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1. Reaction mechanism 3. Calculated spectrum

2. Theoretical formula
T(!"# →ΛNπ)～ T(!"N→πΣ) Fd(q, kΣ) T(ΣN→ΛN)
Fd(q, kΣ) = ∫ψd(r){sin(qr)/(qr)}{exp(ikΣr)/r} r2 dr
T(ΣN→ΛN) = βΣΛ/(1-ikΣAΣ), At

Σ = a-ib

Above threshold: Rs = 4πb/{(1+kΣb)2+(kΣa)2}, 
Below threshold: Rs = 4πb/{(1+|kΣ|a)2+kΣ2b2}

(kΣ = i|kΣ|)



HypTPC (GEM based TPC)
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E42: H-dibaryon search by 12C(K-, K+) reaction
E45: N* and Δ* spectroscopy by p(π, 2π) reaction

E72: Λ* search by p(K-, Λ)η reaction
E90: ΣN cusp by d(K-, π-)Λp reaction

Large acceptance, High-rate capability up to 106 Hz



KEK E522 J-PARC E42
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Simulation

K1.8 Beam line spectrometer Hyperon
Spectrometer

HypTPC
KURAMA

K⁻ beam K+

σΔM ~ 5 MeV
90 ΛΛ evens

H dibaryon

σΔM ~ 1 MeV
1.5×104 ΛΛ events

J-PARC E42 EXPERIMENT

12C(K-, K+) 
reaction

K- + “pp”→H K+, H → ΛΛ, Λpπ-, Ξ- p (invariant-mass spectroscopy)



PHYSICS OUTPUT FROM E42 (EXCERPT)

¡ (Main)H-dibaryon search
¡ K- + “pp”→H K+, H → ΛΛ, Λpπ-, Ξ- p (invariant-mass spectroscopy)

¡ Ξ-A interaction (later slide)
¡ Spectrum fit of 12C(K-, K+) missing mass with (V0, W0) parameters
¡ By using HypTPC, we can decompose Escape(Ξ-) and Conversion(ΛΛ) spectra

→ Sensitivity to determine W0 parameter (Imaginary part)

¡ Kaonic nuclear search via 12C(K-, p) reaction (later slide)
¡ Coincidence measurement to improve the S/N with 12C(K-, p)Λp requirement
¡ Invariant-mass spectroscopy (Λp, Λpp) of Kaonic nuclei (fragment production)

¡ Ξ- polarization of K-+p → Ξ-+K+ reaction

¡ K* invariant mass measurement via 12C(K-, p) reaction
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E42 BYPRODUCT
Ξ-A POTENTIAL STUDY BY 12C(K-, K+) SPECTRUM

(with imaginary part W0)
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E42 can decompose the inclusive 
spectrum to escape and conversion
spectra. 
↓

Should have much more sensitivity of  
W0 determination! 

The cross section at B.E. ≧ 0 should be 0

(Ξ-) Escape spectrum (ΛΛ) Conversion spectrum
The strength (yield) also has the 
information of imaginary part

12C(K-, K+)Inclusive spectrum

6

E42: Decompose

Schematic view
Schematic view

E42 BYPRODUCT
Ξ-A POTENTIAL STUDY BY 12C(K-, K+) SPECTRUM
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E42 BYPROCUT: K-pp and K-ppp SEARCH

KURAMA

K-pp

Λ

K-pp: Λp invariant mass,  K-ppp: Λppp invariant mass
by selecting 12C(K-, p) reaction (fragment production)

p

HypTPC HypTPC

K-ppp
Λ

p

p

HypTPC
HypTPC

HypTPC
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公募研究
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E42 BYPROCUT: K-pp and K-ppp SEARCH
K-pp: Λp invariant mass,  K-ppp: Λppp invariant mass
by selecting 12C(K-, p) reaction (fragment production)

公募研究



PRELIMINARY ANALYSIS（KURAMA）
K+: 0.5-1.4 GeV/c



Flash ADC analysis
(BG subtraction)

Time offset adjustment by using beam-through data analysis

Estimation of hit efficiency

Data Simulation

Momentum resolution

Worse than 
simulation
↓

Position 
correction
（on-going）

PRELIMINARY ANALYSIS (HYPTPC1)

Preliminary
Preliminary

Y residual distribution(Beam through)



Estimation of hit efficiency

Data Simulation

Momentum resolution

Worse than 
simulation
↓

Position 
correction
（on-going）

PRELIMINARY ANALYSIS (HYPTPC1)

Preliminary
Preliminary

X residual distribution(Beam through)



PRELIMINARY ANALYSIS (HYPTPC2)
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J-PARC E45 EXPERIMENT
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J-PARC E45 EXPERIMENT

Hybrid baryons are predicted by Lattice QCD

Hybrid baryons
(qqqg)

J. Dudek et al., PRD 85 054016(2012).

g
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J-PARC E72 EXPERIMENT

・The Kp→Λη reaction with pK = 735 MeV/c (±2% FWHM) 
・K− momentum resolution: δp/p ~1.5 MeV/c (Γ~1 MeV)
・Angular distribution→ spin, Λ polarization → parity

E72 aims to established narrow J = 3/2 Λ* and to determine its parity



16

J-PARC E72 EXPERIMENT
E72 aims to established narrow J = 3/2 Λ* and to determine its parity
・The Kp→Λη reaction with pK = 735 MeV/c (±2% FWHM) 
・K− momentum resolution: δp/p ~1.5 MeV/c (Γ~1 MeV)
・Angular distribution→ spin, Λ polarization → parity

Λ
1669

Quark model (―)
Experiment (/////)

No J=3/2 state around 1670 MeV

1520

1690

1677

η
P or D wave ? 

Meson-Baryon molecule?

Penta-quark? !"
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E90: “ΣN cusp” using HypTPC +S2S  

E90

(K-, π-) measurement:（K18 + S2S）
Decay particles: HypTPC

ΔM = 0.4 MeV（σ）
1.4×104 events

E90: d(K-, π-)

Braun

Eastwood

“ΣN cusp”
Near ΣN threshold

Old bubble chamber
d(K-, π-) Λp

ΔM = 2 MeV
603 events 

ΔM = 3 MeV
217 events

Great improvement of
mass resolution

and statistics



THRESHOLD CUSP
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Cusp structure can be expressed by the scattering length (for B’C’), A = a + ib

¡ Above threshold: R = #$%
{ '()% *( )+ *} ~ 1 − 212 + 4(12)

¡ Below threshold: R = #$%
{ '(7+ *( 7% *} ~ 1 − 2κ9 + 4 κ2 , 1 = ;κ

k(relative momentum for B’C’) ~ 2<=

For the “ΣN cusp”, 
B’=Σ, C’=N, B=Λ, C=N 

b = 2.0 fm (fixed) 

－a = -3.0 fm
－a = -2.0 fm
－a = -1.0 fm
－a = +1.0 fm

a = +1.0 fm (fixed) 

－b = 3.0 fm
－b = 2.0 fm
－b = 1.0 fm

Reduced mass 
µ = mB’mC’/(mB’+mC’)

E = 0: B’C’ ThresholdE = 0: B’C’ Threshold
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Key of E90: High resolution ΔM = 0.4 MeV
Theoretical 

Value of 
ΣN scattering 

length
（T=1/2, 3S1）

Sensitivity of past experiment（ΔM = 2 MeV） Sensitivity of E90（ΔM = 0.4 MeV）

ΣN-dibaryon !?

a < 0: Bound state
a > 0: attractive
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Sensitivity of past experiment（ΔM = 2 MeV）

with E90 statistics
(1.4×104 events)

Old bubble chamber
: < 103 events
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with E90 statistics
(1.4×104 events)

Old bubble chamber
: < 103 events

Sensitivity of E90 experiment（ΔM = 0.4 MeV）



HADRON CLUSTERS STUDIED BY HYPTPC
HYPTPC = “EXOTIC DETECTOR”
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H-dibaryon

Hybrid-baryon

Λ-η molecule?
Penta quark?

ΣN dibaryon

E42

E45 E90

E72



COMPOSITENESS（X） OF H-DIBARYON 
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Simulation

H-dibaryon(6 quarks)?  or B-B bound state (2 baryons) ?  
J-PARC E42

B B

Λ-Λ, ΞN, ΣΣ

X = 1 X = 0 Compositeness(X)



COMPOSITENESS（X） OF H-DIBARYON 
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Weak-binding
relation

(ΛΛ, ΞN, ΣΣ) scattering length
・Femtoscopy
・ΞN scattering
・Ξ-p atom (X-ray) Simulation

E42



SUMMARY
¡ We have 4 J-PARC experiments by using HypTPC detector. 

¡ E42: H-dibaryon search by using 12C(K-, K+) reaction. 

¡ E45: N* and Δ* spectroscopy by using p(π, 2π) reaction. 

¡ E72: Λ* search by using p(K-, Λ)η reaction

¡ E90: High resolution spectroscopy of “ΣN cusp” 
by using d(K-, π-) reaction

¡ The analysis of E42 experiment is on going. 

¡ HypTPC will hunt the “exotic hadron clusters”!!
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BACK UP
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E42 BY PRODUCT: KAONIC NUCLEUS SEARCH BY 12C(K-, P)
Enlarged view

Motivation: 
To observe the excess as a 
distinct peak!
Method:
12C(K-, p)Λp measurement

J-PARC E05 data (Inclusive)

Zoom
Inclusive → Exclusive
(E05)             (E42)
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Expected spectrum of 12C(K-, p)Λp [Conversion spectrum]



E42 BY PRODUCT: KAONIC NUCLEUS SEARCH BY 12C(K-, P)
Enlarged view

Motivation: 
To observe the excess as a 
distinct peak!
Method:
12C(K-, p)Λp measurement

Zoom

Expected spectrum of 12C(K-, p)Λp [Conversion spectrum]

Inclusive → Exclusive
(E05)             (E42)
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J-PARC E05 data (Inclusive)
Y* nucleus state?



E45/E72 SETUP
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