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Physics motivation



What is a building block of hadrons ?
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Charmed baryon spectrum

Spin-Spin
Interaction
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Heavy Quark: Weak color-magnetic interaction
• VCMI～[αs/(mimj)]×(λi,λj)(σi,σj)

⇒”q-q” isolated and developed
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Decay property

• Decay measurement: ΓπΣc⇔ ΓND
- π−+ Σc

++, π+ + Σc
0

- p + D0

qq

qqQ

qqq

Qq

ρ-mode decay
Λc*→ π + Σc

λ-mode decay
Λc*→ N + D

π

Σc

N

D

6



Production cross section
Missing mass spectroscopy: π− + p → Yc*+ + D*−

D* exchange at a forward angle

1. Spin/Isospin of Yc* 
2. Momentum transfer (qeff)

Production cross section
⇒ Overlap of wave function

＊charm and q-q (spectator)
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Production cross section
Production rate: Excitation mode

- Forward: λ-mode (Λ*)
- (Backward: ρ-mode (Σ*) ?)
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Observed charmed baryons

Λc 1/2+

Σc(2455) 1/2+

Σc(2520) 3/2+

Σc(2800) ??

Λc(2595) 1/2-
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Λc(2880) 5/2+
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Charmed baryon spectroscopy

Propose
• Investigate charmed baryons
⇒ Missing mass spectroscopy

• Systematic measurement
- Excited states search
- Excitation energy
- Decay property
- Production cross section

⇒ Diquark correlation
- Excitation mode
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Experiment
High-momentum beam line

Spectrometer system
Simulations



High-momentum beam line
Construction by 2015

High-p
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High-momentum beam line for 2ndary beam

• High-intensity beam: > 1.0×107 Hz π (< 20 GeV/c)
- Unseparated beam

• High-resolution beam: ∆p/p ~ 0.1%(rms)
- Dispersive optics method

Dispersive Focal Point (IF)
∆p/p~0.1%

Collimator

15kW Loss Target
(SM)

Exp. Target (FF)
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High-momentum beam line for 2ndary beam

• High-intensity beam: > 1.0×107 Hz π (< 20 GeV/c)
- Unseparated beam
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Experiment

π− + p →Yc*+ + D*− reaction @ 20 GeV/c
1) Missing mass spectroscopy
- D*− → D0 πs

− → K+ π− πs
− : D*− → D0 πs

− (67.7%), D0 → K+ π− (3.88%) 
2) Decay measurement
- Decay particles (π±& proton) from Yc*

Λc*+

Missing mass measurement

s

K+ & π−: 2−16 GeV/c
Slow πs

−: 0.5−1.7 GeV/c
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Experiment

π− + p →Yc*+ + D*− reaction @ 20 GeV/c
1) Missing mass spectroscopy
- D*− → D0 πs

− → K+ π− πs
− : D*− → D0 πs

− (67.7%), D0 → K+ π− (3.88%) 
2) Decay measurement
- Decay particles (π±& proton) from Yc*

Λc*+
π+

D0

p
OR

Σc
+

Missing mass measurement

Decay measurement

s

K+ & π−: 2−16 GeV/c
Slow πs

−: 0.5−1.7 GeV/c

π± & p: 0.2−1.5 GeV/c
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Experimental design

＊Assumed production cross section: σ ~ 1 nb
- π− + p → Λc

+ + D*− reaction @ 13 GeV/c: σ < 7 nb (BNL data)

• Dipole-magnet spectrometer
- High-resolution: ∆p/p < 1% 

• High-rate beam & High-rate detector system
- Beam intensity: 6×107 /2.0 sec spill (~1 MHz/mm)

Beam Target

Magnet pole

Magnet pole

Scattered particles

Dipole magnet
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Experimental design

＊Assumed production cross section: σ ~ 1 nb
- π− + p → Λc

+ + D*− reaction @ 13 GeV/c: σ < 7 nb (BNL data)

• Dipole-magnet spectrometer
- High-resolution: ∆p/p < 1% 

• High-rate beam & High-rate detector system
- Beam intensity: 6×107 /2.0 sec spill (~1 MHz/mm)

Target

Dipole Magnet
πs

−

Decay π+

π−

Beam measurement
• Fiber trackers
• Beam Cherenkov
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Experimental design

＊Assumed production cross section: σ ~ 1 nb
- π− + p → Λc

+ + D*− reaction @ 13 GeV/c: σ < 7 nb (BNL data)
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- High-resolution: ∆p/p < 1% 

• High-rate beam & High-rate detector system
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Target D* measurement
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• Downstream DC, TOF
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Dipole Magnet
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Experimental design

＊Assumed production cross section: σ ~ 1 nb
- π− + p → Λc

+ + D*− reaction @ 13 GeV/c: σ < 7 nb (BNL data)

• Dipole-magnet spectrometer
- High-resolution: ∆p/p < 1% 

• High-rate beam & High-rate detector system
- Beam intensity: 6×107 /2.0 sec spill (~1 MHz/mm)

Target

Λc* decay measurement
• Internal DCs
• Internal TOF
• Pole face TOF detector

D* measurement
• Fiber trackers
• Downstream DC, TOF
• Ring Image Cherenkov
• Internal DCs

Dipole Magnet

π−

πs
−

Κ+

Decay π+

π−

Beam measurement
• Fiber trackers
• Beam Cherenkov
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Charmed baryon spectrometer

π−LH2-target

Ring Image
Cherenkov
CounterInternal DC

FM magnet

πs
−

Κ+SSD

Fiber tracker

Beam GC

Internal TOF

Internal TOF
DC

TOF wall

2m

Decay π+

Beam π−

Large Acceptance Multi-Particle Spectrometer
• Acceptance: ~50% for D*
• Mass resolution: MΛc* = 10 MeV(rms) @ 2.7 GeV/c2
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Expected spectra: σ = 1 nb

• Background study by the JAM code
⇒ Reduction by D* tagging + Event selections

- D0→K+ π− decay angle cut, production angle cut

＊ Achievable sensitivity of 0.1−0.2 nb: (3σ level,  Γ < 100 MeV)

σ = 1 nb case for each state G.S. = 1 nb & production ratio

Known  Mass & Width in PDG
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Expected spectra: σ = 1 nb

• Background study by the JAM code
⇒ Reduction by D* tagging + Event selections

- D0→K+ π− decay angle cut, production angle cut

＊ Achievable sensitivity of 0.1−0.2 nb: (3σ level,  Γ < 100 MeV)

σ = 1 nb case for each state G.S. = 1 nb & production ratio

Known  Mass & Width in PDG

Λc(2940)+

Decay analysis
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Decay measurement

Decay measurement
- Branching ratios: Γ(Λc*→ p D)/Γ(Λc* → Σc π)
- Angular distribution

• D0 → K+ π− (3.88%): Main mode
+ D0 → K+ π− π+ π− (8.07%),  D0 → KS

0 π+ π− (2.82%) modes
- ~4 time more statistics

SUM

Signal

BG

Σc
0 π+

Γ= 0.13
p D0

Γ= 0.2
Σc

0

D0

B.R.: Assumed
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Systematic study
Charm and Strange



Strangeness sector: Production
Yield: 105−106 /day @ 1 µb 

- π beam of a few 10 M/spill
- Mass resolution: 10−20 MeV @ 5−10 GeV/c beam
- K beam = 106: ~104 /day @ 1 µb
＊Missing mass & decay analysis

• Λ*, Σ* states
- π− + p → Λ*(Σ*) + K*0 : σ ~ 1−10 µb

• Ξ* and Ω* search
- Κ− + p → Ξ* + K (K*) : σ ~ 1−10 µb
- π− + p → Ξ* + K + K : σ ~ 0.1−1 µb

○ Both K and π beam
- K− + p → Ω* + K + K : σ ~ 0.1−1 µb
＊K+ or K*0 detections are important
for strangeness tagging.

π−

Ξ*−p

K*0

K−

Y*

K+

π-induced Ξ* production

π−

p

K*0

K−

Y*

π-induced Y* production
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Excitation mode
• Heavy Q: λ and ρ-mode
⇒ MQ dependence of excitation spectrum

- Charmed baryons: Yc*
- Hyperons: Y*

＊spin-spin: H = H0 + Vc + Vss
- 𝑽𝑽𝒄𝒄 = 𝒌𝒌/𝟐𝟐∑𝒓𝒓𝒊𝒊𝟐𝟐

- 𝑽𝑽𝒔𝒔𝒔𝒔 = 𝒄𝒄𝒔𝒔 ∑
𝝈𝝈𝒊𝒊�𝝈𝝈𝒋𝒋
𝒎𝒎𝒊𝒊𝒎𝒎𝒋𝒋

𝜹𝜹 𝒓𝒓𝒊𝒊𝒊𝒊

Q

λ
q-q

Q

ρ q-q
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Excitation spectrum
• L=1 excited states: spin-spin interaction
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Excitation spectrum
• L=1 excited states: spin-spin interaction
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Excitation spectrum
• L=1 excited states: spin-spin interaction
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Systematic study
• Excited state measurements

• Decay property: πΣ/KbarN
• Production angle/rate

Wider width states: ~100 MeV
⇒ Decomposition needed
Huge statistics: ~106 /day 

• Decay property: πΣc/DN
• Production angle/rate 

Narrower width states
⇒ Clear separation
Better S/N (1 nb case)

Hyperons Charmed baryons

(π−, D*−) reaction(π−, K*0) reaction
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Systematic study
• Excited state measurements

• Decay property: πΣ/KbarN
• Production angle/rate

Wider width states: ~100 MeV
⇒ Decomposition needed
Huge statistics: ~106 /day 

• Decay property: πΣc/DN
• Production angle/rate 

Narrower width states
⇒ Clear separation
Better S/N (1 nb case)

Hyperons Charmed baryons

Proper degree of freedom = Rule to understand structure
• Connection to QCD

⇒ How to describe differences (corrections) ?
e.g. Diquark: Just correlation between two constituent quarks ?

or Quasi-particle object of two quarks ?

＊ Essential step to understand low energy QCD nature
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Summary
• Charmed baryon spectroscopy

- Diquark correlation: λ and ρ excitation mode
- Inclusive measurements by missing mass spectroscopy

• Experiment at the J-PARC high-p beam line
- Spectrometer

○ High resolution & Lager acceptance spectrometer
- Experimental feasibility being checked by simulation

○ Mass resolution
○ Background study
○ Decay measurement to help missing mass measurement

• Systematic study of charmed baryons at J-PARC
- Excitation energy, production, decay

○ With strange sector
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New project at J-PARC

High-p

Thank you for your attention

New Hadron Experiment
at the J-PARC High-p beam line

Let’s join us !
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