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H-Dibaryon Search near  
the  and  Thresholds at J-PARCΛΛ Ξ−p
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SU(3) flavor-singlet hexaquark state ( ), which is 
the most promising hexaquark candidate due to QCD color 
magnetic force.  

 coupled channel system 

A constraint on the mass: ( )

uuddss, I = 0, JP = 0+

ΛΛ − ΞN − ΣΣ

MH > 2MΛΛ − BΛΛ ΛΛ
6He

Previous H-Dibaryon Search via  Reaction 12C(K−, K+)(KEK E522)  

*C.J. Yoon et al., Phys. Rev. C 75 (2008) 022201

72 ΛΛ events with a moderate mass resolution 
of 𝜎(𝑀

ΛΛ
) = 5–15 MeV/𝑐2.  

The upper limit on the H-Dibaryon production 
cross section between ΛΛ and Ξ−𝑝 threshold is       

d σ/d ΩL(H) = 2.1 ± 0.6 ± 0.1 μb/sr (90 % C . L.)
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Recent Lattice QCD results

Coupled channel ( , ) analysis with the flavor SU(3) breaking                 
(nf = 2+1, m𝜋 ≃ 146 MeV)

ΛΛ ΞN

*K.Sasaki for the HALCollab.,NPA 998 (2020) 121737 

Sharp peak just before  thresholdΞN
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Invariant-mass measurement of ,  and  systems with HypTPC  

Measurement of double strangeness production in the  reaction 
at 1.8 GeV/c  beam. 

The  interaction provides the essential doorway to H-dibaryon formation.
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Processes following  Production in Ξ− 12C

K− K+

H-Dibaryon 
formation?

Λ

Λ
Escape  Ξ−  

conversion
Ξ−p → ΛΛ

J-PARC E42: H-Dibaryon search via  reaction12C(K−, K+)

12C
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Individual Elementary Processes in  12C(K−, K+)

*T. Iijima et al., Nucl. Phys. A 546, 588 (1992)

*Y. Nara, A. Ohnishi, T. Harada, A. Engel, Nucl. Phys. A 614, 433 (1997)

Processes of double-strangeness 
exchange in  reaction12C(K−, K+)

Possible H production processes on a diproton pair via  reaction(K−, K+)
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*A.T.M. Hertz and C.B. Dover, Phys. Rev. D28, 450 (1983)
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two-step processes

There is no combinatorial background in the E42 data!
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J-PARC E42 Detector and Particle Identification
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 where EΞ = MX − M(Ξ−) − M(11B) MX :12C(K−, K+)X

 Excitation Energy Spectra for the inclusive  reactionΞ− 12C(K−, K+)

*W.S. Jung et al., Prog. Theor. Exp. Phys. ptaf064 (2025).

The inclusive  spectrum provides the reference for 
interpreting the exclusive the  channels.

12C(K−, K+)
ΞN
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 Production in the  reaction Ξ− 12C(K−, K+)

Primary processes:  
Ξ−p → Ξ0n, ΛΛ

Λ
Λ

Ξ-
p

12C

Ξ−p → Ξ0n, ΛΛ emissionΞ−

Ξ- pΞ-

Ξ−p → Ξ−p

Ξ0 n

PΞ− emis = 1 − PΞ− abs

= PΞ− esc + PΞ− scat

= σΞ− /(σ(K−,K+) − σtwo-step)
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The effective number of the  process 
calculated using a classical approach in the 
eikonal approximation.

ΞN

NΞN = ∫
∞

0
2πbdb∫

+∞

−∞
dzρ( b2 + z2)F(b, z) 1 − exp {σ̄ΞN ∫

+∞

z
dz′￼ρ( b2 + z′￼2} ,

where, 


.

F(b, z) = exp [−σ̄K−N ∫
z

−∞
dz′￼ρ( b2 + z′￼2) − σ̄K+N ∫

+∞

z
dz′￼ρ( b2 + z′￼2]

σ(K−N ) = 28.9 mb, σ(K+N ) = 19.4 mb

PΞ− emis = 1 − NΞN /NKK

 escaping probability and  inelastic scattering cross sectionΞ− Ξ−p

NKK = ∫
∞

0
2πbdb∫

+∞

−∞
dzρ( b2 + z2)F(b, z)
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 inelastic scattering in the  reaction Ξ−p 12C(K−, K+)

Momentum of ( ) is measured as a function of  energy( )Ξ− PΞ− Ξ− EΞ

Momentum spread of (1 )Ξ− σ
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 obtained from (K-,K+) 
missing-mass spectroscopy 
EΞ

 where EΞ = MX − M(Ξ−) − M(11B) MX :12C(K−, K+)X
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Dotted lines correspond to 
momentum spread of  (1 )Ξ− σ

ESC16

 inelastic scattering in the  reaction Ξ−p 12C(K−, K+)

This work:42 - 23 mb(0.4< <0.6 GeV/𝑐) 

Nijmegen-D model calculation based on 
the BNL E906 data at  = 0.55 GeV/𝑐                       

(𝛼two: a fraction of two-step processes) 

pΞ−

pΞ−

*Y.Yamamoto, et al., PTP106,363 (2001).

Primary processes: Ξ−p → Ξ0n, ΛΛ

Possible contribution from H-dibaryon formation



Reconstructed  Production in  reactionΛΛ 12C(K−, K+)
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• J-PARC E42 accumulated ~9,000  
events which are two orders of 
magnitude more then ever in past 
experiments. 

• 1,500 events in the region for        
 production (  < 250 MeV). 

ΛΛ

Ξ− EΞ

K−p → K+Ξ−, Ξ−p → ΛΛ
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 production yield is reproduced by considering 
two-step processes in  reactions. 

J-PARC E42 data with intra-nuclear cascade 
model calculation for understanding the 
contribution of  conversion(~2%). 

ΛΛ
12C(K−, K+)

Ξ−p → ΛΛ
(Background processes)Based on Ref. “Y. Nara, A. Ohnishi, T. Harada, A. Engel, Nucl. Phys. A 614, 433 (1997)”

 production and  contribution in the  reactionΛΛ Ξ−p → ΛΛ 12C(K−, K+)
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Total cross-section for  conversion processΞ−p → ΛΛ

 cross section is 
 at . 

This result constraints 
 in nuclear matter, 

by the relation of 
 where, 

.

Ξ−p → ΛΛ
1.0+1.3

−0.8 mb 0.5 < PΞ− < 0.6 GeV/c

ΓΞ− < ∼ 0.6 MeV

ΓΞ ∼ (ρ0/2) ⋅ (vσ)Ξ−p→ΛΛ
ρ0 /2 ∼ 0 . 08 fm−3

*C. B. Dover, A. Gal, and D. J. Millener, Nucl. Phys. A 572, 85 (1994)

Dotted lines correspond to 
momentum spread of  (1 )Ξ− σ

This result indicates very weak ΞN-ΛΛ coupling
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Preliminary

• A clear small opening angle 
enhancement is observed. 

• It may give us insights into 
the ΛΛ mass structure.

 opening angle distributionΛΛ
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 Invariant-Mass Spectra in the  ReactionΛΛ 12C(K−, K+)
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K−p → K+Ξ−, Ξ−p → ΛΛ
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Expected m(ΛΛ) spectra for each process based on the INC calculation

Ξ−p → ΛΛ

Ξ−p → Σ0Λ

K−p → π0Λ,
π0p → ΛK+

K−p → K+Ξ−, Ξ−p → ΛΛ
Ξ−p → Σ0Λ

 Invariant-Mass Spectra in the  ReactionΛΛ 12C(K−, K+)

feed-down to ΛΛ
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J-PARC E42 reports the preliminary results from our search for the 

H-dibaryon near the  and  Thresholds, together with a 

detailed study of the  interactions using the  reaction. 

We report the  inelastic scattering cross section   and 

 cross section  at . 

This result can provide crucial information for the  interaction. 

We report a upper bound of   decay width in nuclear matter is 

. 

The clear peak-like structure observed between the  and 

thresholds in  mass spectrum.

ΛΛ Ξ−p

ΞN 12C(K−, K+)

Ξ−p 22+14
−7 mb

Ξ−p → ΛΛ 1.0+1.3
−0.8 mb < PΞ− > = 0.55 GeV/c

Ξ−N

Ξ−

ΓΞ− < ∼ 0.6 MeV

ΛΛ Ξ−p

ΛΛ

Summary
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KEK-E522

 reaction at 1.65 GeV/c12C(K−, K+)

KEK-E224

Past H-Dibaryon Searches

( )J.K. Ahn et al.rPhysics Letters B 444 1998 267–272270

12 Ž y q .Fig. 2. Differential cross section for the C K ,K LLX reac-
tion with respect to the Kq momentum. The dashed line indicates
the prediction of an intranuclear cascade model calculation for
intermediate meson-induced two-step processes.

SCIFI target, we used a Monte Carlo simulation
based on real data. Since we have no a prior knowl-
edge regarding the L momentum distribution for
LL production, this simulation relies entirely on real
data for each event. The sizes of the errors for the
individual events vary greatly and the Monte Carlo
data were generated with Gaussian probability. In
addition, we assumed azimuthal symmetry of the L
production angle with respect to the Ky beam track.
Keeping the polar angle between the two L particles
fixed, we made a random rotation of the Monte
Carlo event with respect to the beam direction. This
randomization minimizes the possible variation of
detection efficiency near the corner of the SCIFI
detector.
The production cross section was evaluated by

Ž²using the absolute cross section data dsr
:12 y q .dV s99"4mbrsr of the experimentC ŽK ,K . XL

w xof Iijima et al. 12 . The detection efficiency for the
2Žtwo L decays in the SCIFI target is given by Br L

y.™pp Ph . The branching ratio for charged par-LL

ticle decay of the LL pair was taken into account by
2Ž y. Ž .2using the factor Br L™pp s 0.639"0.005

w x13 . The scanning efficiency, h , was deducedLL

from the Monte Carlo simulation described above.
Uncertainties in the scanning efficiency were esti-

mated to be 11% by varying cutoffs of selection
criteria, which were mainly due to uncertainties in
track-length measurement. The differential cross sec-

q Žtion integrated over the K momentum region 0.95
.qF p F 1.3 GeVrc was thus found to beK

² :12 y q Ž .dsrdV s7.6"1.3 stat " 0.9C ŽK ,K .LL XL
Ž .syst mbrsr.
Fig. 3 displays the LL invariant mass spectrum.

The invariant mass resolution was determined by
fitting Gaussian distributions of the individual mea-
surements with a standard deviation corresponding to
the experimental error. The error here is largely due
to uncertainties in determining the magnitude of the
L momentum, which depends strongly on the range
measurement of stopping proton from L decay. The
invariant mass resolution was calculated using sam-
ple data below the mass 2.26 GeVrc2. It was found
to be approximately 6 MeVrc2.
The LL invariant mass spectrum in Fig. 3 dis-

plays a significant enhancement near the threshold.
We performed an intranuclear cascade model calcu-
lation to understand the origin of this peak. In this
calculation, the positions of nucleons were generated
randomly within a sphere with the requirement that
the distance between two nucleons be larger than
0.81 fm. The nuclear density distribution employed

Fig. 3. The LL invariant mass spectrum compared with theoreti-
Ž .cal estimates of the phase-space calculation dashed line for the

Ky12C™KqLL10Be reaction and an intranuclear cascade model
Ž . 0 Žcalculation solid line for intermediate p -induced dashed-dotted

. y Ž .line and J -induced dotted two-step processes.
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Missing-Mass Spectrum for  reactionsp(K−, K+)X

The reconstruction efficiencies for  decays are obtained by simulationΞ−

 contribution subtracted from 
the spectrum with a  

 
target 

12C
CH2

The missing-mass spectrum for  reactions 
is reproduced with  reconstructed events for  

1. visible  decays 2. invisible  decays in the TPC.

p(K−, K+)X
Ξ−

Λ Λ

Ξ−

Ξ*Preliminary Preliminary

(  reconstruction)
Ξ−

(  reconstruction)
K+
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Hyperon Reconstruction using HypTPC 

The active area~0.5 m 

A Time Projection Chamber (TPC) is a 3D charged-particle tracker 
that records ionization electrons drifting in gas. 

HypTPC enables precise reconstruction of particle trajectories and 
decay vertices.

gas: Ar(90%)  

+CH₄(10%) 

Ionization electrons drift 
to the readout pads 

2D hit pattern & electron 
drift time → 3D space points
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Reconstruction of invariant mass distributions 

for  and its sequential decays.Ξ−

σm ∼ 6 MeV/cσm ∼ 4 MeV/c

Hyperon Reconstruction using HypTPC 

Ξ− → Λπ−


