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History of our Universe
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Big Bang
Confinement! 
Hadrons are 
generated

Nuclear  
synthesis

Deuteron

He

Li now  
we are here

t=0s ~10-6 s 10-6~1 s 3~20 min.

quarks・gluons 
and leptons 
are generated

Formation of  
quark gluon plasma

A02

13.8 By



Topics of hadron physics
How the matter created via QCD
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System with  
Valence quarks 

Quark confined 
inside hadron

“bare” quark degree of freedom will be  
masked when hadrons are formed 

New hierarchy appears i.e. “World of Hadrons”
→ DoF for this hierarchy is “hadron”
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• If Semi-hierarchy exist, then question will be, 
 what is relevant DoF in the semi-hierarchy

Semi-hierarchy 

Hadron

Hadron-Hadron 
system

hadron

quark / di-quark

Hadron molecule

DoFs

config.

meson/baryon
QCD 

color singlet state

Exotic

or

quark / di-quark



Excitation of hadron 
and internal structure 
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Ground  
state

Excited  
state

En
er

gy Internal  
excitation

qq pair 
creation

Normal hadrons Multi-quark 
system

Hadron molecule  
　Meson-Baryon

DoFs in semi-hierarchy 
will be elucidate 
in excited hadron 

spectrum
Original picture draw by Dr. T.Hyodo



Di-quark correlation
• Inside hadron, for example baryons, strong 
two quark correlation out of three constituents 
is expected
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→ di-quark correlation

three di-quark correlation 
could be equal each other 
→ i.e. cannot distinguish!

• Source of the di-quark correlation,  
color magnetic interaction

VCMI ∼ αs

mimj
(λi · λj)(σ⃗i · σ⃗j)

Light baryon: mi=almost equal



The way to clarify effective 
DOFs inside hadron

• Embedded heavy quark(HQ) in hadron! 
• interaction between HQ and light quark(q)  
will be suppressed due to Color magnetic    
                 interaction(CMI)
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VCMI ∼ αs

mimj
(λi · λj)(σ⃗i · σ⃗j)

VCMI ∼ 0, where m → ∞

i.e. di-quark(qq) correlation inside hadron will be 　
　　enhanced (if strong qq correlation exist)

Strong!

weak

qq cluster appears in baryon



ρ

Di-quark correlation 
How it will be appeared in hadron spectrum
• Two excitation modes are expected in baryon 
• Those states will be degenerated in light 
hadron(qqq) existed states,
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λ

ρ

λ λ
ρ

p-wave

G.S.

                                      but will be  
separated for baryon with one HQ Baryon spectroscopy  

With hyperon and charmed baryons  
       (one strange/ one charm )

two-modes in di-quark correlation 
inside hadron will be separated  

in energy spectrum of excited hadron 
when one of the quark is getting heavy 



Baryon with strange quark
• Λ/Σ: q-q + Q system 

Similar to charmed baryon 
Wide decay width
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Q

q-q

q

Q-Q

Q

QQ

• Ξ: q + QQ system
2 Heavy Quark system 
Narrow decay width

• Ω: QQQ system 
3 Heavy Quark system 
Narrow decay width

s
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• Also hot topics in Hadron physics 
• X(3872)  →   mixture of  
 
 
 
 

• Famous Λ(1405) problems

Hadron molecule?

JP =
1

2
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Lightest in negative parity baryon

PRL114, 132002(2015)Results from Lattice QCD 
Dominated by KN  

components

Still there is great interest to study  
property of Λ(1405)  
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A02 project
• Hadron spectroscopy and investigation for 
hadron-hadron interaction using meson and 
photon beam
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SPring-8 
LEPS/LEPS2

J-PARC

Baryon spectroscopy 
at J-PARC

Baryon spectroscopy 
at SPring-8

covered by  
Niiyama-san



J-PARC
Baryon spectroscopy at J-PARC
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High momentum beam line

Experimental 
area

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

• High-resolution beam: Δp/p ~ 0.1%(rms) 
Momentum dispersive optics method

2m

LH2-target

Beam π−

π−

Κ+

πs−
Ring Image 
Cherenkov 
Counter

DC

TOF wall

PID counter

Fiber tracker

T0

Pole face 
detector

Internal DC

Internal TOF

Fiber wall

π−

π+

Charmed baryon 
Spectrometer

• Large acceptance spectrometer 
• Data taking by 
Trigger-less DAQ system

J-PARC 
E50



Charmed baryon 
spectroscopy by E50
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π+

D0

p
OR

Σc
0

Missing mass measurement

Decay measurement

s

K+ & π−: 2−16 GeV/c 
Slow πs

−: 0.5−1.7 GeV/c

π± & p: 0.2−4.0 GeV/c

1.  Missing mass spectroscopy 
  D*− → D0 πs− → K+ π− πs− : D*− → D0 πs− (67.7%), D0 → K+ π− (3.88%)  

2.  With Decay measurement 
Decay particles (π±& proton) from Yc*

π− + p →Yc*+ + D*− reaction @ 20 GeV/c



Charmed baryon production
λ mode in charmed baryon expected to be enhanced  
by production（λ ⇔ rotation mode btw qq-Q system）
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1/2− 3/2− 5/2+ 3/2+
Simulation

e.g. chimed baryon prod.  
π− + p → Yc*+ + D*− reac.

λ mode will be pronounced  

L=1 L=2



Charmed baryon vs. 
baryon with one strangeness

Spectrum 
in charmed 
baryon 
will reveal detail  
structure in s=-1  
baryon spectrum 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Preparation for E50 is in progress
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Scintillation fiber tracker: φ0.5 mm Cherenkov timing counter 
ΔT ~ 50 ps @ 3-5 MHz 
3-mm width PMMA radiator

Resistive Plate Chamber: ΔT ~ 60 ps

Trigger-less DAQ test bench

Drift chamber production 
Internal Barrel DC

“X-type” radiator
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A02 project

Prof. Niiyama
Prof. Noumi Prof. Yosoi
Prof. Naruki
Dr. Aoki

Baryon spectroscopy 
with Hadron beam

Baryon spectroscopy 
with Photon beam

Ph.D students from  
Kyoto Univ., Osaka Univ, Tohoku Univ, 

Collaboration with A01, B01, B02, C01, C02, D01

J-PARC E50 SPring-8 LEPS2
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S=-1 baryon  
spectroscopy

Charm baryon  
spectroscopy

Λ(1405)

Few Body Syst. 54 (2013) 1245-1249

Θ+?
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Summary
• Hadron spectroscopy reveal effective DoF  
which will be a main actor for semi-hierarchy 
between quark and hadron hierarchy 

• A02 consists by two experimental programs 

• Hadron spectroscopy with meson beam  
(J-PARC) 

• Hadron spectroscopy with photon beam  
(SPring-8) 

• Preparation for the experimental are in progress   
 25


