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Introduction (𝑵𝛀𝟑𝒔)
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Femtoscopy in 
pp collisions at LHC
(ALICE:2020mfd)

Femtoscopy in heavy-ion 
at RHIC (STAR:QM2025-763)

Lattice QCD (HALQCD:2018qyu)

Meson exchange (Sekihara:2018tsb)
quasi-bound state for !𝑆" NΩ#$

&

A Possible
Bound Dibaryon

𝑵𝛀𝟑𝒔

Further researches:
• Bound 𝑁𝑁Ω#$ and 𝑁Ω#$Ω#$

hypernuclei (Garcilazo:2019igo)
• Investigating the production of 

𝑁Ω#$, 𝑁𝑁Ω#$ and 𝑁Ω#$Ω#$ in 
Heavy Ion collisions (Zhang: 
2020dma, Zhang:2021vsf)

• ……
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Introduction (𝑵𝛀𝟑𝒄)
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Huang:2019esu

First-principles calculations from lattice QCD can provide a valuable 
theoretical prediction for such triply charmed states.

l The lowest threshold among 𝐶 = 3 dibaryons 
(∼ 5740 MeV) 

à No open channels
à Clean lattice set up to study  low-energy int.
à spin-dependent 𝑵𝛀𝟑𝒄 int. can be studied

à Implications for possible charmed rnuclei

Quark model :
𝐶 = 3 dibaryon threshold 
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HAL QCD method
Time-dependent HAL method [1,2,3] used in this 
work
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𝑅% 𝒓, 𝑡 =
𝐹% 𝒓, 𝑡

𝐺&# 𝑡 𝐺&$ 𝑡
=*

'

𝐵'
%𝜙𝒌' 𝒓 𝑒)*+𝒌&,

1 + 3𝛿-

8𝜇 𝜕,- − 𝜕, − 𝐻. 𝑅% 𝒓, 𝑡 = 6𝑑/𝒓0𝑈 𝒓, 𝒓0 𝑅% 𝒓0, 𝑡

[1] Ishii:2006ec     [2] Ishii:2012ssm 
[3] Aoki:2020bew  [4] Aoyama:2024cko
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Ishii:2013ira.

PHYSICAL POINT CALCULATION IS 
AVAILABLE NOW! [4]

Related talk: 11st 10:15 Doi 
Related talk: 11st 15:05 Murakami 
Related talk: 13rd 09:00 Hatsuda



Gauge Configurations (at 𝑚𝜋≃137MeV)
Here we using HAL-conf-2023[1] configuration which enable lattice simulations at the physical point 
on a large lattice volume and with a large number of ensembles.
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[1] Aoyama:2024cko  [2] Aoki:2001ra

ü (2	+	1)-flavor	nonperturbatively	improved	Wilson	fermions	
with	stout	smearing

ü the	Iwasaki	gauge	action
ü 8,000 trajectories 

ü lattice size  961, corresponding to 8.1fm 1

ü 𝑚2 ≃ 137 𝑀𝑒𝑉, 𝑚3 ≃ 502 𝑀𝑒𝑉 (at the physical point)
ü Physical charm mass with  relativistic quark action (RHQ) [2]
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𝑁Ω!" potentials (channel dependence)

∑
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𝑁Ω!" potentials (spin decomposition)
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ØThe spin-dependent potential makes a 
significant contribution at short distances.

ØThe spin-independent potential gives a 
dominating contribution for whole distance.
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𝑁Ω$% phase shift Attractive but No Bound State 
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mean values and statical errors from 𝑡/𝑎 = 17; systematic errors from 𝑡/𝑎 = 16 & 18.
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Comparison between 𝑁Ω!" and 𝑁Ω!#
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4𝑆- 𝑵𝛀𝟑𝒄 (Fconf) potential exhibits a 
similar shape but is 2–5 times less 
attractive compared to the 4𝑆- 𝑵𝛀𝟑𝒔
(Kconf)[1]

There are two possible reasons:

u Long range:  two-K exchange vs. 
two-𝐷 exchange.

u Short distances: chromo-magnetic 
interaction inversely proportional to 
the constituent quark mass[2]

[1] HALQCD:2018qyu [2] Oka:1986fr

𝑵𝛀𝟑𝒄
𝑵𝛀𝟑𝒔
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Comparison between 𝑁 −Ω!" and 𝑁 − 𝐽/𝜓
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Ø Observed similarity between the 𝑁Ω/8
and 𝑁 − 𝐽/𝜓 potentials. 

àcommon 2-pion mechanism[2] ?

Ø The plateau indicates the ratio of the 
coupling strength to the gluons[3,4]

between  Ω/8 and 𝐽/𝜓 ?

[1] Lyu:2024ttm [2] Hatsuda:2025djd  [3] Brambilla:2015rqa [4] Dong:2022rwr

[1]
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Summary
u Physical-point lattice QCD simulation to analyze the 𝑵𝛀𝟑𝒄 interaction with HAL QCD method.

u 𝑵𝛀𝟑𝒄 /𝑆9 and 4𝑆- effective potentials and phase shifts.

ØOverall attraction in both channels

ØDominated by spin-independent potential 𝑉., 

with a short-range spin-dependent potential 𝑉:
ØNo bound state found in 𝑵𝛀𝟑𝒄 system
Ø 𝑵𝛀𝟑𝒄 potential is weaker than𝑵𝛀𝟑𝒔
Ø𝑉. for 𝑵𝛀𝟑𝒄 is similar to 𝑁𝐽/𝜓

⇒ possibly governed by the same soft-gluon/two-pion mechanism?

Øcharm mass dependence of 𝑉. of 𝑵𝛀𝟑𝒄 is also observed 

ØPossibility of 𝛀𝟑𝒄 charmed nuclei with an intermediate mass nuclei, e.g. 9-𝐶 ?
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Comparison of 𝑉! between different charm mass for 𝑁Ω"""
system
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Ø Charm quark mass dependence is 
found in the spin-independent 𝑁Ω/8
potential 

Ø The obtained ratio between these 
two sets of potential may imply that 
the charm quark mass dependence 
is described by an approximate 9

;!"#
scaling.
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Ω%%% charmed nuclei

2025/11/13 14

Core nuclei
𝛀𝟑𝒄 separation energy / MeV
w/o coulomb w/ coulomb

$%𝐶 8.31(2.26) 0.127(-)
%&𝑆𝑖 10.7(2.45) -
'(𝐶𝑎 11.5(2.51) -
)&𝑁𝑖 12.4(2.61) -
*(𝑍𝑟 12.8(2.61) -
%(&𝑃𝑏 12.5(2.44) -

𝜌+ is token form El-AzabFarid:2000mgb

𝑉(,-.%& is the spin-independent 
potential of 𝑁Ω/0 system obtained 
from the mean value of 𝑡/𝑎 = 17

𝛀𝟑𝐜22- 𝟏𝟐𝑪 could be a Ω/0 charmed 
nuclei candidate 

Due to the strong coulomb repulsion,
heavier Ω/0 charmed nuclei may not 
exist

𝑉5 𝑟 = 9𝑑/𝑟6𝜌+ 𝑟6 𝑉(,-.%& 𝑟 − 𝑟6 ,

For 𝑨 = 𝟑 case: No bound state is found in Ω/0𝑁𝑁, but serval resonances are found via the Faddeev 
equations1,2

For higher 𝑨 case: we apply folding model to estimate the existence of Ω/0 charmed nuclei

[1] Filikhin:2025ige
[2] Etminan:2025emv
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