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Outline
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Physics Motivation
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H-Dibaryon?
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SU(3) flavor singlet state (I=0, Jπ=0+) 
Quark composition of uuddss

⊗

Dibaryon multiplets
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Brief History of H-Dibaryon Search
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1977 First proposed by Jaffe “Deeply bound state”

81 MeV lighter than the ΛΛ threshold

… Many experimental attempts to find H 
Many theoretical model calculations 
to predict the H mass
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Lower limit of MH 
2223.7 MeV/c2 (90% CL)

J-PARC E07 (2017) 
x10 data coming soon!

Brief History of H-Dibaryon Search

6

1977 First proposed by Jaffe “Deeply bound state”

Phys. Rev. Lett. 87 (2001) 212502 

MH > 2M⇤ �B⇤⇤

2001 Mass constraint from ΛΛ6He (BΛΛ ~7 MeV)

“NAGARA” event

Weakly bound state? 
Resonance?
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Brief History of H-Dibaryon Search
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1977 First proposed by Jaffe “Deeply bound state”

2001 Mass constraint from ΛΛ6He (BΛΛ ~7 MeV)

Observed enhancement near ΛΛ threshold

Phys. Lett. B444 (1998) 267 Phys. Rev. C75 (2007) 022201 

1998,2007

~2σ
2.1 µb/sr (90% CL)
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Brief History of H-Dibaryon Search
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1977 First proposed by Jaffe “Deeply bound state”

2001 Mass constraint from ΛΛ6He (BΛΛ ~7 MeV)

Observed enhancement near ΛΛ threshold

LQCD predictions

1998,2007

2011,2018

Phys. Rev. Lett. 106 (2011) 162001 K. Sasaki for the HAL Collab. (2018) 

Loosely bound state?
Sharp peak just 

before ΞN threshold?
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ALICE ΛΛ study with femtoscopy 
The binding energy of the possible 
ΛΛ bound state:

Brief History of H-Dibaryon Search
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1977 First proposed by Jaffe “Deeply bound state”

2001 Mass constraint from ΛΛ6He (BΛΛ ~7 MeV)

Observed enhancement near ΛΛ threshold

LQCD predictions

1998,2007

2011,2018

No evidence for H in high-energy 
e+e-, pp, and AA experiments

2019

…

B⇤⇤ = 3.2+1.6
�2.4(stat)

+1.8
�1.0(syst) MeV

Phys. Lett. B 797, 134822 (2019)
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Brief History of H-Dibaryon Search
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1977 First proposed by Jaffe “Deeply bound state”

2001 Mass constraint from ΛΛ6He (BΛΛ ~7 MeV)

Observed enhancement near ΛΛ threshold

LQCD calculations

1998,2007

2011,2018

2019

…

ALICE ΛΛ study with femtoscopy

2021 E42 @J-PARC

No evidence for H in high-energy 
e+e-, pp, and AA experiments

E42 Completed 
June 29, 2021
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J-PARC E42 Experiment
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E=130 V/cm B=1 T

P-10 gas

J-PARC E42 Experiment
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Search for H-dibaryon via 12C(K-,K+) reactions

?uuddss
I=0, Jπ=0+

σΔM ~1 MeV
6,200 ΛΛ events

Simulation
σΔM ~5 MeV
68 ΛΛ events

KEK E522 J-PARC E42

K1.8 Beam Line in Hadron Hall, J-PARC

SC Magnet
HypTPC

High Statistics
High Resolution
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H Production via (K-,K+) Reactions
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K-

p

p

Λ/Σ

K+

H

Λ/Σπ/η

Λ

Λ

Possible H processes on a diproton pair via the 12C(K-,K+) reactions



24 Sep 2021 HaPhy2021-1 / Shin Hyung Kim

Experimental Sensitivity to H Mass 
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The sensitivity is good enough to cover a broad range of 
the H-dibaryon mass from the ΛΛ bound state to the 
unbound region above the Ξ−p mass threshold.

Sp
S +B

B: INC model, 
   Phase Space 
   w/ 7.6 µb/sr

Significance:
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E42 Collaboration
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E42 Detectors
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Hyperon Spectrometer
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HypTPC

Cathode

55
0 

m
m

E=130 V/cmPad

Tracking devices HypTPCTrigger Counters
HTOF

HypTPC

SC Magnet
Target HTOF

HypTPC
SC MagnetHTOF

Target
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K1.8 Beam line Spectrometer
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BH1

BH2

Trigger Counters Tracking devices

BFT

BC3,4
KBeam = BH1⨂BH2⨂BAC

BAC

n=1.03
(Pion 0.57 GeV/c)

Beam ToF : BH1~BH2

3rd order transfer matrix 
-> momentum
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LAC

n=1.05
(Pion 0.44 GeV/c)

KURAMA Spectrometer
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KScat = TOF(7-24)⨂LAC⨂WC

Tracking devices

WC

n=1.33
(p 1.06 GeV/c)

Trigger Counters

SDC1,2

SDC3,4

TOF

BVH

SCHSCH

2DMtx : SCH, TOF

3DMtx : BH2, SCH, TOF+BVH

• 4th order Runge-Kutta method 
-> momentum(p), path length(L)
• ToF(T) : BH2~TOF 
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Trigger Logic
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KBeam = BH1⨂BH2⨂BAC

KScat = TOF⨂LAC⨂WC

Mtx = 2DMtx⨂3DMtx

HTOF-Mp2
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Hyperon Spectrometer 
at K1.8 Beam Line
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April 13, 2021

April 12, 2021

April 16, 2021
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E42 Underway
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Beam Time Summary
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Physics run

• Request to PAC

• Commissioning run: 4.5 days

• Physics run: 29 days (60 kW)

Calibration run :   2.4 days 
Physics run : 22.7 days }

92.3% 
25.1 days

64 kW

5/25-6/29 (28.5 days)

5/11-19 (3.9 days)
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Run Summary
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+Calibration runs

• TPC defocus run w/ and w/o B field

• Beam through K -1.8 GeV/c, p/pi +1.4 GeV/c

• Beam through p/pi ±0.8, 0.6, 0.5, 0.4, 0.3 GeV/c

• KURAMA tracking pi +1.2 GeV/c (only KURAMA on) 

• TOF calibration run

• HTOF calibration run  
   (trig: HTOF-Mp4, beam: -1.8 GeV/c pi, target: C)

~300k 12C(K-,K+) events
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Online Event Displays
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Online Analysis - K+ Part
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Online Analysis - (K-,K+) Part
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Online Analysis - HypTPC Part
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• New detector -> analyzer from 
scratch


• Position calibration (due to field 
distortion) for momentum/vertex


• Gain calibration (due to GEM sag?) 
for dE/dx 


• Large data size (~200 GB/hr) -> 
takes time to analyze data
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E42 Byproducts
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Ξ- / Ξ*-(1530)  

30

p(K-,K+)• Ξ- Polarization (PΞ)

• Ξ- → pπ-π- rare decay (ΔS=2)

• Secondary Ξ− interactions: Ξ−p → ΛΛ, Ξ−p → Ξ−p 
• dσ/dΩ for K-p → K+Ξ*-(1530) 
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K*-(892)/Σ*-(1385)  In-Medium Mass Shift
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J-PARC E05J-PARC E05

12C(K-,π+)

12C(K-,p)• 12C(K−,p)K*-(892) X, 

                  K*-(892) → K0 π-, KS0 → π+ π-

• 12C(K−,π+)Σ*-(1385) X, 

                   Σ*-(1385)→ Λ π-, Λ → p π-
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KN Interaction with Kaonic Nuclei
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• K− 12C → p 11K- Be(11Λ*Be),

                      11K- Be → Λ 10Be

K− 12C → p X

Y. Ichikawa et al. Prog. Theor. Exp. Phys. 12, 123D01 (2020).

J-PARC E05

12C(K-,p)
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K+ Momentum with INC Model
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yi
el

d INC 
1.8 GeV/c 
θK+ < 30°

e.g. K−p → φΛ, φ →K-K+ 

12C(K-,K+)• 12C(K−,K+) 

• 12C(K−,K+ΛΛ)

• 12C(K−,K+K-) 
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Summary
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The J-PARC E42, which was dedicated 
to search for the H-dibaryon, was just 
completed in June of 2021.

The E42 opens many other physics 
opportunities such as Ξ* and Φ production 
processes in the (K-,K+) reaction, and 
secondary Ξ- induced reactions.  

We have collected two orders of 
magnitude more statistics for ΛΛ 
production in (K-,K+) reaction than 
measured ever before. 

Any physics ideas are welcome!


