%) signals expected, inspiring us to obtain their

precise aZP"dd results for the first time.

), Hunan Normal Univ.

Current World averages of all ag

T odd

: ———— ‘ ———
Db - Ksrt‘rrTF (CF) - (-0.28+1.38'52)x10°
i [Belle]
D’ K*K're'Tt (SCS) ; 352,110
T ) e fFOCUS/ BaBar/ LHCb/ Belle]
D~ K KTt (SGS) | (-1.95+1.42°0 3%
H [Belle]
D' KK'K'1* (CF) ; (-3.34+2.68)%
[Belle]
D'~ Krtrer® (CF) o §0.2¢]1.5¢0.s)x10'3
‘ Belle]
D* - KK*ret (SCS : -2.7+7.1)x10
s ( ) < T fFQCUS/ B)aBarl Belle]
D' . K'K*rt1® (SCS) : (2.66.6+1.3)x10°°
~ [Belle]
D' . K'rirtr® (DCS : (-1.3+4.2+0.1)%
TBelle]
D} - K K*rrt (CF) : -8.2+5.2)x10"
° s | }FOCUS/ E)axBar/ Belle]
D; - K*K'er® (CF) o (2.2¢3.3+4.3)<10°
; [Belle]
D; - K*rerer® (SCS) J (-1.1£2.2+0.1)%

1 [Belle]
\\\\\\\\\\\\\\\\\\\\\\\\\
-0.06 -0.04 -0.02 0.02 0.04 0.06

aT-odd
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[e]e] le]e]e]

— KQK~ "t using quadruple-product correlations

CPV searches in Dt)

o We do the first CPV search with the quadruple-product (QP): in Cap > 0: Py at left-side of P01+ (Pyo X By+) plane
Dy = KOK= s Cop = (B X Brr) - (Byo X Bt ), o
(s) s Ty Ks 7
where the subscripts (‘h’ and ‘I') denote the 7" with higher and lower [ K% / K~ ~7
+ /
momentum, respectively, of two identical 7t in the final state. / // ur / T[’ '
=
N p’t* (
@ cos 0o costly— is used for charm CPV searches; its asymmetry is the / [ : / ks /
so-called ‘two-fold forward-backward asymmetry'?. / / / {

e D— V,V, (eg. D<t> — K*0K** is a dominant process) amplitude
involves terms of
(1) d24(82)d?4(6s) sin ¢ o sin(26,) sin(26) sin ¢,
(2) d24(82)d?o(6s) cos ¢ o< sin(26,) sin(26)) cos ¢.

o two more observables for CPV searches?:

@ cosf,g cost,— Crp: same sign as cos ng cosfy— sing,

e cos BKg cos - Cop: same sign as cosGKg cos - cos ¢. \ '\ \

2Z.-H. Zhang, Phys. Rev. D 107, L011301 (2023) Cqp asymmetry: so-called ‘left-right asymmetry’.
bG. Durieux and Y. Grossman, Phys. Rev. D 92, 076013 (2015)

D
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https://inspirehep.net/literature/1387749

[e]e]e] lele]

Motivation: first CPV searches for D(J;) — KKttt JHEP 04 (2025) 036

@ We search for CPV with a set of six kinematic observables (X) linked to various decay amplitude terms.
+ .
o For D(s) decays:

1) X = Crp = pg— - (ﬁKo X ﬁ"fr): same sign as sin @.

2) X =Cor = (P~ X P, +) (ﬁKo X B, +): same sign as cos ¢.
3) X = CrpCop: same 5|gn as sm(2(p)
4) X = cos GKS cosf—.
5) X = cos GKg cosf— Crp: same sign as cosGKg cos - sin g,
6) X = cos 9K° cos B, Cop: same sign as cos GKg cos 6, cos .
e For D() decays: X = }7 P X, where 17 = —1 for (Crp, CrpCqp and cos QKS cos 0y— Crp); while 17)6<P = +1 for others.
@ The kinematic asymmetries for D(s) and D(_s) decays:
N(X>0)—NX<O0 — N(X>0)—-N(X<0
A (D+)* ( > ) ( < ) AX(D—) ( > ) 7(7< )
()7 N(X >0)+N(X<0) ()7 N(X >0)+N(X <0)

1 —
o CP-violating parameter: aj, = = (Ax — Ay) (the factor 1/2 is required for normalization) to avoid a fake signal of

CPV arising from the final state interaction (FSI) effects.

4), Hunan Normal Univ. Flavor Physics Lecture, May 8, 2025 17/27



JHEP 04 (2

Signal yield extraction of Dt

Candidates/(1 MeV/c?)

Candidates/(1 MeV/c?)

)

— KKttt

x10° x10°
D — KOKF by o spDF = KIKT it
6F S S s S
.| Belle data % 30fBelle data
[ Ldt =980 fb~ = s [ Ldt =980 fb~
4 z
% 20F
E 8
8 & 15F
z
2F T 1o
©

! s p o SF s ",

L L IO R S L ok L L L] L et

QSZ 183 184 185 186 1.87 188 1.89 19 192 193 194 195 196 1.97 198 1.99

M(D*) (GeV/c?) M(Dy) (GeV/c?)

‘e ) ‘e )
2 :F | <2k |
22 | €ot |

B B B e T e T T :

x10° 16 210°
a5t DF 5 KOKT g < £ LDF o KIKFrtr

a3 2
35 Belle Il data 1 3 12 EBelle Il data

sff Ldt =428 fb~! 2 jof [ Ldt=428fb"

25 3 % sb
o

2 P~

s g °r
T af

1 <

05 g X o 2 ; 3
s L Meeaett o ) L ok s L baseer] L b
l?82 183 184 185 1.86 187 1.88 189 1.9 192 193 194 195 196 197 198 1.99

M(D*) (GeV/c?)

M(D3) (GeV/c?)

Hunan Normal Uni

Table: Fitted signal and background yields in a window

+10 MeV/c? around the

+

nominal D(S) mass.

Dt — KK mtmt

Component Belle Belle 1I
Signal (Nsig) 44048 + 288 26738 + 199
Background (kag) 24844 + 88 8964 + 53
Ratio (Nsig/kag) 1.8 3.0

Df — KOK-mtmt

Component Belle Belle 11
Signal (V) 210743780 92000 = 393
Background (M) | 245285280 30997 + 114
Ratio (Nyy/ Noy) 0.9 23
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Measurement of A)éP(D(t) — KK~ nttnt) JHEP 04 (2

Belle I1, [ £dt = 427 b~ Preliminary

s x>0
b

> Crp and Cqp at Belle Il ([ Ldt =428 fb'):
D* - KKTntnt

¥7ri7ri

iy govey

TP pul T QP el = TP WIQP izl
E J E : § . - ) T<o
g R g S H D- D~
S S El i §
H H H H Woomer " Bowower " o " Mocee
N ey C— + ; I 7 T ]
Cyp T GOV Cop Cop [GOVI] T GeVIT) S [Gevict] i
T x>0 X<0 x>0 X<o
. — Dt Dt D D~
Table 2: Results for A%, in D(J;) — KYK~n*nt decays, where X = Crp (1), Cqp (2), i /
i \ \
CrpCqp (3), cosfkg cosbx- (4), Crpcosbigcosfx- (5), and Cqp cosfxg cos k- (6). i

The significance of the combined A%y result from A%, = 0 is listed in the last column.

Decay X  AX, (107%) at Belle A%, (1073) at Belle II  Combined A%, (107%) Significance 17" " > o
(1)  -40£59+3.0 —02+70£18 -23+45+15 0.50 ’ J\;‘

(2) -10£59+25 —04+7.0+24 —0.7£45+1.7 0.20 e~ hews T ibews e
pr (8 464459422 +06+7.0£1.3 +39+45+1.1 0.80 . - . !
(4) -47£59+£3.0 —0.6+£6.9£3.0 —29+45+21 0.60 1 xz0 xs0 } 120 A L<0

(5)  +1.9+59+20 —02+£70+19 +1.0+45+1.4 0.20 i
(6) +14.9+59+14 +7.0+7.0+1.6 +11.6 £4.5+ 1.1 2.50 e R
(1) -03+£31+13 +1.0+£39+1.1 +02+£24+08 0.10 : = T T : ]
(2)  +0.6+31+1.2 +2.04£39+14 +1.14£24+09 0.40 i[5 Yoo X0 oo
pr (3 +L5E32+14 —27+£39+17 —0.2£25+1.1 0.10 ks f\ b f\ b o

(4 —3.7£31%11 —6.3+£3.9+12 —4.7+£24%08 1.80 g
(5) —44+32+14 +0.8+£39+14 —2.2+25+1.0 0.80 T Wowen T W " e " U e
(6) -16+£31+13 —0.0£39£17 ~1.0+24£1.0 0.40 i i I | i

igure 7: Fitted distributions for Belle II D* — K$KTrtr* data, for (top to bottom)
o, Cap, CrrCap, 080xg cosbx , Cxp 0038y 03By, and Cap 08B cosOc
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direct CPV in AY — AK*, X0K*

@ The raw asymmetry of AT — AhT includes several asymmetry sources:
A (AF = AKT) me ABEZAKT L AP L A0 L AKY 4 0
A (AE = ATt e ABE N 4 ALIPT A0 4 AT 4 AR

° Aégﬁmﬁr (Aé;’p’—F ): CP asymmetry associated with AL (A) decay,

AL: detection asymmetry arising from efficiencies between A and A.

+
T 15 AKX [cosb, pT]
c “c

° Ang: removed by widthing W,
o AKT. DO s K=7+ and DF — gt
o ATY Dt 5 K=t and DO - Kt A0

+
° AQBC arises from the forward-backward asymmetry (FBA) of A production due

to 'y-ZO interference and higher-order QED effects in et e~ — ¢ collisions.

© Result: AAn, = AT (AT = AK®) — AT (AT — Anrt) =

AZL(AY — AKY) — ATE(AL — Art) = ATE (AL — AKT)
The reference mode and signal mode have nearly same A kinematic distributions,
including the A decay length, the polar angle and the momentum of the proton and

pion in the laboratory reference frame.

(Belle) Science Bulletin 68 (2023) 583

F e
K s

RS
N

5
- other backgrounds

Events / (3.5 MeV/c?)
Events / (3.5 MeV/c?)

S35 2z 2z 23 2w 24 245 25 25 2z 2z 25 2% 24 245 25
MA) (GeVic?)

Pul

— AT S\Fnu\

Events / (3 MeV/c?)

Events / (3 MeV/c?)

2 T T R T R
M@R,) (GeV/c?)

) £
| sk
| = 'E
| E

o AdL(Af — AK*) (+2.1£2.6+0. 1)%
o AlL(AY — Z°K*) = (+2.54+5.4+£0.4)%
First Ad“ for SCS two-body decays of charmed baryons.

unan Normal Univ.
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@ Measure a/& for the separate Af /A7 samples.

o Calculate At = (w4 +az)/(a,r —az-).

x10° x10°
4 A = AKT T
& 3 &
=) =)
J J
§o 2 5o
-4 b4
1t 9 i ]
1 05 0 05 1 1 05 0 05 1
cos6), €0s6),

@ Result: A%, (Af — AKT) = —0.023 £0.086 + 0.071
AL (A — Z°K*t) = +0.08 +£0.35 +0.14
First A%p results for charmed baryon SCS decays.

@ No evidence of CPV is found.

Probe A-hyperon CPV in charmed baryon CF decays, inspired
by PLB 849 (2024) 138460.

Under a reasonable assumption ap = —ag in CF decays,
C C
JL R S S
o -\ — A = Al Ac
we have A%, (A — prt) = A, (total) = Cyvrms
(=

Ac
x10° x10°
T T T T T
100} A
Ag = A
N
=1
£ 50
|2
Z
, , . 0 . \ .
-1 -05 0 05 1 -1 05 0 05 1
cos6), cos8),

Result: A%, (A — pmr~) = +0.013 £0.007 + 0.011
The first result of hyperon CPV in charm CF decays

Hunan Normal Univ.
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https://inspirehep.net/literature/2130108

es at Belle (II)

o Acp(D® — KOK?) using D** and non-D** tagged ° A)C(P(D+) — K2K~mttt): first search for this mode.

(s

samples at Belle (11):

Belle (Il) 2025
LHCb 2021 —e—

CMS 2024

—o—

1

: :
(-0.6+1.1:0.1)%
[arXiv:2504.15881]

(-3.1£1.2£0.4)%
[PRD 104 (2021) L031102]

(+6.2+3.0:0.8)%

[EPJC 84 (2024) 1264]

L I L
004 006 0.08

o1

e X = Crp/qr. CreCop. CDSGKS cosBy— (Crp/qp)-

@ most precise ag;"dd for D™ SCS decays and D, decays; and
the other A%, results: the first such measurements.

P kg (CF)

D’ K*K'Tr'Tt (SCS)

D’ K¢Kgre'Tl (SES)

L B s e e e
(0281387710

D' KT (CF)
D! KKK (CF)

D* . KK (SCS)

3.5:2.1)x10°
e (o babon ncw ety

1.95:1.42/073)%
fEg %)
0.2+1.5:0.8)x10°

> {Sened U
(334:2.087%
Beile]

(-2.3+4.5:1.5)x10°

o Acp(D%+ — 7+070) at Belle Il (428 fb1): 0" KK're (5C5) T pamenae
2 — (4030 £0.72£0.20)%  (vs. o1 = 0.65%) e T “)")%
AL = (~1.94£0.9+0.1)% (vs. 0B1 = 1.3%) B KK (6P i 0222 s0000°
An improved precision per luminosity because of superior performance in D; - KoK (CF) — f;%gagf%):s‘s;;cuc]

D; - K'K'rer® (CF) ——— gﬁg«.sﬂ.smn"

D; - K'rire T (SCS) — 1 . (Lm22:00%

@ CPV in charmed baryon decays at Belle Il: results on the e D_.‘,:eue] TRy
road, please stay tuned. Here recall Belle result of A%—lﬁ ags

and A%, of AL — AKT, 20K,

the reconstruction of neutral pions and displaced charged particles.
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B(E% — E°PY) (P° = 7%/5 /') and a(EQ — E07O) (B+B2) JHEP 10 (2024)

@ In hadronic weak decays of charmed baryons, nonfactorizable contributions from W-emission and W-exchange
diagrams play an essential role and cannot be neglected; leading to difficulties for theoretical predictions.

=0 =0 10 : . . . . .
© For E¢ — E"h" decays, only the nonfactorizable e Parity violation study in charmed baryon decays via
amplitude contributes to the internal W-emission 1/2% — 1/2+ 4+ 07 : decay asymmetry parameter « is
and W-exchange amplitudes. related to interference between parity-violating S-wave and

a ® i g ® B parity-conserving P-wave amplitudes.

C:” laEZ-Re(S*P)/(|5\2+|P‘2)‘

o It leads to an asymmetry in the angular decay distribution:

s s dN
———— «14+a(82 = E9h%)a(E° - An®) cos Oz
@ Various approaches describe the nonfactorizable dcos 95@
effects: the covariant confined quark model, the where 050 = <f,A, _,350> in the E° rest frame.
pole model (Pole), current algebra (CA), and i
SU(3) flavor symmetry, etc. o Measurements of 3 and a: clarify the theoretical picture.
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i

P (P° = 7%/n/7') and a(E2 — &

Based on 1.4 ab™! dataset from Belle and Belle II.

Using 2 — Z~ 71" as reference mode
(obtained yields N = 5.0 x 10%)

Combining B-results from Belle/Belle || samples:
B(EQ — 59710) /Bt = 0.48 £0.02 £ 0.03

B(22 — E%)/Be¢ = 0.1140.01 £ 0.01

B(22 — E%') /Bt = 0.08 0.02 +0.01

Simultaneous fit on efficiency-corrected yields in helicity
angle bins for Belle and Belle Il samples:
a(E9 - 2070) = —0.90 +0.154+0.23
[ Belle,980fb"
30000~ ()

[ Bellell, 426 fb"

15000 (b)

< <
[=} [ o r
S 20000 S 100000
2 20000 2 %A’ZF+/
s g
10000 4 5000]
v: | v"
YT 0 05 i Y5 0 05 1
COSBEn Cosezo

Hunan Normal Uni

pull  Events per 5 MeV/c? Pul Events per 5 MeV/c?

Events per 5 MeV/c?

Pull

%
3 > 100
=
s
g
2
2
2
&
i - H
73 23 75
M(2°2°) [GeV/c]
© Belle, 980 " 0:-!- o
Sreain
oo ®) 620 | SR 2
-
g
@
)
i O i |
35 77 73 53 77 7% 26
M(=°n) [GeV/ic? M(2°n) [GeV/c?]
* _E-u..smm‘ *Data 2 Belle I, 426 fb" Data
25 (c) 5.00 s E s “soraten
-
2 o
g
2
S s
&

Pull

75 75
M(E°7) [GeVic?]

M(é"%’) [Ge\lzfc?]
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Measurement of B(Z! — BP) (B-+B2) arXiv:2503.17643, JHEP 03 (202

Belle Belle Il Belle Belle Il

Bl [ it 98301 Belenl Joa - 11911 Belle [ £t = 95301~ Belle 11 _[ Gt = 42791,

o B-measurement for six hadronic weak

® g 5 [ i
decays of Z} baryon { - R ‘. . |
. o — 3 B 2 W | g w o g
e Using 57 — E- "™ as reference mode 3 e ik B q z

@ Two CF decays:

B(ES = EYKQ)/Bret = (6.7£0.7£0.3)% <P B owen " e ™ I rr
B(EF — E971) /B = (24.8£0.5£0.9)% - - Bae [ o= ossont Bale1t_f 20 = aron=
e ! o) = wF D) B
Four SCS decays: ol T @ s TR @ g ol T P
H preliminary | 3 “of == teims preliminary H 3 S
B(EF — EOK*)/Breg = (1.7+£0.34£0.1)% : ' o ' : N :
i s S
B(EL — pKQ)/Bret = (2.47 £0.16 £0.07)% % %

(
B(EE — AnT)/Byes = (1.56 +0.14 +0.09)%
(

B(EL — 307)/Brog = (4.13 £0.26 £0.22)% g e E: e 2 e 1
o Belle Il has better resolution and mostly e e - ma0ns e ezt s foa-men
has higher significance than Belle. g . 5 é I g e
@ These SCS decays: first observed, and g L Z § ?
may provide samples for CPV searches in ~ ; 2 H
charmed baryon sector in the future. 2 2 . | ]

23 B 73 75
M) [Gevie M) [Gevict]
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f charmed ba

@ Based on B+B2 (1.4 ab’l), we reported studies of 5 CF and 4 SCS decays of E%* baryons:

JHEP 10 (2024) 045

arXiv:2503.17643

JHEP 03 (2025) 061

(b) () (d) . o Zouetal |4
" . . | Komer, Krimer (5}, Quark Sl . @ . ®) Zou et al. [12]
" [ vanov et al . L. . ’ -
< Xon Ko Geng et al. 5] - . Cong ot al. [13]
—— —— Zhao et al. [6] — —— - Ceng et al. [14]
N Heiao ot al. (1) [1] — - - Huang et al. [15]
N . . . Zhong et al. (1) [16]
R —— I Hsiao et al. (II) [7] i —— Zhong et al. (IT) [16]
= - ——— - ——+ | Huangetal[s] - . . Xing et al. [17]
- —_— - - . Geng ct al. [18]
. o Xing et al. [9] . . Liu [19]
— o ot Liu et al. (1) [10] - - - Zhong et al. (T) [20]
— — - a 3 . - - Zhong et al. (IT) [20]
= et al. [18), SU@) o Liuet al. (1D [10] —_— —— ] Zhao et al. [21]
- - - eng et al. [19], SU(3) -~ - i .
- - - Zhong et al. [20], Dingrammatic-SU(3)g Inal - Zhong et &l. (T) [11] - Hsiao et al. (1) [22]
- — - Zhong et al. [20], Trreducible-SU(3)y - Zhong ct al. (I1) [11] —— . - Hsiao et al. (11) [22]
I CLEO Collaboration [12] pi Lal Belle and Belle 1
. - —_— This measurement combined measurement
I A NARANNAN] A | | | | Belle and Belle 1T Lecwrtrior ] batosdifiotinnl LG Ll
combined
0 5 10 15 200 5 1015 2502468021418 1050 05 1 oo o8 1s 0 1 2 3 05 MW 1 o2 3 4
B(EHE) (107 BE-T 107 B 107 alEoe’s) B(Et - S KY)(%) B (%) B(EF - EK*)%) BE-PKY X 107 BEioAT) x 104 BE-E™)x10°

o These relative B’s are almost the first or most precise results, providing important inputs for theoretical studies.

—_—

e Top priority for Z. physics: precise measurement of absolute B(Z% — £~ 7") and B(E} — E-ntnt).

=

Longke LI (
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https://inspirehep.net/literature/2903318
https://inspirehep.net/literature/2859874

© Summary
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o Belle Il has collected dataset of 575 fb™! and SuperKEKB made a W.R. luminosity: 5.1 x 103 cm~2s~1

o After the first charm wave: precise charm lifetimes based on early datasets, we welcome new charm waves:

@ Charm CPV in charmed meson decays:

D° — KOK?, DO+ — 7%+ 70, and D<+5>

New flavor-tagged sample (non-D** sample); new reference

mode; new variables (Cqp); etc.

— KOK—mtmt.

@ Study of hadronic decays of charmed baryons:

B(E2 — Z0P%) and a(E2 — 2070), six

better purity/resolution and improved SNR significantly at

Belle Il compared to Belle.

o CPV in charmed baryon, rare or forbidden decay, amplitude

analysis, (semi-)leptonic decays, etc.

=

T
EL decays.

@ More results of charm physics based on current available

datasets at Belle (I1), and the final dataset (Belle Il target

luminosity 50 ab™!) in the future. Please stay tuned.

), Hunan Normal Univ.

Peak luminosity [x10¥cm2s1]

Peak luminosity

I
| N

70

[ /QCS upgrads woges g | 77 0
r nis2 61
Integrated luminosity  (delivered) / |
R i .
= nL: intsz
Projected by SuperKEKB/Belle IT / I_/J E
|40
/ 30
- J
2 / 20
F ]
/7 ]
J10
sl f ! ] o
Jan 2024 Jan 2029 Jan 2034 Jan 2039
ate
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Thanks for your attention.
i |
Dr. Longke LI (2= %4})
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m KEKB to SuperKEKB

» As 1% and 2"? generation B-factories, KEKB and SuperKEKB have many similarities, and more differences:
o Damping ring added to have low emittance positrons / use 'Nano-beam’ scheme by squeezing the beta function at the IP.
o beam energy: admit lower asymmetry to mitigate Touschek effects / beam current: X2 to contribute to higher luminosity.
o SuperKEKB achieved the luminosity record of 4.7 x 10%* cm™2s 1.

. E+4GeV36A
o+ 3.5 GEV 16A
Ee\le detector j— Belle Il
Superconducting u _— s
cavities (HER) - m
/ e-7GeV26A
GeV 1.2A P—
newbean e SUPEFKEKB
KEKB & bellows
o 4 un
100um

ARES mppé\' f
cavities (HER)

ARES copper
cavities (HER)

Add / modify RF systems _
for higher beam current SuperKEKB
‘
Low emittance positrons

to mlect | _Postron source
Damping ring

+ New positron target /
<«— e’ source cap!uresemon

Super LDw emittance gun
KEKB

KEKB
~A et ror crv

Low emittance electrons
to inject
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[e]e] lele}

Alan’s talk at CKM 2023
Why measure charm lifetimes?

Belle I

Lenz, IJMP A30 (2015)

Lenz et al., JHEP 12 (2020) 199
King, Lenz et al., JHEP 08 (2022) 241
Gratrex et al., JHEP 07 (2022) 058

Theory:
qualitatively understood in terms of simple diagrams,

e.g., ¢ — s e*v partial width gives Ge2m.5 |V 4|/(19273)
dependence. Long D* lifetime can be understood as arising
from destructive interference between spectator and color-
suppressed amplitudes. But this doesn’t include QCD...

to include QCD: calculate using the Heavy Quark Expansion

1
2mp

o) = > /(271')‘5“’(11:7 — px) (X (px)|Herr| D(pD))I?
X ps

- ' Im(DITID) where T =i [ d*e T (Hr(2) , Hor (0)}
2mp

O, o, - (O, - (O,
— r3+r5( i>+rb< ‘;>+...+161r2 (rﬁ< ';)+r.,( Z>+...)
m2 3 m3 m:

@

2N

e

Wilson coefficients I'; are expanded
in powers of a, and calculated

— o+

perturbatively N

= comparing lifetime calculations i

with measurements tests/improves

our understanding of QCD PRI _L,
o o,

A. J. Schwartz Charm lifetimes, semileptonic decays at Belle IT

1), Hunan Normal Univ.

c -
2, -
Y a—d

W
s “<‘» u
@3 = - d

Z'X is sum over final states

via optical theorem

via Heavy Quark Expansion

VeV
AN

/ N\

FANIFAN

CKM 2023 2
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https://indico.cern.ch/event/1184945/contributions/5540783/
https://indico.cern.ch/event/1184945/overview

Equalization of kinematic-parameter distributions of D — KOK?, KT K~

Longke LI (

Normalized yield (arbitrary scale)

1 " t D°—KK?

—D"—-K*K"

006  Belle simulation
0.04F

0.02 X

* L]
0.06F
Belle II simulation

0.04F

0.02F

-1 05 0 0.5
cos@(D™)

Hunan Normal Univ.

1-1

-05 0 05 1

cos@(z*)
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X-dependent efficiency in D(J;) — KKttt

cul Belle oo ol Belle L 2al Belle iy sul Belle o oul Belle o
[ S . 294 e B = B - [0 S
Soos e Soosf e Zoos g So00s |y e ——— Soos) .
Zoos Zoot Eon . Eon Zon —_
) T oty h CCar CrCar T costi,com,, cosn " 080,008,y -0080,,c086,Cy 0080,,0080, 0 0050,,0080,
ol Belle ‘o | Belle §oe | Belle fom | Belle foee oz| Belle ¢ oe o Belle foee
< os 0s o5 os o 05
5o Py S — S I 5o P,
B[ T §ow Temee Tl G et §oo . Bllagaas s L
=% o £ DR— e S St e o E T
o Gan o080, 003,G080 030,608, Cr -0080,c086,Cr 080,,CO80, o 0083,5080,Cop
“rBellell ¢ “TBelle Il fo “TBellell  'o M Belle Il ‘> CrBellell ‘o]
St O e K [ RN e L K
Soos Soos Soos| o Soos[ T H fowf
H ] A £ £
Boot Boo Sow ef Bow Booe 1
oz e e ™ oo o
R 3 h Coar Tl T costcosty. coscost 080,008, Or -0080,2055,Crp 080,600, 0. co80, 0050,
wiBellell 0o ouBelle Il 1% oufBelle Il 1% e Belle Il 1 e Belle Il 1 o Belle Il 1
) SR T, e o] 5 e —y o e o — . ——
o T paf Jafre B e e e
Sow o Zos Zowl - -
ooz e ™ o o o
Ty I3 T Tor e e e % £ g o5 T g ) T 0 0%
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