
1

Rare and baryonic decays of charm 
hadrons at Belle and Belle II 

YoungJun Kim (Korea University) 
On behalf of Belle & Belle II Collaborations

42nd International Conference on High Energy Physics 
Prague, Czech Republic

July 20, 2024



•Asymmetric  collider 

Collision CM energies at or near   B-factories 

•Belle and Belle II detectors 
Large acceptance 

Excellent vertexing and tracking 

high-efficiency detection of neutral particles (  ) 

•Belle + Belle II data sample:  

•Large Cross section of   two charm hadrons +  

Lifetime 

 mixing 

Amplitude analysis 

CP Violation 

Search for rare decays 

Branching fraction

e+e−

Υ(4S) →

γ, π0, η . . .

ℒint = 1.5 ab−1

e+e− → cc̄ → Xfrag

D0 − D̄0

Belle and Belle II Experiments

electron  (7GeV) 

positron (4GeV) 

KL and muon detector: 
Resistive Plate Counter (barrel) 
Scintillator + WLSF + MPPC (end-caps) 

Particle Identification  
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd) 

Central Drift Chamber 
He(50%):C2H6(50%), Small cells, long 
lever arm,  fast electronics 

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps) 

Vertex Detector 
2 layers DEPFET + 4 layers DSSD 

Beryllium beam pipe 
2cm diameter 

Belle II Detector 

BELLE @ KEKB

Belle II @ SuperKEKB
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 Large charm hadron sample!→



Selected Topics
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•Rare FCNC  decays 

•  

•  

•Baryon number violation 
•

c → ul+l−

D0 → h−h(′ )+e+e−(h = K, π)
Ξ0

c → Ξ0l+l−

D0 → pl

•Branching fraction of  and  decays 

•  

•  

• ,  

•  

• , 

Ξ0
c Λ+

c

Ξ0
c → Ξ0h0(h0 = π0, η, η′ )

Λ+
c → pK0

Sπ0

Λ+
c → pK0

Sη Λ+
c → pK0

SK0
S

Λ+
c → Σ+η(′ )

Λ+
c → ΛK+ Λ+

c → Σ0K+



BABAR - -

BESIII

LHCb

SM (SD)

BSM

SM (LD)
low

high

•FCNC processes with  are suppressed in SM, good probe for NP 

•SM long-distance contributions dominate, especially near resonances. 
BSM contributions may be visible far from resonances. 

c → ull

Search for D0 → hh′ e+e−, (h = K, π)
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Long distanceShort distance

PRD 98, 035041 (2018)

Measured BFs or ULs at 90% CL [ ]× 10−7

•Search for signal candidates in  regions 

Near resonances  BR measurement 

Far from resonances (non-resonant)  Sensitive to NP

q2 = m2(e+e−)

→

→

BABAR: PRL 122, 081802 (2019)
BESIII: PRD 97, 072015 (2019)
LHCb: PRL 119, 181805 (2017) 
           PLB 517, 558(2016)

 (non-resonant)< 31

KπeeKKee ππee

KKμμ ππμμ Kπμμ
4.17 ± 0.12 ± 0.40 (ρ/ω)9.64 ± 0.48 ± 1.101.54 ± 0.27 ± 0.19

< 110 < 70 < 410

40.0 ± 5.0 ± 2.3 (ρ/ω)

q2 = m2(l+l−) [GeV/c2]



 ResultsD0 → hh′ e+e−, (h = K, π)
•New Belle Results 

Signal in  region:  (11.8 ), 
matches BABAR with higher precision and SM expectations 

90% CL upper limits set at  for other regions (best to date) 

Significant improvements than BESIII and BABAR but different  regions

ρ/ω ℬ(Kπe+e−) = (39.6 ± 4.5 ± 2.9) × 10−7 σ

(2 − 8) × 10−7

mee
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Preliminary Belle 942/fb

Preliminary

Preliminary Preliminary Preliminary

M(K−π+e+e−) [GeV/c2]

M(π−π+e+e−) [GeV/c2] M(K−K+e+e−) [GeV/c2] M(K−π+e+e−) [GeV/c2]



•Belle Result: No significant signal was observed  
but consistent with SM 

First set upper limits set at 90% CL:

SM prediction: PRD 103, 013007 (2021)

First Search for Ξ0
c → Ξ0l+l−

•No FCNC neutrino-less decays in charm baryons 
Only upper limits of  [1,2] decays were set for charmed baryons 

Both W-exchange and FCNC processes contribute. 

Theoretically more complicated than  in meson decays.  
Sensitive to Hamiltonian helicity structure through W-exchange diagrams. 

If observed, the signal channels would allow to test LFU with 

Λ+
c → pl+l−

c → ull

l = e, μ

Measured SM prediction

< 9.9 x 10-5 < 2.35 x 10-6

< 6.5 x 10-5 < 2.25 x 10-6

ℬ(Ξ0
c → Ξ0e+e−)

ℬ(Ξ0
c → Ξ0μ+μ−)

Belle 980/fb, PRD 109, 052003 (2024)
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[1] PRD 84, 072006 (2011) 
[2] PRD 97, 091101 (2018)

 candidatesΞ0 → Λπ0



D0 → pl
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Belle 921/fb, PRD 109, L031101 (2024)

•Baryon Number Violation (BNV) is a required condition to explain  
the observed matter-antimatter asymmetry in the universe 

Several BSM models[1-5] allow nucleon BNV with  

: baryon number, : lepton number 

 

•Belle Result: 
•Search for 8 channels:   with  

 tag for  determination 

 as a reference mode 

•No significant signal was observed 
•Set upper limits at  (90% CL) 

Most stringent upper limit for the electron channels to date 

First measurement for the muon channels

Δ(B − L) = 0

B L

D0/D0 → pl−, p̄l+ l = e, μ

D* D0/D0

D0 → Kπ

(5 − 8) × 10−7

2 × 2 × 2

 non-SM gauge bosonsX :

[1] PRD, 8, 1240 (1973)  [2] PRL. 32, 438 (1974)  [3] PRD 20, 776 (1979)   
[4] PLB. 91B, 222 (1980)  [5] PLB 314, 336 (1993). 
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•With a large statistics, first investigation of Dalitz plots/Intermediate states

Preliminary Belle 980/fb
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 mis-identificationD → Kπ
K*(892)

Δ++

Λ(1670)

Λ(1520)

Preliminary

Λ+
c → pK−π+

No distinct peaking structure of  in  

At , a clear structure is seen in  (continued in next page)

Σ*+ M(pK0
S)

1.5 GeV/c2 M(pπ0)

Possible resonance contributions
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N(1535)+?

Preliminary

Λ+
c → pK0

Sπ0

K*(892)

M(pπ0) = 1.5 GeV/c2

Intermediate states in Λ+
c → pK0

Sπ0



Possible  enhanced by  thresholdN(1535)+ pη
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•Enhancement near  mass threshold in  

Narrower than known width of  (~ ) 

Possibility of  threshold cusp enhanced by  

pη M(pπ0)

N(1535)+ 100 MeV/c2

pη N(1535)+

Preliminary

Belle 980/fb, 
PRD 108, L031104 (2023)

Belle 980/fb, 
PRD 103, 052005 (2021)

Λ+
c → ηΛπ+

M(pK−)

Belle 980/fb, 
PRD 103, 032004 (2023)

Λ+
c → pK0

Sη

mp + mη

N(1535)+?

Preliminary Belle 980/fb

Λ+
c → pK0

Sπ0

•Scenario analogous to  threshold cusp enhanced by  

 observed in  

 threshold cusp in  is well explained by Flatté model 

ηΛ Λ(1670)

Λ(1670) → ηΛ M(ηΛ)

ηΛ M(pK−)

Λ(1670)

Λ+
c → pK−π+

M(pπ0) M(pη) M(ηΛ)

N(1535)+ Λ(1670)

mη + mΛ



Preliminary Preliminary

Preliminary Preliminary

Preliminary Preliminary

Ξ0
c → Ξ0h0, (h0 = π0, η, η′ )
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•First Belle + Belle II combined charm measurement 
•First measurements of branching fractions 

 

 

 

•Rules out several theoretical models 
The results prefer a  - breaking model(*)

B(Ξ0
c → Ξ0π0) = (6.9 ± 0.3(stat.) ± 0.5(syst.) ± 1.3(norm.)) × 10−3

B(Ξ0
c → Ξ0η) = (1.6 ± 0.2(stat.) ± 0.2(syst.) ± 0.3(norm.)) × 10−3

B(Ξ0
c → Ξ0η′ ) = (1.2 ± 0.3(stat.) ± 0.1(syst.) ± 0.2(norm.)) × 10−3

SU(3)F

Belle Belle II

Preliminary Belle + Belle II 1.4/ab

•Several theoretical approaches(*) predicting BFs and asymmetry parameter  
to deal with non-factorizable processes 

Only non-factorizable amplitudes contribute to 

α

Ξ0
c → Ξ0h0

Internal -emissionW -exchangeW

arXiv:2406.04642 

Ξ0π0

Ξ0η

Ξ0η′ 

Ξ0π0

Ξ0η

Ξ0η′ 

(*) backup slide p16

(*) backup slide p16



Branching fraction of  decaysΛ+
c

11

•First or most precise BF measurements 
with uncertainties in  

CF decays 
 
 
 
 
 
 
 
 

SCS decays

(±stat. ± syst. ± norm.)

•  

•  

•  

•

B(Λ+
c → Σ+η) = (3.14 ± 0.35 ± 0.17 ± 0.25) × 10−3

B(Λ+
c → Σ+η′ ) = (4.16 ± 0.75 ± 0.17 ± 0.25) × 10−3

B(Λ+
c → pK0

Sη) = (4.35 ± 0.10 ± 0.20 ± 0.22) × 10−3

B(Λ+
c → pK0

Sπ0) = (2.11 ± 0.01 ± 0.05 ± 0.10) × 10−2

•  

•  

•

B(Λ+
c → pK0

SK0
S) = (2.35 ± 0.12 ± 0.07 ± 0.04) × 10−4

B(Λ+
c → ΛK+) = (6.57 ± 0.17 ± 0.11 ± 0.35) × 10−4

B(Λ+
c → Σ0K+) = (3.58 ± 0.19 ± 0.06 ± 0.19) × 10−4

Belle 980/fb, PRD 103, 032004 (2023)
Λ+

c → pK0
SK0

S Λ+
c → pK0

Sη
Preliminary Belle 980/fb

Preliminary

Λ+
c → pK0

Sπ0

Belle 980/fb, PRD 107, 032003 (2023)
Λ+

c → Σ+η Λ+
c → Σ+η′ 

(new)

Belle 980/fb,  
Science Bulletin 68, 583 (2023)

Λ+
c → ΛK+(Σ0K+)



Summary
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•Belle is still producing important measurements although its data-taking finished nearly 15 years ago 
A large amount of data samples allows significant improvement in our understanding of SM and baryon decays. 

Rare FCNC  

 

 

Baryon number violating  

Branching fraction measurements 

•  (and Intermediate structures) 

•  

•  

•  

•First Belle + Belle II combined data analysis in charm physics 
: Branching fraction 

Rules out several theoretical approaches. Preferring one of theoretical models based on -breaking

c → ul+l−

D0 → h−h(′ )+e+e−(h = K, π)

Ξ0
c → Ξ0l+l−

D0 → pl

Λ+
c → pK0

Sπ0

Λ+
c → pK0

Sη, Λ+
c → pK0

SK0
S

Λ+
c → Σ+η(′ )

Λ+
c → ΛK+, Λ+

c → Σ0K+

Ξ0
c → Ξ0h0(h0 = π0, η, η′ )

SU(3)F



Backup
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Results for  regions ( )m(e+e−) D0 → hh(′ )l+l−

BESIII
(90% CL)

< 110

< 70

< 70

BABAR

< 31*

*non-resonant region excluding 
[100,200], [491,560], [675, 875], [902,964], [1005,1035] MeV/c2
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Results of D0 → pl
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 theoretical predictionsΞ0
c → Ξ0h0

Best fit



 asymmetry parameterΞ+
c → Ξ0π0
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•  asymmetry parameter:  

 

Ξ+
c → Ξ0π0

α(Ξ+
c → Ξ0π0) = − 0.90 ± 0.15(stat.) ± 0.23(syst.)

dN
d cos θΞ0

∝ 1+α(Ξ0
c → Ξ0π0)α(Ξ0 → Λπ0)cos θΞ0

Preliminary Preliminary



 and Λ+
c → ΛK+ Λ+

c → ΣK+
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Belle 980/fb, Science Bulletin 68 (2023) 583

•Direct CPV via raw asymmetry measurements in SCS decays: 

The raw asymmetry of  includes several asymmetry sources: 
 

Using CF mode  as a reference mode,  
common asymmetry sources are canceled out. 

 
 

Similarly,  mode was used as a reference mode for .

Λ+
c → ΛK+

Araw(Λ+
c → ΛK+) = Adir

CP(Λ+
c → ΛK+)+Adir

CP(Λ → pπ−) + AΛ
ϵ + AK+

ϵ + AΛ+
c

FB

Λ+
c → Λπ+

ΔAraw = Acorr
raw (Λ+

c → ΛK+) − Acorr
raw (Λ+

c → Λπ+)
= Adir

raw(Λ+
c → ΛK+) − Adir

raw(Λ+
c → Λπ+) = Adir

raw(Λ+
c → ΛK+)

Λ+
c → Σ0π+ Λ+

c → Σ0K+

Araw(Λ+
c → ΛK+) =

N(Λ+
c → ΛK+) − N(Λ̄−

c → Λ̄K−)
N(Λ+

c → ΛK+) + N(Λ̄−
c → Λ̄K−)

•First  for SCS two-body decays of charmed baryons. 

•  

•  

•No significant direct CP violation was observed. 

Adir
CP

Adir
CP(Λ+

c → ΛK+) = (2.1 ± 2.6 ± 0.1) × 10−2

Adir
CP(Λ+

c → Σ0K+) = (2.5 ± 5.4 ± 0.4) × 10−2

•Branching fractions were measured as well 
•  

•  

B(Λ+
c → ΛK+) = (6.57 ± 0.17 ± 0.11 ± 0.35) × 10−4

B(Λ+
c → Σ0K+) = (3.58 ± 0.19 ± 0.06 ± 0.19) × 10−4

Detection efficiency correction  
between K+, K−

Acorr
raw



Flatté model
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