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I Belle and Belle II Experiments
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I Charm physics at Belle and Belle 11

Two primary mechanisms for charm production at Belle/Belle 11:
l.ete” - cC - X,
* Absolute measurements not possible without reference

» Used for most analyses due to its simplicity compared to BB processes

2.ete” > Y(4S) > BB > X,
e Precise BB cross section allows for absolute measurements
1.ete” = ccbhar

ete ™ — Cross section [nb] C
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g e
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CPV in Charm



\ ICPVinD—>1t1t

o D'on'n:
o the only channel with > 36 evidence of CPV in charm.
o The SM generates CPV through interference of a tree-level and suppressed QCD loop
amplitude Al = 1/2 (I = isospin) [Pys. Rev.D 85, 114036 (2012)].

o D'—nan’:

o [=2 and can be reached from the I= 1/2 initial state only via a Al = 3/2 transition.
o  Therefore, any observation will confirm New Physics.

o D'—n'n:
o  Can have I=0 or I=2 and hence can have nonzero direct CP asymmetries in SM.
o  Isospin sum rule:

i acp(m™m

R acp(mtm™) acp(m'm Ht?)
00

TDC Boo _ 2 B+o Tpo (By+— _ 2 Bjo _3Tp+ [ Bag By
1 i By - (TD() 3 TD_{,_) 1 5 Boo ( Tpo 3 Tp+ 1 2 Bio Tpo + Tpo

o a,,# 0, R=0: CP violation from the Al= 3/2 amplitude (New Physics!!)

(--{) 9] . . . )
o R=(0.93+3.1) X 10, uncertainty is dominated by the n°n’mode HFLAV



I CP asymmetry 1n D"‘ — Tl'+1'l'0 PRD 112, L031101 (2025)

r(D*-n*tn®)-r(p--n"n°
r(p*-n*n)+r(D--n"no)

® The physics variable that we are interested is A¢cp (Dt - wrn?) =

o _ N(Dt->ntn?)-N(D~->n~n?)
raw N(p*-ntn®)+N(D~->n~n?)

® But the variable easily accessed in exp is A

® ATT  isrelated by AFp = AT, — (Af,’,.od + AT)—> nuisance asymmetries

A]‘?m 4 forward-backward asymmetric production in e*e™ collisions of charm hadrons, due to l
y* — Z interference and higher-order QED effects, is an odd function of 0860y, (D).
= + + 7170
AT : detection asymmetry of the low-momentum tagging pions. use D™ - K gdasa control

mode to estimate this

Control mode DT - 7r+K§) (Br = (1.562 £ 0.031) %, Cabibbo-favored)
II A,Z%=AKS+A£,M+A§F
T
gg = Afqw — Aravf/ + AKS > L
1 ~—0.4%
Signa] mode AKg: 1, CP-violation in the KO-Igosystem.

2, different nuclear-interaction cross-sections for K° and K° mesons with detector.
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\ I CP asymmetry in D* - *n’

PRD 112, L031101 (2025)

Candidates per 7 MeV/c?

Asymmetry

Candidates per 14 MeV/¢?

Asymmetry

Control mod =

x10° Tagged decays x10° Null-tag decays
L5F Belle IT [ L dr = 428 fb™! 6l t Data
Preliminary — Fit
L [ Phys. backg.
! Signal mode| 4 {7 Comb. backg.
0.5 2k
0.2 { 0.1F
} A by} bt #
0 0 A
—0.2 t + t
' . AN R 5 b 114
1.8 2 2.2 1.8 2 2.2
m(z*7%) [GeV/c?] m(z* 7% [GeV/e?]
5 %10° Tagged decays 15 x10° Null-tag decays
Belle IT | L dt = 428 fb™ + § Data
Preliminary | — Fit

d | Background

5-

1.85 1.9
m(r* KY) [GeV/c?]

1.85 1.9
m(m*KY) [GeV/c]

Signal mode

Tagged Null-tag
Yield 5130+110 18510+£240
A, (-2.9£1.8)% (-0.4£1.0)%
Control mode
Tagged Null-tag
Yield 39630+300 123560+500
A, (0.54+£0.53)% | (0.33+0.30)%

* Using 428 /fb, Belle II obtain:

1. Acp(DT — 7% = [-3.9 + 1.8(star) £ 0.2(syst)] % for D*-tagged sample;
2. Acp(DY = 777%) = [—1.1 £ 1.0(star) + 0.1(syst)] % for null-tag sample.

 Combined:

Acp(DF = 7772% = [—1.8 £ 0.9(stan)=0.1(sys)] % ,

O  most precise measurement
o 1mproved precision compared to Belle’s result:

(23x1.3+£0.2)% [Phys. Rev. D 97, 011101 (2018)]




\ I CP asymmetry in D’ > &
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Control mode

PRD 112, 012006 (2025)
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- D Z 300 D
2 D cosf >0 z R cosf <0
I —— Total fit 5 — Total fit
[ I Background = 250 Il Background
200 - g
- £ 200
150 S g ..
F Preliminary 5 150 Preliminary
100 100
50 = 50

0
1.82 1.83 1.84 1.85 1.86

1.87 1.88 1.89 19
m(K 7*) [GeV/c?)

1.91

0
182 1.83 181 185 1.86 1.87 188 1.89 1.9 191
m(K 7+ [GeV/
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b AL BLELELE BLALELEN BLLELE BLEL AL B AL AL LA LA B U T T T T T L LA LELELE NLELELEN BLELEL 3 é"""' "”"1"' rrrTTrrTTTTT § E frorrrrs "'"'_l"”"""""""'-
B 2333 = Belle II | L dt = 428 fb 3 = 2500 Betlerr [ Lar- 1288t 3 ||z 9OF Betlent [ Lar-azs E 3 100f Bellell [ La= 1281 -
= ok 4 bun 1 =7 ~+ D R | Bl it 1 o, :
E. 1600 E_ — Total fit _E E 2000 :_ — Total fit _: g 0 ;_ [ ] lecakg::lund _g g 80 C [ ] B::ig:;und .
2 1400 = | =y 3 a o B - Ko 3 g 6BOF = g o i
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2 1000 - Preliminary - s f Preliminary 3 || %F Preliminary 3 : Wb Preliminary - 3
8 800 F- . 4 3 1000 £~ g 8 302— . —; i - 1
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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 A m(GeV/e] Am(GeV/e]
A m|[GeV/| A m[GeV/e]
o A, (D*'—n1%: (0.30 £ 0.72 = 0.20) %
o 15% less precise than the Belle measurement: o  The improved precision per luminosity due to Belle I1’s
_ _ ' _ . e 0
(0.030 = 0.64 = 0.10) % [Phys. Rev. Lett. 112, 211601 (2014)] better reconstruction 7 .
e R=(1.5%2.5)X 107, 20% improved precision.




. 0 0,0 PRD 111, 012015 (2025)
I Cp asymmetry in D" - KS KS PRD 112, 012017 (2025)

® The CP asymmetry (SCS)

(D’ — KYKY) —T'(D° — KUKY)

A DY KOKOY — _
CP( — g S) F(D(}—}KEKE-)+F(D{)—>K2-K2-)

* It may be enhanced to be an observable level (~1%) 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 S

(- a ? C (j

u d U d

S s

« World average: Acp(D? - K{K¢) = (-=1.9 + 1.0) % is dominated by

Belle (921 /fb): App = (=0.02 £ 1.53 £0.02 £ 0.17) %, using D’ - Kgﬂo as control mode. PRL 119, 171801 (2017)

LHCb (6 /fb): App = (=3.1£1.2+0.4+0.2) %, using D' — KTK~ as control mode. PRD 104, L031102 (2021)
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| cP asymmetry in D° - KK

PRD 111, 012015 (2025)

Signal mode
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| cP asymmetry in D° - KK

i Control mode it
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10

2.005 2.01 2.015 2.02

m(D°m*) [GeV/e?]

= (1.61 £0.27) % in Belle II.

m(K=K™) [GeV/c?]

« Combined Belle and Belle II (1.4 /ab), ACP(D0 — K;’Kg) =(-14=x13=%x0.1) %, comparable to the best
existing measurement (LHCD).

Factor of two smaller systematic uncertainty as compared

to Belle result: (-0.02+ 1.53 £ 0.02+0.17) %

|Phys. Rev. Lett. 119, 171801 (2017)]

Comparable with world’s best measurement by LHCb:

(-3.1= 1.2+ 0.4£0.2) % [Phys. Rev. D 104, LO31102 (2021)].
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| cP asymmetry in D° - KK

PRD 112, 012017 (2025)

Candidates per 1 MeV/c?

Candidates per 1 MeV/c2

1400

1200

1000}
8004
600}

400}

200}

n T T T T T
1600}

Belle J Ldt = 980 fb™"

¢+ Data
— Fit
I DP—KK
—- Background

1.9 1.95

2

m(KeKY) [GeV/d)

 Bellell J.Ldt _ 428" |

¢+ Data
— Fit
TP KKS
—- Background

l 1.9‘ - ‘1.95‘
m(KeKY) [GeV/?

2

Candidates per 0.01

Candidates per 0.01

800 *
700 —
600
500
400

300

e rln,

Ll"‘_,JL,_']_.-l'.r- Iﬂfrl_u']mr" ..J'[r"'-.

Belle J Ldt =980 fb" ¢

t

Using charm
flavor tagger

e Events used in the previous analysis are removed.

e D’—K'm suppressed using S_. (K,).

Combine Belle and Belle II:

200 ]F“Hmﬂ o . 5
ool il i g H
e Ap(DY" > KIKY) =(1.3+£2.040.3)%
| " Method Acp [%]

o D*-tag 14%1320.1

ol CFT-tag 1.3£2.0£0.3

o Combination | -0.6 +1.1+0.1

jg o  Most precise determination till date.
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\ I CP asymmetry in D° > 't m

0

Preliminary result

e SCS three-body decay, interference of several amplitude
e Signal: D™ tagged sample for D’ »n*nn
e Control mode: tagged and untagged D° —K'r*

e Simultaneous fit to (Am, m(n"mn’)) in 8 bins of cosf, .

averaged symmetrically around 0 to remove the
production asymmetry

0

o A_, (D'>ama’): (0.29+0.27 +0.13) %

O
O

Most precise measurement till date
34% more precise than BABAR with just 10%

more statistics
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I CP asymmetry in £/

Y*h*h™ and A - ph*th™

First measurement of A cp

DX = f) = I

Ace (X = 1) T(XF — f+) + I

Xe=17)
Xo = f)

Measured A p:
Acp (E: — Z+K+ )
Acp(Ef = xtatr)
Acp (A+ — pK+ )
Acp (A+ Sprtw )=

(3.7 £ 6.6 + 0.6)%,
(9.5 & 6.8 & 0.5)%,
(3.9+ 1.7+ 0.7)%,
0.3+ 1.0+ 0.2)%,

U-spin symmetry with 7% precision:

Acp(EF 5> X 7t 7)) + Acp(AT - pKTK ™) = (13.4+£7.0+0.9)%,
Acp(EF - XTKTK™) 4+ Acp(AT - prtn™) =(4.0+6.6+0.7)%,

e Their uncertainties are mainly statistical.

e Future measurements using more data collected by

in SCS three-body charm baryon decays.

Candidates per 1.4 MeV/c?

Asymmetry

Candidates per MeV/c?

Asymmetry

will be important for CP violation and testing U spin.
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\ I Summary of CPV in charm

Channel

DO - 00

Acp
(+0.3+0.7+0.2)%
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Charm baryon decays
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= 42 3
- | P P

24

2.45 25 2.55
M(z°r*) [GeV/c?]
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0
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100 |— (b2) —e— Data ]
| - Total Fit .
..... Combinatorial
- Background T
Y | foree R CNITY e
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o et
2 e ]
24 2.45 25 255
M(AT") [GeV/c?]
= (C2) —— Data i
- - Total Fit B
10— e Combinatorial —
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- 2K, E0n,Z0K T ,pK o, AT, X0x Y

Ratio of BF between signal and reference mode:

15000 —

10000 —

Events/4.0 [MeV/c?]

[4]
[=]
=]
=]

B

sig

!
Ysig X Bsig

JHEP08(2025)195
—— Data ] | —— Data
T —— Total fit — | —— Total fit
[ e Background (a) T; [ amen Background (b)
preliminary 2 ool preliminary
o
=
0
c
o 2000
w
0 " L L " 1 " 1 1 0 i
4 L 4F
=2 = 2F
n:_'gE -"" ' -|'l =, e J n:::%;l' —- "-I‘-'.- e
Y 2.45 25 255 24 2.45 25 255
M(E ') [GeV/c?] M(E %) [GeV/c?)

Improved precision

For the first time

(EF - TKY) = (0.194 £ 0.021 + 0.009 + 0.087)%.
— Z07) = (0.719 £ 0.014 4+ 0.024 + 0.322)%.
=OK ™) = (0.049 4 0.007 + 0.002 4 0.022)%.

Bref

Events/ 2.0 [MeV/c?]

yref X B;ef

MEn") [GeV/c?]

JHEP 03(2025) 061
T ouu T T T
(a) —— Data r (b) —— Data
= Total Fit ‘E‘T B = Total Fit
B «se. Combinatorial | = «=+s. Combinatorial |
2000 [— Background | % B Background
- 1000
= 0
‘3.
L oV}
. L
1000 |~ £ s00
& L
>
L
0 T M 4 A A 1 0
D=:__§EII*"_‘J"'I'T-. —l-_-ll-.l-'._.- n é E,éé"r J_l_.J_- _IJr - I.__ r‘. -li--.l._.l.-é
2.4 2.45 25 2.55 4 2.4 2.45 25 2.-5

M(E ") [GeV/c?]

(716i046i020i321)><10_

:(452j:041j:026j:203)><10_

= (1.20 £ 0.08 £ 0.07 + 0.54) x 1072

For the first time
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First or most precise measurements!

JHEP08(2025)195

0.0 0.8 1.6
B(EF = STK§)(%)

1 2 0.0 0.1 0.2
BEF - 2% 1) (%) B(EF - Z2°K) (%)

Zou et al. [4]

Geng et al. [5]

Zhao et al. [6]

Hsiao et al. (I) [7]
Hsiao et al. (II) [7]
Huang et al. [8]
Xing et al. [9]

Liu et al. (I) [10]
Liu et al. (II) [10]
Zhong et al. (I) [11]
Zhong et al. (II) [11]
CLEO Collaboration [12]

Belle and Belle 11
combined measurements

JHEP 03(2025) 061

(b)

0 1 2 3 0 b5

10 15 20
B(E:—pKY) x 10°  B(Zi—An") x 10

1 2 3 4
B(=;—3") x 10

Consistent with different predictions.

Zou et.al [12]

Geng et.al [13]
Geng et.al [14]
Huang et.al [15]
Zhong et.al (I) [16]
Zhong et.al (II) [16]
Xing et.al [17]
Geng et.al [18]

Liu [19]

Zhong et.al (I) [20]
Zhong et.al (II) [20]
Zhao et.al |21]
Hsiao et.al (I) [22]
Hsiao et.al (II) [22]

Belle and Belle 11
combined measurement
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\ IFirst observation of D;,(2317)" —» D™y

Preliminary result

2
Mass (GeV/c?)

(N

2.8

N

Ds1(2860)" ]
Ds1(2700)*
D«(2590)" IS F_)'s'g(__2575)+ B
wa).1(2536)"

2.4

-----------

* D.,(2460)*

2l

* Dw(2317)* :

L™ -
i — Godfrey/Isgur (1985)
D.* Di Pierro/Eichten (2001)
® Observed —
0 1 0 1 2° o

DK

{ DK

® D ,(2317) draws s significant attention
as 1ts mass significantly lower than
expectation

® I[ts radiative transition will provide a
direct experimental constraint on various
theoretical models.
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. IFirst observation of D%,(2317)* » Dty PO

 Target: D3;(2317)" - D;*y
« Control channel: D}((2317)* » D{n® (Br = (10019,)%)

~—~ 1500
N

 B(D}(2317)* - D}*y)

‘1’5 S .'?:'t"’l f,’;‘ﬂ LQ i :::: z:z ; ;::LTn:atoﬂaI BKG - 0
— Tota o * + +
g 4000 [— - E?:t:nlblanfl;orlal BKG (a) % (a.) L] D" Sideband B(D 50(23 17) _) D ) 71' )
0 = = Sideband = 1000
[ =° Sideban
g 2 = [7.14 £ 0.70(stat.) + 0.23(syst.)]%
2]
€ -g 500 22 A
S o 20 ® s state
L |_|=j e Y
2 N . g 18;— ¥V Molecular state
= o[- —
—« ] — L2 18 *x  Exp:7.13 £0.74
22 2.25 23 0 2.35 22'4 B R T e - WE P
M(D ;") [GeVic?] M(D:y) [GeV/c? Dé - .~ Experimental band
o 12
— 5 -
> ¥ BelleliData  —— Total Fit 10—
h‘b>-. —«— Belle Il Data cl’-.. ------ Total BKG [ | combinatorial BKG L% C
s (b) | g =F » o s o I
S |- e = g o
‘_Lt_)’ i 7° Sideband yl ) - v
= [ ~ & ‘F ¥
B m S —
+ 1000 = o0 2 +
c 0 c = v
g ‘ g’ = | | | | | | |
" 0 - : . H Sodre, () “oloy S l2g) esse lay) Tty s°’-’[431L " so"f‘ﬁejs)(%n%m
S 4 S 2f e T + . _
e e e P == = 2" —w—] Dy(2317)* could be the mixture state of pure cs
M(D; % [GeVic?] mD;*y) [Gevicl] state and molecular state.
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PRD 112 LO51101 (2025)

|BFof B+ > £.(2455)*+9%"°

* BF predicted to be 4 X 10_3 (sum rule) [NPB 345, 137 (1990)] OF of the

order 10_4 (di-quark model) [ZPC 51, 445 (1991)].

BT - Y ="
C [
These two decays proceed through a purely v | @ ~ Data - (b) ~ Data
internal W-emission: S 20F T 2 30 Tl
g E --= Total bkg HE) I .=+ Total bkg
5 y B g o 151 non-Z, bkg = 20 non-Z; bkg
- - = o aQ
- g S 2 qof 2 |
c | | | S 10}
[} = L
> 5p w |
B N }‘L t '“I l" ¢++
q 0 2.44 2:45 2:46 2.47 248 0 -0.05 (IJ 0.05
. R g X.(2455) M(Aln) [GeV/c?] AE [GeV]
0 0=0
BY — XX
C C
To date, no B decays into charmed baryon pairs  «, °F (c) ~hee _ 20F (@) ~Dele
L . . - = 10 B - Tota
containing both a sextet and an antitriplet have 3 ..f —signal 2 — signal
= ««« Total bk 15__ «« Total bk
been observed. ~ | non =’ bkg i’ non = bg
B(B* — THED) = (5.74 + 1.11 £ 042247y x 107 & 1or ‘I> § 1oF +
c o [
0 0=0 0.72 -4 o 5 >
BB’ — )E)) = (4.83 + 1.12 £ 0.37792) x 10 2 <|' ] 1|, 3 s_I JFl‘ 1'“ W\ 1 L] _|_
: : LT hat= ANES TR AN i R C 3 A, SN E
First observations! 07242 245 246 247 248 -0.05 0 0.05
M(A!) [GeV/c? AE [GeV] 23



\ I Summary

® Belle II collected 575 fb~1 of data + Belle 1 ab 1 = 1.5ab™!

® Presented recent measurements of CP asymmetries in charm:

* Consistent with CP symmetries.
* Most precise measurement of Acp(D°® > KIK) and Acp(D° — ntn~n0)
* First measurement of A.p in SCS three-body charm baryon decays

® Presented BF measurement of charmed baryons and study of the D;,(2317)
® First observation of B meson decay to a sixtet and an antitriplet charmed baryon pair.

® Belle II resumes operations in November. Stay tuned for more results!!
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I Backup

Comparison of available charm samples

Experiment Machine C.M. Luminosity Nprod Efficiency Characters
3.77 GeV 2.9 (8 —20) fb ! D%*: 107(— 108) ® extremely clean environment
B,ES]]I BEPC-II 4.18-4.23 GeV 7.3 fb! D}: 5 x 106 ® quantum coherence
(ete™) 4.6-4.7 GeV 4.5 fb! Al : 0.8 x 10° ® no boost, no time-dept analysis
K * kK
D> SuperKEKB 1 D°: 6 x 10% (— 10%1) ® high-efficiency detection of neutrals
(ete™) 10.58 GeV 0.4 (= 50) ab D(t): 108 (— 10%0) ® good trigger efficiency
— AL: 107 (— 109) © time-dependent analysis
> KEKB 1 D"+, D;: 107 0(1-10%)  © smaller cross-section than LHCb
RERE 1088 Gev 1 ab AL
BELLE T Fe v **
LHC 7+8 TeV 142 fb ! 5 x 1012 © very large production cross-section
Cb (pp) 13 TeV 6 fb! 1013 © large boost, excellent time resolution
(— 23 — 50) b1 ® dedicated trigger required
¥ kk *

Here uses U'(DO 50@3.77GeV):3.61 nb, o(DT D™ @3.77 GeV)=2.88 nb, 0'( D Ds©4.17 GeV)=0.967 nb; 0(cz@10.58 GeV)=1.3 nb where each c¢ event averagely has 1.1/0.6/0.3 DO/D+/D;|—
yields; U'(DO@CDF):13.3 ub, and (T(DO@LHCb):1661 ub, mainly from Int. J. Mod. Phys. A29(2014)24,14300518.

e BESIII, Belle Il, and LHCb experiments have their advantages for charm studies.

@ They all are continuously collecting more datasets with increased luminosity in the foreseeable future.
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\ I CP asymmetry in D" > t'nm

0

PRD 112, L031101 (2025)

® A 3.80 CPV in the pionic mode D° —» ntrm~.

» Unclear if observed CP violation can be described by the SM or not, due to large hadronic uncertainties
PRL 131, 051802 (2023) PRD 108, 036026 (2023) PRD 109, 033011 (2024)

® [sospin-related modes D* - w¥n

0

can reduce hadronic uncertainty.

® In addition, Dt - n*tr® (I = 2) is expected to have no CPV in SM

» since it does not receive QCD penguin (Al = 1/2) contribution and has suppressed electroweak penguin contribution.

History of A.,(D* — m*n?):

Belle: A., (DT -» ntn®) = (231 + 1.24 £ 0.23)%

o
[o] —

Events / ( 10 MeV/c?)
o
>

«10° __ Belle D*-tagged

v?/d.o.f. = 0.91

TP ETE LN

|||||L||EQu||||| bl
185 1.9 195 2 205
M, (GeV/c?)

17 175 18

«10° Belle null-tagged

2/d.o.f. = 1.69

PRD 97,011101(2018)

elonsyl

T CTT T PR S R
1.7 1.75 1.8 185 19 195 2 2.05
M, (GeV/c?)

LHCb: A.p(DY » n¥n®) = (-1.3 £ 0.9 £ 0.6)%

3000

Candidates / (5 MeV/c?)
> @ S 5
8 8 8 8

n
el
=]

_I“IIII::IlIIII.,IIIIIII-HllllllllllII_

_____

LHCb
9 fb!

-----

I Data
— Total
e DO
— DFomEnd
----- Pure comb.
. Real-® comb.

JHEP 06, 019 (2021)

141

| PR

m(mt

2000

2100 ”
TCO) [MeV/c?]



I CP asymmetry in DO —> 11'011'0 PRD 112, 012006 (2025)

> Belle reported Acp(D° » m%7°) = (—0.03 + 0.64 + 0.10)% using 980 fb~? datasets.

%x10°

g
tn

PRL 112,211601 (2014)

Events/(0.2 MeV/c?)
o b owm

o
tn

0.145 0.15 0.155 0.16
AM (GeV/c?)

Signal mode: A% % = Ag;”o +|AD" |+ AT control modes: D*-tagged D — K~ zt, untagged D° — K~ z™.

raw

o Afriaz =|AD YD — K=7%) + AMD® - K~z%) + AK(D° - K~z%)

raw prod

. AKzr,untag =A£»00d(DO — K_ﬂ'+) +A§x(DO — K_ﬂ'+)

raw

——

I
—)

A, (cosOq,; < 0)+A,, (cosOry > 0)
2

0 0.0\ _ 4 m7° K. ta Kr.unta
ACP(D — T ) - Ar?‘aw - (Afmw 8 _A,mw g)

, the |Production Asymmetry|is averaged out.

. UsingA/,, =

(odd function of cosfcy,)
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I CP asymmetry in DY - Kg K_g PRD 111, 012015 (2025)

0 00 - 3k
Acp(D” — K K¢) using D*-tagged sample
« Measure Aqp(D° — KgKg) based on D" — D%z* sample at Belle + Belle II (1.4 /ab).

KSKQ . KSQKS KYK— K K- . . . . . . .
e ALyt = (A, — Ay )+ Acp assuming nuisance asymmetries are made identical by kinematics

weighting.

 Main background from same-final-state D° — K 071' 7~ decays. Separate with Kg flight distance
significance L/o: S,,,;,(Kg) = log[min(L1/01, L2/02)]

min
m* I )
, L T, !oeakmg background
L. & |
T F_.-“'IS —p
Di L
t;ecayvermx T[+
B 2
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I CP asymmetry in DY - Kg Kg PRD 112, 012017 (2025)

ACP(D0 — KgKg) using opposite side charm-tflavor tagger

Cq ~ e ¢~ o — C D "H( d)"| DO(ciny =
| <

signal decay

\l/

PRD 107, 112010 (2023)

* Charm flavor tagger: novel method to tag flavor
of DY meson from other collision products (K*/u* ~G

= (] < (e @) el e )0 = signs ol doca
from other charm hadron) — new CFT-tag I@m/ ¢ . ¢ b (‘TI:) T e
independent sample. | o
h‘%cqﬂ—cﬂ—.—h— C i Do(cu) S ol decey
* q = =1, the predicted flavor 5 ;@W signal decay
* o, per-event wrong-tag probability
 Define dilution r = 1-2w. Use product qr to measure Acp. B -
« Calibrate r value using self-tagged decays (D — K~ z%) in data. Betletlsimulation T |
ol
* Use Belle + Belle II data sets (1.4 /ab), excluding D*-tagged sample. 3
* Larger background wrt D*-tag: train BDT with kinematic e
information. J
« Cut on BDT output and Smin reduce D° — Kg:fryr_ significantly. t . -

9700 —075 —050 —025 0.00 025 050 075 1.0
~e ar 29



I Search for CPV in D{;, - K¢K m*m*

JHEP 04 (2025) 036

. D(J;) — KE’K ~ntzt has a dominant intermediate process: D(*S' )= K K™ (tree, annihilation, penguin.)

These amplitudes interfere with one another, potentially giving rise to CPV

* Unlike time-integrated CPV, which is proportional to siné - singh, CPV via kinematic observables (e.g.
triple-product) is proportional to coso - sing. (0 strong phase difference, ¢p weak phase difference)

M - Pin'PkPI

\ Tﬁjxﬁk

pi

e ,M
Same. ﬁ}.
pi

* A couple of 4-body decays searched using this technique.
+ First time on D) — K{K 7"z, whose B = 0.23 % (1.53%).

N.(X>0)-N.(X<0)
N(X>0)+N(X<0)

. AYD}) =
* N is obtained from fit.

1
. Agp = E(AX(D(J;)) - A)‘((D(;)))

= (5]' X Pr) - B

NX>0-N(X<0)

AP0 = RS TN ®<0)

X is CP-conjugate of X

l T
Db—> Ksrc“n'no (CF)

D°—K*K w*x (SCS)

| T T T | T T T | T T T

I T T T
(-0.28+1.38"%2%)x107®
e [Belle] 076

(3.5:2.1)x107

i e [FOCUS/ BaBar/ LHCb/ Belle]
D’—KKgr'n (SCS) | (-1.95+1.424019%
____________________________________________________________________________________ b Bl
D'—-K . K'K'n* (CF) 5 (-3.3422.68)%
0 [Belle]
D*—=Kn*x*n® (CF) o (0.2+1.5:0.8)x10™
: [Belle]
D*—K.K*r'x (SCS) ! -2.7:+7.1)x10°
S ! gFOCUS/ B):Bar/ Belle]
D*—-K'K*z*n® (SCS) .- (2.6+6.6+1.3)x10™°
i [Belle]
D*—K'nn*n’ (DCS) - : (-1.3+4.2+0.1)%
____________________________________________________________________________________ o BellE]
D:—K_K*x*x (CF) ! -8.2:5.2)x10°
y s E EFOCUS/ B):Bar/ Belle]
D! —K*K'n*x® (CF) o (2.2+3.3:4.3)x10™°
| [Belle]
D:—K*rwn*n® (SCS) - (-1.1+2.2+0.1)%
[Belle]
| 1 1 1 | 1 1 1 | 1 | 1 | 1 | 1 | 1 1 1 | 1 1 | |
-0.06 -0.04 -0.02 0 0.02 0.04 0.06




Search for CPV in D{;, - K¢K m*m*

Candidates/(1 MeV/c?)

Candidates/(1 MeV/c?)

JHEP 04 (2025) 036

; x10° x10°
) E DY KYKTntn* — 35f DF 5 KYKFn*n*
3 N i
;| Belle data > 30F Belle data
[ Ldt =980 fb~! i} = o5F [Ldt =980 fb!
4 5o - s
: B 20f
3t ® 15f
5 o E I ..
: 2 1wf
| 3]
1 O 5F
n " 1 l L 1 1 1 L 1 n L 1 L L 1 1 1 A 1
x10° 16 210°
45F D* o KOKFntn* o b Df - K{KFntn*
4 L r
35 Belle II data % 12 Belle II data
af [Ldt=427 b = jof [Ldt=427 b}
25 7 sf
jo] F
2 © 6 F
15 = :
2 4fF
1 5 ; R
0.5 o 2 .....",; ........ i
[ T o i rn [} | TR e I T SUOTR WO
182 1.83 1.84 1.85 1.86 1.87 1.88 1.89 19 192 1.93 194 195 1.96 1.97 198 199 2
M(DY) (GeV/c?) M(D) (GeV/c?)

CTP(D+) =(-23+45+15)x1073

AZP(DF) = (0.2+£2.440.8) x 1073

' |
Db—> K*nn® (CF)

l I I +IJ 23 3
(-0.28:1 38*023), 10

* [Belle]
0 +- - : -3
- + ! 3.5:2.1)x10
D"—~K'K ' (SCS) e FOCUS/ )BxaBar/LHCbIBeIIe]
D’—K.Kgn'n (SCS) : B1E"9:'],+1 4250 h%
”b"";'k;}i;&{;:}ibm('éf)' ....................................... ¢geﬁi;5¢08)x103 ...................
D! =K K*K* (CF) i (:3.34:2.68)%
' Belle
D*—=K_Kr*t* (SCS .- -2.3+4.5+1.5)x1072
s ( ) : Belle (I1) ] s
D'-KK'x*n® (SCS) o géﬁz?.sim)xw'“
D*—=K_K*1*1 (SCS i -2.7+7.1)x10™°
e (SCS) —— FOCUS/ B)aXBar/ Belle]
D*—=K'nn*x° (DCS) E_.:§¢]4.2¢0.1 )%
.................................................................................... ... IBelle)
D!—-K_Kn*r* (CF ' 0.2:2.4+0.8)x103
s—KsK '™ (CF) ""' Belle (il) ] s
D!—=K_K'n*x (CF : -8.2+:5.2)x10°
s~ KK (CF) — FOCUS/B):Bar/BeIIe]
D;—K'K'x*n® (CF) . Egéznzls.sﬂ.s)xw'a
D:—=K'wn*x® (SCS) : (-1.122.2:0.1)%
' [Belle]
I | 1 1 | 1 1 1 | 1 I | 1 1 1 I 1 1 1 |
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Crp
ACP

No evidence for CPV found!
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I CP asymmetry in Ef > X h*h™ and AY - ph*h™

Preliminary result

® There is a U-spin sum rule equivalent to the one that connects D —» KK, rm, links the SCS
decays Ef - XTh*h™ and AY -» ph*h™ (h = K, m) [PRD 99,032005(2019)]:

le‘(A+ —>pK+K )-l—Adlr(_.C S Ytptag— )_ 0
le(A'l'—)pT[ T )_I_Ale‘ . t Syttt )_0

® Assuming U-spin symmetry:

ACP(A 4 pK+K_) +ACP(:C - Z+7T+7T )
Acp(NE » pr™m™) + Acp(ES » ZTKTKT) =

0
0
® Measurement by LHCb [JHEP03(2018)182]:

AAYS = Acp(pK~K*) — A% (pr—nt) = (0.30+£0.91 4+ 0.61)
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