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Hyperon Spectrometer
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HTOF
HypTPC

Superconducting

Helmholtz Coils

Target
consists of


• Helmholtz coil type 
superconducting magnet


• 3D tracking detector, HypTPC

• Time-of-flight detector, HTOF

Measure invariant mass of decay particles and identify final state
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HypTPC/HTOF
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HTOF


• Time resolution < 150 ps


• PID with HypTPC


• Charged particle number

500 mm

Gating grid

130

P10 gas

Time Projection Chamber (TPC)

• Large acceptance by built-in target

• Position resolution < 300 µm

• Momentum resolution : 1–3% for π/p



H-dibaryon search experiment, J-PARC E42
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H-dibaryon

uuddss, SUf(3) singlet 6-quark state, 

• Predicted by R.L. Jaffe: , PRL 38, 195 (1977).


• Since then, many theoretical calculations and search experiments 
have been performed, but still unconfirmed.

I = J = Y = 0
MH = 2MΛ − 81 MeV
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PTPS 137, 121 (2000)
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Double  hypernucleus, NAGARA eventΛ
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PRL 87, 212502 (2001)






   　　　　　　　 


H mass is limited.

BΛΛ ≡ M(A−2Z) + 2MΛ − M(A
ΛΛZ)

MH > 2MΛ − BΛΛ
7 MeV

Double  hyper nuclei have been found by emulsion experiments, and 
H nuclei cannot be lighter than that at least.

Λ
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Recent HALQCD calculation
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New calculations on the interaction between  and  in S waves 
Nucl. Phys. A 998, 121737 (2020)

ΛΛ ΞN

The attraction of  is weak and  is strong.

H is closer to the  threshold than near the  threshold if it exists.

ΛΛ ΞN
ΞN ΛΛ
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J-PARC E42 experiment
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Hyperon Spectrometer

 SpectrometerK+
 SpectrometerK−

1 mJ-PARC K1.8

Upgraded previous study to 
higher resolution and statistics

Sensitivity to a wide mass range of 
Λpπ−, ΛΛ, Ξ−p

H dibaryon search experiment via  reaction at 12C(K−, K+) pK− = 1.8 GeV/c
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J-PARC E42 Run

• 22.7 days of physics data in May and June 2021


• Total beam count : 1.75×1011 


• Long-term stable operation of superconducting 
magnet and HypTPC up to 350 kHz beam.

K−
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Online event display
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V tracks clearly seen
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Analysis of  reaction(K−, K+)
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 : 0.5-1.4 GeV/cK+

Scattered particles
Reconstructed Mass and  + Momentum

Mass Squared [GeV2]

# Very preliminary offline analysis reconstructs
masses and momenta for scattered particles
from the E�� target.

 + Momentum [GeV]
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pK+π±K− Preliminary 

3×105  events  
(KEK E522 : 45934 events)

12C(K−, K+)

Missing Mass Spectra for ( �,  +) Reactions

Missing Mass [GeV/22] Missing Mass [GeV/22]

# ⌅� and ⌅(1535)� peaks are identified in the missing-mass spectrum for
( � ,  +) reactions with a polyethylene target (left).

# High mass region is enhanced in the missing mass spectrum for
C( � ,  +) reactions with a diamond target (right), which includes the
contribution from two-step processes.

July ��, ���� Slide ��

Missing mass [GeV/c2]Missing mass [GeV/c2]

w/CH2 w/Diamond

Preliminar
σ ∼ 10 MeV

→ Hyperon Spectrometer (HypTPC) in progress

Missing mass
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Calibration status of HypTPC
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Detection efficiency for MIP

Due to insensitive region

layer efficiency of


~94% on average.

Drift time calibration

Preliminary

σy ~ 0.6 mm

→ The momentum analysis part is being checked with simulations.



Narrow * search experiment, J-PARC E72Λ
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Dalitz plot:  Belle, PRL 117, 011801 (2016)Λ+
c → pK−π+
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→Λ(1520)

↓K*(892)
↓Δ(1232)

What is this? M~1665 MeV/c2

Γ~10 MeV?

A narrow peak was observed at  ~ 1665 MeV/c2 just above the  threshold.M(pK−) Λη

Λη
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Differential cross sections for K−p → Λη

QuadraticFlat Flat
■ :  
□ : 

η → γγ
η → 3π0

√s = 1667–1676 MeV

Crystal Ball, PRC 64, 055205 (2001)

A quadratic curve was observed only in 
the momentum region near the 

threshold, which suggests a narrow 
state, and moreover it is a spin 3/2 state.

16
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J-PARC E72 experiment

E72 aims to establish spin 3/2 Λ(1665) and to determine its parity


• The  experiment using a large acceptance detector, HypTPC 
with  = 735 MeV/c (±2% FWHM) @K1.8BR 


•  momentum resolution  ~ 1.5 MeV/c 
can identify narrow resonance down to Γ ~ 1 MeV


• Detect  by invariant mass and identify  by missing mass


• Angular distribution → existence, spin


• Λ polarization → parity

K−p → Λη
pK−

K− δp/p

Λ → pπ− η
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Experimental setup
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Hyperon Spectrometer

@K1.8BR beam line

Main parts are common to E42

 beam

pK=735 MeV/c

K−

need to be newly developed
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Target holder of HypTPC

We are testing gas 
tightness using a target 
holder for LH2.


We also plan to 
increase the size of the 
target and will soon 
start production.
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Target holder for LH2 After installation
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Future upgrades

• Thiner aluminum frame of HypTPC


• Glass GEM with better discharge resistance


• Noise reduction of gating grid pulser


Not everything will be finished by E72, though.
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アルミナイズドマイラー接着面について

1面あたりの接着面
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Summary

• Hyperon Spectrometer : SC magnet + HypTPC + HTOF


• Measure decay particles and identify final state


• J-PARC E42 : H dibaryon search


• Stably operated SC magnet and HypTPC


• HypTPC calibration is in progress


• J-PARC E72 : Narrow * search


• Development and preparation is ongoing


• will be performed in 2024~

Λ
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