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Belle Il @ SuperKEKB

* Luminosity frontier experiment located in KEK (Japan) to
search for Physics beyond the Standard Model but also a
great laboratory to study QCD bound states — both
conventional and exotic

« ¢Te” asymmetric collision at 10.58 GeV (Y (45) resonance)
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Belle Il @ SuperKEKB (2) =

Belle 11

Vertex detector Instrumented flux return

2 layers of DEPFET pixels (PXD) and
4 layers of silicon strips (SVD)

Vertex resolution ~15um

= Electromagnetic Calorimeter
1 Energy resolution: 1.6 - 4%
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Belle luminosity (1999-2010)
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Belle Il luminosity (from 2019)
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Run resumed in Nov 2025 and is expected to continue until ~May 2026
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Outline of this talk

1. Precise charm lifetime measurements
[Phys. Rev. Lett. 127, 211801 (2021), Phys. Rev. Lett. 131, 171803 (2023),

Phys. Rev. Lett. 130, 071802 (2023), Phys. Rev. D 107, LO31103 (2023)]

2. CP asymmetry in DY — K K, search for CPVin 2 — Xth*h™ and
AT — ph™h~
[Phys. Rev. D 111, 012015 (2025), Phys. Rev. D 112, 012017 (2025),
arXiv:2509.25769]

3. Observation of new two body charm baryon modes
[JHEP 10 (2024) 045, JHEP 08 (2025) 195, JHEP03(2025) 061,

arXiv:2510.20882]}



Charm production at Belle |l

* Two production mechanism for charmed hadrons . -

 Charm fragmentation eTe™ — c¢cC

-~
«I
-

» In decays of B mesons produced at the Y (4.5)

* Large datasets

. ete™ = ¢ ~1.3 x 10° at Belle + e [\~
075 % 10° at Bele I ; E X,
« BB pairs from Y (4S) 772 x 10° at Belle +

483 % 10° at Belle I



Precise charm lifetimes

 Uses charm hadrons produced in
fragmentation ete™ — ¢C

e Boosted charm hadrons are

displaced by about 200 to 500 ym
from the interaction region (IR)

 Measurement thus relies on precise
vertexing and detector alignment

—_—

1!
production vertex
(Interaction region)




D" lifetime |fs]

D! lifetime |fs]

Precise charm lifetimes (2)

Phys. Rev. Lett. 127, 211801 (2021)
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Time-integrated CP asymmetry in D' — K K.

D* tagged D°

Opposite side Same side

['(D°->KJIKJ)-T(D°->KJKJ)

ACP(DO — KSOKSO) =

['(D9->KJKQ)+T'(DO->KIKJ) e ¢ DT

DY.“
Signal
products

e Arises from the interference of ¢ — uss and ¢ — udd

amplitudes but precise prediction requires understanding
of hadronic physics

 Expected to be at the level of ~1%
 Belle+Belle Il data sets combined

 Two Independent methods

. Same side tagging through D+ — D'zt

. Slow DV oscillation also allows opposite side tagging |
using the charm flavor tagger K+ |
[Phys.Rev.D 107 (2023) 11, 112010] ronaldecey

v
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products

Opposite-side flavor tagged D°
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Same side tagging
Phys.Rev.D 111 (2025) 1, 012015

« Flavor tag through D™t — Dz
. Main background from DY — K.t7~

» Separated using S, .. = log[min(L,/0{, L,/05)]

* Production/detection asymmetry corrected using
DY - KtK~

« 2d extended maximum likelihood fit to M(DOJZ'+) and S

g lle: Acp = (—1.1 + 1.6(stat.) + 0.1(syst.))%
| BelleIl: Acp = (—2.2 + 2.3(stat.) + O.1(syst_))% |
lle + Belle II: Acp = (—1.4 + 1.3(stat.) + 0.1(syst.))% |
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Opposite side flavor tag
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CP asymmetry in =

arXiv:2509.25765, submltted to PRD

 First search for CP asymmetries in individual

hadronic three-body charm baryon modes

Control channels: AT — pzTK~ and

D +K_ﬂ_+ - l Preliminary
| Acp(Et » Z*K*K™) = (3.7 + 6.6 £ 0.6)% |
| Ap(EF > Itntnt)= (95+ 6.8+ 0.5)% |
Acp(Af > pK*K)= 39+ 1.7+ 0.7)% |
Acp(Af > pr™n™) = (0.3 £ 1.0+ 0.2)%

 First uncertainties are statistical, second are

systematic

13

Candidates per 1.4 MeV/c”?
[ ]
=
o

Belle Il [ Ldt =428 fb~!

{ data
—— total fit
background

Preliminary

242 244 246 248 250 252 254
M(Z* =I*K*K™) [GeVic?]

205 |
g 0.0 }1%1 “ #'lll lu 1l l'l%dl “LWWM%#’LH#W
e U ”’Hf‘ff'ﬂ ‘f”?i { I
a_o ' ' ' ' ' '
<0300 242 244 246 248 250 252 254
' 6000/ Bellell [ Lat = 428 7o Preliminary
2 { data
% — total fit
a 40001 e background
n) degaghttinnnnnenest
o
-
2 2000
-~
0
v

8T 2.26 2.28 2.30 2.32 2.34

MA* = pK*K ™) [GeV/c’]

g l |
- I
E 0.0 | |
£ | Il
7 0
<035 2.26 2.8 2.30 2.3 2.34

— XTh"h”and AT — ph™h~

§15°' Belle Il [ Ldt = 428 b Preliminary
W

s {  data )

< a—

¥ 100/ total fit

T background

Q

0 | | | |

5 SOPHHpE 1T N

T

5 {1 {
c

)

U T T T T T T
Y90 242 244 246 248 250 252 254

MZ'=I*n*n~) [GeVic?)

 e————
—
_._

| || dJMH |l|“l|1|llll T|“| | || | H“l

U J
{PW rH‘met”‘{ "F!Fr'lﬂ” mnm H

0 242 244 246 248 250 252 254
Belle Il [ L dt = 428 b~ Preliminary
{ data
— total fit
----- packground
24 2.26 2.28 2.30 2.32 2.34
MA =pntn~) [Gev/c?]
24 2.26 2.28 2.30 2.32 2.34



Two body charm baryon modes

 Both Cabibbo-favored and Cabibbo-
suppressed modes have been
investigated with the Belle+Belle Il

data

* Large nonfactorizable contributions
pose challenges for theoretical

calculations
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[JHEP 10 (2024) 045, JHEP 08 (2025) 195, JHEP03(2025) 061, arXiv:2510.20882]

Decay channel

Normalization mode ratio

Branching fraction
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(4.16 + 0.91 + 0.23)%
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(6.9+03+05+1.3) x 107
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The third column assumes the following normalization mode branching fractions:
BE) - ExH)=(143+0.27)%
BEF->Exr)=29x1.3)%
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First observation of =V

JHEP 10 (2024) 045

e All three Cabibbo-favored modes are observed
for the first time in the Belle+Belle || data

0 =t

 Results relative to the = —

normallzatlon mode
| | B(E? - E°7%)/B(E® — E-1+) = (0.48 4 0.02 + 0.03]
i B(E? - 2%)/B(E? » E-n*) = (0.11 + 0.01 + 0.01) 1
" B(E? - E%9")/B(E? - E~n*) = (0.08 + 0.02 + 0.01)

* Absolute BRs assuming

BE) - Z 1) =(1.43£0.27) %

| B(E0 > E%7°) = (6.9+ 0.3+ 0.5+ 1.3) x 1073 :

B(E? - Z%)) = (1.6 £ 0.2 + 0.2 + 0.3) x 1073

| B(Z0 207) = (124 03+ 01402) x 1073 |
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Observation of 25 — X"K, E'zt and 2Kt
JHEP 08 (2025) 195 Belle Belle 11
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Belle + Belle || data

24 245 255

M(=*K2) [Gewc‘q

Belle Il [ £dt = 4279 !

—— Data

LS (d)
Broken signal

:
I
|
1
~
&

Events/d.0 (MeV/c?
8
1 LI I L LI
' V
p—
-
Q
Events/d.0 [MeV/c?|
8 8

D

+ Results relative to B> Entn

B(:;f > Z+KS°)/B(_.+ S Emtnt) = (0.067 4+ 0.007 + 0.003)

B(E? -» 2% /BEY » E ntrnt) = (0.11 + 0.01 £+ 0.01)

,. B(Hc - “°K+)/B(u+ - B n+n+) = (o 08 + 0.02 + 0. 01) 2 E- S, | B E“‘“ LA Sl i S

245 255

M(="r) [GeV/cT) M(="x+) [Gewc2|

AbSOIUte BRS assumlng Belle [ Ldt — 983.0fb? Belle Il [ Ldt — 427.9fb !

BEr - Eatn) =29£13)% = - =—x

§ ~ Total Background § v Total Background (f)
R— S— et oAt oA = = 4.70 2 - 5.50
[B(5¢ > 5*KQ) = (0.194 % 0.021 + 0.009 + 0.087)% | f - : .

IB(Ef > E%7%) = (0.728 + 0.014 + 0.027 + 0.326)% |

; l E’ % i ‘“V- - 4 -J E’ % -y p— AR__A_R -
| B(EF — E°K*) = (0.049 + 0.007 + 0.003 + 0.022)% | E’ s t piufhdiashii i
S Ao A S S A P S S M A N DS R i) 16 M(ZK*) [GeV/cT

M(=°K*) [Gewc?]



Summary

 The Belle/Belle |l data set allows to make numerous contributions to the study

of heavy QCD bound states (lifetimes, CP asymmetrles decay modes
excited states)

; r( D") 410.5 + 1. 1(s1tat.) + 0. 8(svst.) fs |
| 7(D*) = 1030.4 + 4.7(stat.) + 3. 1(syst.) fs
'T(DY) = 498.7 + 1.7(stat. ) T3 (syst.) fs

. Measurement ofthe DY, Dt DT AT QF lifetimes

(A}) = 203.20 + 0.89(stat.) + 0.77(syst.) fs
| T(Q2) = 243 + 48(stat.) + 11(syst.) fs

. CP asymmetry in D — KK

 Measurement of numerous two body charm baryon modes |

) :”71'”
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