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@ Charm Physics at Belle/Belle 11

© Branching fractions and searches for rare decays
o Di(2317)" — Dity
0 =0 = = (h=7%n,7)
0 =0 — Ah(h=7%n,n)
o = — pKY, Ar T, X0t
0 = - TTKY, =0nt Z0K*
o Al — pKir®
© Charm CP violation search
o D—rmm
o D% — gtr—x0
o D’ — KK
o = - YThth~,Af — phth™(h=m, K)
@ Korean group in Belle Il charm physics
© Summary
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Charm Physics at Belle/Belle II
oe

Charm physics at Belle and Belle Il

Belle and Belle Il operate at ete™ center-of-mass energy /s = 10.58 GeV to produce the T(4S), which decays
to BB with branching fraction > 96%.

Continuum production e*

Datasets & detector
o Belle (1999-2010): [ Ldt=980fb~*.

e~ — qq with g € {u,d, s, c} has a large cross section.
Mainly use prompt charm from e"e™ — cc(o & 1.3nb) for charm analyses, rather than charm from B decays.
Produced charm mesons and baryons: D), D). AF, =50 and Q2.

o Belle Il (2019—present): fﬁdt: 575fb~1 (Run 1: 428 fb~!); improvements over Belle(vertexing and tracking
performance, ECL cluster background suppression, and so on).

SC Solenoid
15T

Csl(T))
16 Xo

/Central Drift Chamber
small cell +He/CoHe

Si vix. det.
3/4 layer DSSD

/K. detection
14/15 layer RPC+Fe

Belle detector

KL and muon detector

Based on Resisive Plate Counler
EM Calorimeter '
Csi(TI), 6E/E: 1.6%~4%

Particle Identification
Time-of-Propagation counter (barrel)
Proximity focusing Aerogel RICH(forward)
K eff: 90%, fake 7 rate: 5%

electrons (7 GeV)

Vertex Detector
Vertex resolution: ~15m

3 positrons (4 GeV)
Central Drift Chamber

Spaia resolution: ~100im

i rosoluton: %6

r resaluton: 04%

Bolle Il TOR, arXiv:1011.0352

Belle Il detector
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Branching fractions and searches for rare decays
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Branching fractions and searches for rare decays

D:,(2317)* — Di*~ at Belle and Belle I

@ First observation.
e Motivation: mass of D (2317)" is much lower than

Dataset: Belle 980fb ", Belle Il 428fb~!
PDG: m(D%(2317)") = 2317.8 + 0.5 MeV /&

K e ook
the quark model predictions of the lowest cs mesons 3 F e e
. . P = ‘”U"*A*Jmm .
with the corresponding J~ quantum number. e =
@ Precise absolute branching fraction is unknown. 5
I Dix (100°%,) % 298 v e
I, Diy <5% Cl=90% 323 ~ 22 225 M(Difnﬂ) [2(;59\//022]‘ M(D.'y) [GeVic?]
Ts Di(2112)" e CL=50% v o 1 Belleli Data “—— Total Fit
: : . B(D}(2317)" > Di 1) Ng % e craore
@ Branching ratio measurements: B(D (2317)7 D 0) 3. :
decay chain: Df (= ¢, K*K), Di* (— Df~) 3 2
@ Comparison between theoretical predictions and & &
measurement: ===t
: P— predictions based on the MDin) (Gevic?] MDYy [Gevie?
; e light front quark model [67] Fits: Belle (top) and Belle Il (bottom).
“ Experimentalband and chiral quark model [20]

@ Ratio= (714 + 0~705tat. + O~23syst.)%

! agree with measurement un-

Branching Fraction Ratio (R) [%]

5 o

7

der the pure cs state.
Gocrg,, I’;jl[s,, B Uy W gy Wiz,

R
2 &
gy, 2055 e,
on 20y 3y tag) 203z o0t 6/35



Branching fractions and searches for rare decays
[ Je]

=0 — =%h(h = 7% n,n’) at Belle and Belle ||

@ Diagrams:
(a) Internal W emission (b) W exchange

d d 4 > —> u
d u
w
w
u u
c > > S ¢ > >
> S S —> S

S >
o CF(Cabibbo-favored) decays and only nonfactorizable amplitudes contribute to.

o For theoretical predictions, various approaches have been developed.
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Branching fractions and searches for rare decays

h(h= 7% n,7n') at Belle and Belle II

@ First observations.

PDG: m(=%) = 2470.44 + 0.28 MeV /¢

_ % 150 [—Belle, 960 16" *Deta @ Belle II, 426 b Data
@ Abundant measurements on =0 have been done by e e
Belle, including B(Z% — =~7") — use as reference. & &
@ Branching ratio measurements: H b
B(E2—=="h) _ Nooy ezt BE"—An") 3 z

BEI=-=—7+) No_ _+ ez0,  BEIAT0)B(n0—~~)B(h)

Mode Belle yield cpetie (%) Belle yield  epae 11 (%) w %
=05 Ext (363£3) x 10° 13.92£0.05 (137£2) x 102 13.38+0.03 § E
1315+ 66 1.09 £ 0.01 860 + 46 1.71+0.01 ° °
81+15 0.80 £ 0.01 60+ 11 112 £0.01 H a
=0 =0 23+6 0.46 % 0.01 8+4 0.81 % 0.01 g 2
im0 Py N ] 3 i ‘
13 e Ky e (b) 23 3 75 26 53 24 25 26
3 o) 3 M(Z°n) [GeV/c?] M(Z°n) [GeV/c?]
g z TS <o Bater '
2 2 3 c aran st 3
ER R : } g b g
& 775 75 T 755 75 2 2
M(Z 1) [GeV/c?] M(Z ) [GeV/c?] § SJ- 4} } {. 5
& &
S
Belle Belle 1T Combined 3 i 13
H | &
77 255 77

=070)/B(EY — E-at)  047+0.02+0.03 0.51+0.03+0.05 0.48+0.02 +0.03
=09)/B(° 0.10+0.02+0.01 0.14+0.02+0.02 0.1+ 0.01+0.01
= Z0)/B(E0 - Z-x*)  0.1240.03+0.01 0.06+0.03+0.01 0.08+0.02+0.01

=5 75
M(Z°7) [GeVic?]

Fits: Belle (left) and Belle Il (right).

=5 75
M(Z°7) [GeVic?]
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Branching fractions and searches for rare decays

=% — Ah(h = 7% n,7n') at Belle and Belle 1|

@ Diagrams:

Internal W emission Inner W emission Inner W emission

c d 0 Ai—>———d |, s> L,
W d

g? u g w*if’ i

e

d d }A c

s> g———————>—35
C el

W exchange

@ Theorists have provided a lot of predictions of the B, — BM decays, where B, denotes the
anti-triplet charm baryon and B(M) the octet baryon(meson).
@ All SCS(singly Cabibbo-suppressed) decays, first two observations(n and 7 ).
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Branching fractions and searches for rare decays

=% — Ah(h = 7% n,7n') at Belle and Belle 1|

@ Branching ratio measurements

o Reference mode: B(Z2 — =~77).
o Stack Belle and Belle Il data.
@ Absolute branching ratio:

PDG:m(=2) = 2470.4440.28MeV /¢

T @ T )
W %

WA (Govie] M) [GSVIE]

i

B(Z2 — M) = (5.95+1.30+0.32 + 1.13) x 10~ i
B(Z% — A ) = (3.55+1.17 £ 0.17 £ 0.68) x 10~* =

B(Z0 — An®) < 5.2 x 1074(90% C.L. limit) f ‘

uncertainties: stat., syst., and from B(Z2 — === ™).

WA (GovieT)

Theoretical predictions

PDG:m(Z2) = 2470.44+40.28MeV /

Decays Nie . Zhao et al. [15]
-— — | Lat = 088.1 1 o Bellell [ Ldt = 127.9
0= (Belle) 30230 £ 281 - ——r Geng et al. [16]
=0 5 =77t (Belle I1) 11579 + 161 o Sean

sesgranar . Zou et al. [17]

=0 Ann—

Events /13 MeV/c?]
et e

20y Ay o> mtr 262£57 ——i —e—ri Geng et al[18
20 Aol S oy Hsiao et al. (1) [19
=0 — A,y = gmtaT g =t 101 433 Hsiao et al. (1) [19]
2o Ay, s wtry H o}» 2 9 ol Zhoug et al. (I) [20]
=0 Ax® 190 + 120 R A e ™ R e { f—e— Zhong et al. (IT) [20
2t ol Geng et al. [21]
@ Theoretical predictions: various approaches with i . - o . 2
o o re Xing ef al. (1) [23;

Xing et al. (I1) [23]

Belle and Belle 11

Combined measnrements

5U(3)F Symmetry. o—r —e—i

BE - An(x107Y)  BE

BE - A)(x107) 10/35



Branching fractions and searches for rare decays

=5 — pK%, Ant, £ at Belle and Belle Il

@ Diagrams:

(a) Internal W emission (b) Internal W emission (c) External W emission
JE =
s s — d
_ K .
d T
=+ w* =+ u
¢ u ¢ c d
c d P c dAx® Zu u A/E?
u L s S s s
(d) w exchange (e) W exchange
) ko T S
d d
= wr = we
¢ d ¢ d
s u p c s A/R°
u u u u

o First observation of SCS decays =F — pK%, Art, £07F, each with significance > 100, using
the combined Belle and Belle |l samples.
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Branching fractions and searches for rare decays

=5 — pK%, Ant, £ at Belle and Belle Il

@ Use the well-measured normalization mode PDG: m(Z) = 2467.71 + 0.23 MeV /&
—_ —_ Belle [ Cdt = 98307 Belle 11_[ Cat = 427.0%°
=F— ="7TrT as the reference. _epeD - [

@ Branching-fraction ratios are determined as b, 1 i

BEfosie) Mg fz—pint Brefine 2 P
BEfo=—atat) T Nz— i Esig Biig,int * g = ER
@ Absolute branching fraction: el I |

7w 7% 75 75
Mipk?) [GeV/c?] M(pk?) (Gev/c?]

e uncertainties: statistical, systematic, and external

Belle [ Cat = 983,010 Belle 1L_[ £a = 427,

(from B(Zf — = nt7™)). g owp Y 7 T ]
Mode B [10-]
B(Z: — pkY)  (7.16+ 0.46 + 0.20 + 3.21) = = 3
B(=f — Art)  (4.52+0.41 +0.26 4 2.03) T ed T e
B(=} — $°7%)  (1.20 +0.08 £ 0.07 = 0.54) o Lenmon, CTEEETS

Events/ 2.0 [MeV/c?]

Events! 2.0 [MeV/c?]

Pul
Pul

755 77 75

2% 75
M) (Gevicd

Fits: Belle (left) and Belle Il (right).

73 75
M) (GeVic?)
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Branching fractions and searches for rare decays

=5 — pKY, Art, £ at Belle and Belle Il

@ Theoretical branching fraction predictions.

12]

J. Zou, F. Xu, G. Meng and H.-Y. Cheng, Two-body hadronic weak decays of antitriplet charmed
baryons, Phys. Rev. D 101 (2020) 014011 [arXiv:1910.13626] [NSPIRE]

(a) (b) (c) 13] C.Q. Geng, Y.K. Hsioo, C.-W. Liu and TH. Tsai, Antitriplet charmed baryon decays with SU(3)
. . - Zou et al. [12] flavor symmetry, Phys. Rev. D 97 (2018) 073006 [arXiv: 1801.03276] [iNSPIRE]
e - . Geng et al. [13] 14] C.Q. Geng, C.-W. Lin and T.-H. Tsai, Asymmetries of anti-triplet charmed baryon decays, Phys
Lett. B794 (2019) 19 [arXiv:1902.06189] [ixSPIRE].
* e Geng et al. [14] 15] F. Huang, Z.-P. Xing and X.-G. He, A global analysis of charmless two body hadronic decays for
— .- .- Huang et al. [15] anti-triplet charmed baryons, JHEP 03 (2022) 143 [Erratum ibid. 09 (2022) 087]
7 L 16 [arXiv:2112.10556] [1xSPIRE]
- - .
hong et al. (T) [16] 16] H. Zhong, F. Xu, Q. Wen and Y. Gu, Weak decays of antitriplet charmed baryons from the
.- Skt —.— Zhong et al. (IT) [1()'] perspective of flavor symmetry, JHEP 02 (2023) 235 [arXiv:2210.12728] [NSPIRE]
: 17] Z.-P. Xing, X.-G. He, F. Huang and C. Yang, Global analysis of measured and unmeasured
- . .
Xing et al. [17] hadronic two-body weak decays of antitriplet charmed baryons, Phys. Rev. D 108 (2023) 053004
- - . Geng et al. [18] [arXiv:2305.14854] [INSPIRE]
. 18] C.-Q. Geng et al., Complete determination of SU(3) amplitudes and strong phase in
- . .- 5
Liu [19] A¥ - ZK+, Phys. Rev. D 109 (2024) LOT1302 [arXiv:2310.05491) [ixSPIRE].
e g el Zhong et al. (I) [20] 19] C-W. Lin, Nonleptonic two-body weak decays of charmed baryons, Phys. Rev. D 109 (2024)
. il - Zhong et al. (II) [20] 033004 [arXiv:2308.07754] [iNSPIRE]
20] H. Zhong, F. Xu and H-Y. Cheng, Analysis of hadronic weak decays of charmed baryons in the
. . 1 Zhao et al. [21] topological diagrammatic approach, Phys. Rev. D 109 (2024) 114027 [arXiv:2404.01350]
o - . Hsiao et al. (I) [22] [SPIRE].
. . 21] H.J. Zhao, Y.-L. Wang, Y.K. Hsiao and Y. Yu, A diagrammatic analysis of two-body charmed
— hd e Hsiao et al. (IT) [22] baryon decays with flavor symmetry, JHEP 02 (2020) 165 [arXiv:1811.07265] [NSPIRE]
22] Y.K. Hsiao, Y.L. Wang and H.J. Zhao, Equivalent SU(3); approaches for two-body anti-triplet
charmed baryon decays, JHE, 202 135 . INSPIRE]
Belle and Belle 11 harmed baryon decays, JHEP 09 (2022) 035 [arXiv:2111.04124] [iNSPIRE]
combined measurement
\\\}‘\\\\‘\\\\‘\ H‘HH\HH‘HH‘HH‘ \;\QH‘HH‘HH‘H\
0 1 2 3 0 5 10 15 20 1 2 3 4

B(Ei—pK) x 10°  B(zi»An")x 10*  B(E;—I'r) x 10°
Various approaches with SU(3)r symmetry.

Several theory predictions are in tension with these values. 13



Branching fractions and searches for rare decays

=5 — XTKY =07 =0K™ at Belle and Belle Il

o Precise B measurement for =f — ¥ TK% and =f — =7 "
(both CF), and first observation of = — Z0K* (SCS).

@ Branching fractions are obtained from ratios normalized to
the reference mode B(Zf — =—ntxt):

B(=+

— ¥7K%) = (0.194 + 0.021 4+ 0.009 + 0.087)%

B(=f — =0 *) = (0.728 £ 0.014 4- 0.027 £ 0.326)%
B(=l — EOK+) = (0.049 + 0.007 4+ 0.003 £ 0.022)%
Uncertainties are statistical, systematic, and reference mode.

Mode Belle (yield)  Belle I1 (yield)

S Zoatat (487 +£4)x 102 (196 +2) x 107

= TR 288 + 41 (182 +31)

== (2782 +74) (1469 + 40)

=; = =0K! (138 +£31) (100 = 20)
@ Results are broadly

consistent with several
model predictions; none
are excluded.

Theoretical predictions

[ Zou et al. [4]
— - ke Geng et al. [5
—— — — Zhao et al. [6]
— . - Hsino ct al. (1) (7]
—— —— —e—i © Hsiao et al. (1) [7]
—— - e | Huangetal [§]
—— ol - Xing et al. [9]
o - Liw et al. (1) [10]
- Liu et al. (11) [10]
—— - - Zhong et al. (1) [11]
il | -t Zhong et al. (1) [11
R CLEO Collaboration [12]
|} | Belle and Belle 1|
CombTed
00 08 16 12 00 01 02

BE}

> SHRQ)(%) BE!

» ) %) B(EE

» ZOK)(%)

PDG: m(=]) = 2467.71 + 0.23 MeV /&

c
Balle [ it = 9s3000~!

s T Bk (a)

b W o

Eventsi4.0 [MeV/c]

Eventsi4.0 [MeV/c?]

Ballo 11_[ £at = 12701~

77 75
MK [Gevict]

Balle [ it = 9830001

=

e =5

25 75
MK (Gevic]

Balle 11 [ £at = 42190~

Eventsi4.0 [MeV/c]

Eventsid.0 [MeV/c?]

T 745 75
M) [Gevicd

Belle [ £t = 9s3.0m-1

7 75

zi z5
M) (Gevic]

Bolle 11_[ £at = 421.9m-"

()

Eventsi.0 MaVIc]

Events/4.0 [MeV/c?]

7% 75
MEK) [GeVic]

Fits: Belle (left) and Belle Il (right).

77 75
MEK) (GeV/e?]
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Branching fractions and searches for rare decays
[ ]

ANF — pK%r0 at Belle
e Diagarms: Dataset: Belle 980fb~*

a)lnternal W emission u In(ernalWexchange () Ex(ema\ W emission PDG: m(/\+) = 2286.46 £ 0. 14M9V/L2

TR |

e)Internal W exchange

£,

d) Internal W emission u u

Af > pKn DA{// 0 A*{ . S
d}40 e g o e g A ]
b

355 206 227 228 209 23 231 232

Events / 1 MeV/c?
°
R S S

pull
°

@ Examining Isospin properties of the weak interaction. Mipkc) [oevic]

@ Improves uncertainty of previous CLEO result.

BN —pK2 7°)

o With PDG value of B(A} — pK~n") = (6.24 +0.28)%,
B(NE — pKE %) = (2.12+£0.01 £ 0.05 + 0.10)%

unceratinties: stat., syst., and from B(Af — pK~ 7).

au

)

Events / 2 MeV/c?
o 3
g

pull
b o o

e e T L R O T I o s
T2z e zhd 26 248 23 282 254 2%

M(pK3n?) [GeV/c?]
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Charm CPV
[ le]

Outline

© Charm CP violation search
o D—rmm
o D% — gtr—x0
o D’ — KK
o = - YThth~,Af — phth™(h=m, K)
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Charm CPV
oe

CP Violation in Charm Meson and Baryon

@ Since charm transitions probe the up-type sector, they allow us to search for CP-violating interactions that
do not appear in kaon or B-meson decays.

= r(Xc_“()_r(xc—*?)

® Acr(Xe = ) = S hrrxon

@ Raw asymmetry including production and detection asymmetries is extracted from a fit to invariant mass.
N(X, —N(Xc—F
AN = MXe=H-NIe2) ACP(XC — f) + Aprod(XC) + Adet(f) 0

N(Xc—f)+N(Xc—1) )
@ The first and only observation of CPV by LHCb [PRL122(2019)211803, PRL131(2023)091802]
AAcp(D® — KtK—,ntn~) = (—15.4 £2.9) x 10~* [5.30]
Followed by a 3.80 evidence of direct CPV in D® — 77—, )

Baryon

@ CPV searches in baryons complement meson studies.
@ Observation of CPV in b-baryon decays by LHCb [Nature643(2025)1223]
Acp(Ap — pK—mT ) = (2.45 4+ 0.46 + 0.10)%

@ U-spin sum rules, analogous to those linking D° — KT K~ and D° — 7ntx— [PRD99(2019)033005]:
ANt = pK— KT+ Ap(=F 5 Strx— ) =0 17/35




Charm CPV
[ Jele}

CP violation in D — 7w

o D — xtgp~
e This is the only decay channel in charm mesons with more than 3o evidence for CP violation.
o In the Standard Model, CP violation arises from the interference between a tree-level
amplitude and a suppressed QCD loop amplitude, involving a Al =1/2 change in isospin
[PRD 85 (2012) 114036].

o Dt — gty0
o This decay has / = 2 and can only occur from an /= 1/2 initial state through a Al=3/2

transition.
o Any observation of this decay would indicate physics beyond the Standard Model.

o D — 7070
o Can have I =0 or I =2 and hence can have nonzero direct CP asymmetries in SM.

o lsospin sum rule:
R— A‘é:,r(DO—HrJWr*) A‘é;,r(DO—MrO‘iro) A‘Cig(D+—>7T+w0)

+ '
14 0% ( Boo 2 Bio 14200 ((Bi= 2 Bio 1-37pt [ Boo  Be—
B\ 7o 37p+ Boo \ Tp0 3 Tpt 2B \ 7o T 70
where 7o and Tp+ are the lifetimes of D° and D* mesons, and By _, Boo and By are the D
meson branching fractions to 77 ™, 7%7° and 7t #® decays.
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Charm CPV

(o] Je}

Dt — 7t70 at Belle Il

@ The raw asymmetry is extracted from a fit to the D Ppe m(Dtl)): ~ 1;8225’% 0-4Mev /&
invgrioant—mgisﬁdiirui)biuﬁégr_l:ﬁw_WO) .
AT = N(Dt =7+ 70)+N(D~ —7—n0) = ACP(D+ - 7T+WO)+AIQ+A7€T .

o Events are categorized into D*-tagged (D** — D*7°) and
untagged samples to improve measurement precision.

@ Asymmetries from production and detection are corrected using the
control channel Dt — Ksn™.

SE Belle I [ Ldr =428 fb™

Candidates per 7 MeV/c?

Asymmetry

o Acp = (—1.8+£0.9 £0.1)% — consistent with no CP violation. e

@ The statistical precision is roughly 30% better than the previous £10 Nolbiag decsys
Belle measurement, thanks to the higher signal purity at Belle II. & A

@ The precision slightly surpasses that of the corresponding LHCb P

measurement (9fb~! dataset).

1.8 2 22

() [GeVie?] 19/35



Charm CPV
[ele] ]

D — 7070 at Belle Il

PDG:m(D°) =1864.84 £ 0.05MeV /&

e Use D*t — DO7 T to determine the D° flavor.
o And a dedicated BDT to suppress the large 4y background.

@ The raw asymmetry is determined from a fit to the D™
invariant. mass dISOUION. o~ (e satatye
A = ND (D= m0m0) [+ N[D*— — (DO —n0n0)m—] Acp(D® —

070y 4 A" 4 AT

e Raw asymmetry extracted from a fit to the D° mass and AM, the
D*t — D mass difference.

@ Production asymmetry (odd in cosfcy) removed by averaging Araw
of forward (cosfcp > 0) and backward (cosfcy < 0) decays

@ Detection asymmetries are corrected using the D° — K~ 7+ control

mode.
o Acp = (0.30 £0.72 + 0.20)% — which is only 15% less precise Left:cosHCM<0,
than BELLE but with half of the statistics. [PRL112(2014)211601] right:cosflcp > 0.

@ Isospin sum rule R = (3.1 + 2.3) x 103, precision improved by
25%, including the new result of Acp(D* — 7t 70).

20/35



Charm CPV
L]

DP — 77— 70 at Belle I

@ SCS three-body decay, interference of several amplitudes.

o Use D*t — DO7 T to determine the D° flavor.

@ The raw asymmetry is determined from a fit to the D™
invariant-mass distribution: _

Aﬂ—ﬂn—*ﬂ-" _ N[D*+—>(D°—>7r+7r*7T°)7T+]—N[D*7—>(_D0—>7'r+7r’7r0)7r*] _
N[D*+—=(D°—nt = m0)nt]+N[D*— —(DP—7tr—w0)n—]
ACP(DO — 7T+7T_7TO) + Ag* + Ag+

@ Raw asymmetry extracted from a fit to the D° mass and AM, the
D*t — D° mass difference.

@ A simultaneous fit is performed in 8 bins of cosfcpy, and Araw is
symmetrically averaged around 0 to cancel the production
asymmetry.

@ Detection asymmetries are corrected using the control channel
D — K—nt.

@ Acp =(0.29+0.27 +0.13)%

o Achieves 34% better precision than BABAR with only 10% more
integrated luminosity.
o Currently the most precise measurement of this quantity.

ASS, %]

Candidates / (0.1 MeV/c?)

Pull

Y (%]

cosfcym € [—0.208, 0)
x10"

L T T T T
AM [MeV/c?]

Belle Il Preliminary [Ldt=428fb~!

o N &8 o o

-2

-6

8 »A 6 —6 4 »é 2 0‘0 0‘2 O‘A D‘E 0.8
cosBcu (D°)
21/35



Charm CPV
[

D° — KYKY at Belle Il

PDG:m(D*")=2010.226 + 0.05MeV /c?

5000

e CP violation can be enhanced up to O(1%) due to large
interference from the W-exchange tree-level process.
o D*t-tagged Belle + Belle Il analysis:
Acp=(-14+13+01)%
@ Opposite-side tagged Belle 4+ Belle Il analysis:
Acp=(1.3£2.0+0.2)%
o Uses a novel MVA-based flavour-tagging technique exploiting
the rest-of-event information, with the output included in the

Betle | Lai 980 15"

4000 # Data
—Fit

3000

2000

Candidates per 0.2 MeV/c>

1000

Pull

bt by b b o bt
7 LA LA

Asymmetry

Laas

fit together with the D° mass. S it
o Combined analysis (D*"-tagged + Opposite-side tagged): e
Acp = (—0.6 £1.14+0.1)% PDG:m(DO‘):1864‘L84 + O‘.OSMeV/CZ
o The opposite-side tagged sample effectively adds ~40% more to0op Belle JLdr=980fb"’
statistics to the traditional D*"-tagged measurement. & :zzz i‘:“‘“ ]
o Achieves precision (statistical 4+ systematic) comparable to the 2 o} [Pk K2
latest LHCb Run 3 result (6/fb). , i

400f

200

. .
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Charm CPV

=t — Sthth, Af — phth=(h =7, K) at Belle Il

@ The production asymmetry(Ap.oq(Xc), odd in cosfcu) is eliminated by averaging raw asymmetry of

forward and backward decays:
A’ _ AN(COS9CM>0)+AN(COSGCM<0)
N =

2
Acp(Zc — Thh) = A\(Zc — Thh) — Ay(Ac — Lhh)
Acp(Ae — phh) = Ay(Ae = phh) — Ay(Ae = pr K ) — Ay(D® = 77 Kt
PDG: m(=]) = 2467.71 + 0.23MeV/c?,
PDG: m(A}) = 2286.46 & 0.14MeV /&

prelminary L amm

o First measurement of Acp in SCS three-body charm
baryon decays.
Acp(Z8 - TTK KY) = (3.7+6.6+0.6)%
Acp(Ef > Ttnnt) = (9.5+6.8+0.5)%
Acp(NE — pK™K') = (3.9 £ 1.7+ 0.7)%
Acp(ANf — pr— ) = (0.3 +£ 1.0+ 0.2)%
o Within statistical uncertainties, consistent with CP

symmetries.

o U-spin symmetry test with ~ 7% precision. .
Acp(Ae = pKK) + Acp(Zc — Trm) = (13.4 £ 7.0+ 0.9)% R e
Acp(Ae = prm) + Acp(Zc — TKK) = (4.0 £ 6.6 £0.7)% £ o m ” it

£ Ry R (ARG
203 7% B 7% B
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Korean group in Belle Il charm physics
oce

Korean group in Belle Il charm physics

Recent studies

@ Yonsei university(Prof. Youngjoon Kwon) @ Korea university(Prof. Jung-Keun Ahn)
o Search for D° — invisible: soon to be WG o A} — pK2r®: published, slide 15
review . . .
etem —s & DE:g)XfragD*+, D —s DOt @ Korea university(Prof. Eunil Won)

o Acp and B measurements in
D(t) — htw(h = 7, K): ongoing
@ Soongsil university(Prof. Doris Yangsoo Kim)

o B measurements in
D° — KK D° — KIK%n: ongoing

Events / (000295 )

e 205

5 18

e iss RG]
Min, =) [GeVic] Min, K [Gevic]

H f:!vavaM,Amwm",Mkwlwi 3 ii""‘"rf"’"""'""'i"'“ ,-,lwflr.w%
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Summary

o Belle(~1ab ™) and Belle [I(~0.5ab™") provide a eTe~ environment with high sensitivity to
SM tests and BSM searches in charm meson and baryon decays.
o Meson:
o First observation of D7)(2317)* — Di ™.
@ Search for CPV in D mesons:
Dt — 7tn0 DO — 7970 DO — 7ta—x0, DO — KgKg
e Baryon:
o First observations of =. decays:
= - ng, Art, ¥0rt =Kt
=0 — =070, =0y, =09, An, A9/
o Improved measurements of branching fractions for =c and A..
@ First measurement of Acp in singly Cabibbo-suppressed three-body charm-baryon decays:
=f = xthth—, Al = phth= (h=m,K)
o Data taking restarts two days ago; more statistics are coming.

Belle 1 Onii

Exp: 735 - All uns
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Thank you for your attention!
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B(ESsAxT) B(Ed 5% 1)

Sources 7 BEF=-ntrt)  BEI-E-ntrt)

Belle Belle I Belle Belle II Belle Belle IT
Tracking 0.7 0.7 0.7 0.7 0.7 0.7
Particle identification 0.1 0.2 0.1 0.1 0.1 0.1
Kg reconstruction 0.8 2.6 . A A A
A reconstruction 0.5 0.3 0.3 0.2 0.3 0.2
Photon reconstruction . . . . 2.0 1.1
Mass resolution 0.2 0.2 0.4 0.5 0.7 0.8
Dalitz efficiency correction 1.3 1.5 1.3 1.5 1.3 1.5
Branching fraction 0.8 0.8 0.0 0.0 0.0 0.0
Fit Uncertainty 2.5 2.5 5.9 5.9 5.1 5.1
Sum in quadrature 3.2 4.1 6.1 6.2 5.7 5.5

Table 3. Relative systematic uncertainties (%) in the measurements of branching fraction ratios. The
uncertainties due to intermediate branching fractions and fit uncertainty are common to Belle and
Belle II; the other uncertainties are independent.
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=0 — =%h(h =7 n,7)

=00)

Source —Ew)
Belle Belle I Belle Belle II  Belle Belle IT

Tracking 0.7 0.8 0.7 0.7 1.0 1.5
7+ PID 0.4 0.2 0.4 0.2 14 0.2
70 reconstruction 4.4 8.8 2.3 4.3 2.3 4.2
Photon reconstruction - - 4.0 2.0 4.0 1.9
Simulation sample size 0.8 0.7 0.9 0.9 1.2 1.0
« uncertainty 1.1 1.2 3.0 3.4 1.0 3.5
=0 signal mass window 0.5 2.0 0.5 2.0 0.5 2.0
Normalization mode sample size 1.0 1.3 1.0 1.3 1.0 1.3
Broken-signal ratio (nroken/nsig) 2.1 1.5 3.5 3.6 3.6 5.7
Broken-signal PDF 0.2 0.1 7.3 7.5 2.0 1.1
Mass resolution - - 72 7.0 2.4 1.4
Intermediate states B - - 0.5 0.5 1.3 1.3
Background shape 4.9 4.9 9.2 9.2 6.8 6.8
Total 7.2 10.6 15.3 15.6 9.9 11.2

Table 5. Fractional systematic uncertainties (%) on the relative branching-fraction results. The
uncertainties in the last two rows, due to intermediate branching fractions and background shape, are
common to Belle and Belle II; the other uncertainties are independent. Since the A — p7~ decay
is reconstructed in each decay mode, the B(A — pm~) uncertainty and the uncertainty due to the
A — pr~ reconstruction efficiency cancel in the ratio to the reference mode Z0 — =7+,
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Table II. Fractional systematic uncertainties (%) on the branching ratios from different sources. Systematic uncertainties [15] H. J. Zhao, Y. L. Wang, Y. K. Hsiao, and Y. Yu, J. High
associated with the fitting procedures are treated as multiplicative for =2 — Ay/Ay/ and as additive for the unobserved mode Energy Phys. 02, 165 (2020).

=0~ An'. The total uncertaintics are calculated by first summing the uncertainties from different sources in quadrature for [16] C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai,
Belle and Belle I1 separately, and then deriving the results from the luminosity-weighted average of these sums. J ) g
Phys. Rev D 97, 073006 (2018).

Source : ):\Zl) [17] J. Zou, F. Xu, G. Meng, and H. Y. Cheng, Phys. Rev. D
Belle  Belle II Belle 11 101, 014011 (2020).

Tracking efficiency 0.77% 1.07% 2.13% [18] C. Q. Geng, C. W. Liu, and T. H. Tsai, Phys. Lett. B

a* PID 1.49% 0.21% 0.24% 794, 19 (2019).

7 reconstruction 0.24% 1.67% 0.65% [19] Y. K. Hsiao, Y. L. Wang, and H. J. Zhao, J. High Energy

Photon reconstruction 3.35% 0.84% 0.98% Phys. 09, 035 (2022).

=’ veto 2.23% 1.02% 0.34% [20] H. Zhong, F. Xu, Q. Wen, and Y. Gu, J. High Energy

A momentum 056%  0.34% 0.68%  0.20%  0.82% Phys. 02, 235 (2023).

MG sample siza Lo 082% LOS - 067% - 045% [21] C. Q. Geng, X. G. He, X. N. Jin, C. W. Liu, and C. Yang,

Intermediate states B 047%  0.47% 0.85%  0.06%  0.06% Phys. Rev. D 109, LOT1302 (2024).

Fit procedure 5.54% 5.54% 4.84% 0.17% 0.33%
Total 5.35% 4.77% 2.04%
Normalization mode B 18.89%
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TABLE 1. Sources of systematic uncertainties for the relative
branching fraction, B(A} — pK%2°)/B(Af - pK~z™").

Sources Value (%)
Kg reconstruction 1.57
7° reconstruction 1.54
Fit function 0.60
MC statistics 0.58
Dalitz plot binning 0.68
PID of K~ and n* 0.34
Tracking of K~ and z* 0.70
Total 2.57
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Table II: Uncertainties on Acp (in %).
Source Al
SYKYK- StrtaT pKYKT prtae
Fit model 0.4 0.4 0.4 0.1
‘Weighting 0.1 0.2 0.3 0.1
Residual A, 0.2 0.1 0.1 0.1
Aa(h*h™) 04 0.2 04 01
systematic 0.6 0.5 0.7 0.2
al 6.6 6.8 1.7 1.0
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