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How the matter created by QCD

high-density matterhadron nucleiquark

QCD is the “theory” to describe strong interaction
However, still many unsolved problems remains 
• What is the effective degree of freedom to  
describe hadrons (especially for excited baryons) 

• Meson property (mass, width etc.) in nuclear matter 
• Origin for hadron mass
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what is effective DoF to describe hadron



compress

hadronic matter

multi-quark
hadron

quark mattermulti-meson	  
nucleus

compress

Evolution for QCD matter 
“Hadron to high dense matter”
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Strengeness will play  
important role  

in high dense matter
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J-PARC

Tokyo

Hadron Experimental facility

60m
48x1012 proton/5.52s

Primary beam intensity :(Dec 2015)

( 30 GeV Proton )

~115 km

54m
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Hadron Physics with  
low momentum K-

p < 2 GeV/c
✦ K-nucleus interaction (s=-1) 
   at K1.8BR beam line
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      : 
the simplest     -nuclear bound state  

• Theoretically, existence of Kaonic nucleus is 
no doubt. Question is mass and width.

K̄NN
K̄

A.Gal,	  NPA914(2013)270

Y.Ichikawa,	  EXA2014

E27



J-PARC E15 experiment 
A search for             via 3He(in-‐flight K-,n) reaction

Proposal submitted to J-PARC on 2006

K̄NN

1st physics data taking on 2013 





Selected performance 

Λ K0s
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Results : Λpn final state
Λp invariant mass

missing mass

✦ to identify the contribution, 
    global fit performed on 
   Λp missing mass & invariant mass 
    simultaneously 

K� +3 He ! ⇤+ p+ nmissing

✦ neutron is identified kinematically

we can cover large solid angle







• The	  events	  widely	  distribute	  in	  the	  
phase	  space	  →	  Kaon	  absorption	  
by	  three	  nucleons	  are	  dominant	  

• Event	  concentration	  is	  seen	  at	  
TCMn/QCM~0.4



Bound state?
• A	  bump	  structure	  exists	   
near	  the	  K-‐pp	  threshold	  

• Smaller	  momentum	  transfer	   
to	  Λp	  is	  preferred	  (0.8<cosθCMn)	  

Something happened 
Slow Kaon produced 

near by nucleus

neutron→forward
kaon→backward



Bound state?
χ2-‐test	  with	  pole	  &	  3NA(Ypn)	  
–	  S-‐wave	  Breit-‐Wigner	  pole	  
–	  w/	  Gaussian	  form-‐factor



Bound state?
χ2-‐test	  with	  pole	  &	  3NA(Ypn)	  
–	  S-‐wave	  Breit-‐Wigner	  pole	  
–	  w/	  Gaussian	  form-‐factor

submitted to 



New data
✦ We took new data during Nov-Dec/2015 
✦ ~ 50 times more K-+3He→Λpn events are  
  accumulated

• Data	  analysis	  is	  in	  progress

ver
y 

pre
limi
nar
yE151st

E152nd

nmissing	  (Λpn	  events)

~0.2k ~12k

w/	  loose-‐cut	  condition
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high momentum K-
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Hadron Physics with  
high momentum K-

p > 2 GeV/c

Multi-strange  
Baryon spectroscopy



Baryon Mass and width
Copy from PoS: LATTICE2008:125,2008

Width of excited states for Ξ,Ω seems narrow 
compared with nucleon resonances

we may have a chance to find it by experiment!

Excited state of Ξ,Ω baryon are not well established 



Baryon Mass and width
Copy from PoS: LATTICE2008:125,2008

K-p→Ξ0*(1530)π-K+;    pth= 1.835 GeV/c

K-p→Ξ- -(1860)π+K+;    pth= 2.668 GeV/c
K-p→Ξ- *(1950)K+;          pth= 2.536 GeV/c

K-p→Ξ- *(2500)K+;          pth= 2.687 GeV/c
Production cross section ~ a few μb



Baryon Mass and width
Copy from PoS: LATTICE2008:125,2008

Ω production : (very little information are available so far) 
                  Ω(2250) ~ 0.63µb @11 GeV/c 
                  Ω(2470) ~ 0.29µb @11 GeV/c     
High intensity & High momentum K- beam is needed



ΩN bound state? 
(spin-2 dibaryon)

Nucl. Phys. A928(2014)89 HAL QCD Coll.

Lattice QCD calculation  
predict that existence of  

ΩN bound state 

mπ = 875(1) MeV and mK = 916(1) MeV

need detail investigation using Ω-N interaction! 
via K-+p→K+K0Ω reaction on nuclear target!

need high intensity K- > 3 GeV/c beam



Multi-strange baryon 
spectroscopy

• Ξ* spectroscopy can be started and made  
at High-p beam line (unseparated beam).



LOI submitted to J-PARC on April 14/2014

detail will be discussed in Prof. Noumi’s talk



Multi-strange baryon 
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• However, for detail analysis,  
we need high intensity K- beam.

• For Ω* spectroscopy, daintily need high energy 
and high intensity K- beam. 



Multi-strange baryon 
spectroscopy

• Ξ* spectroscopy can be made  
at High-p beam line (unseparated beam).

• However, for detail analysis,  
we need high intensity K- beam.

• For Ω* spectroscopy, daintily need high energy 
and high intensity K- beam. 

High intensity-high momentum-separated beam line 
is needed to proceed projects above





Missing pieces



Missing pieces

high momentum 
high intensity  

separated beam



J-PARC Hadron hall extension

COMET

K1.8

High-p

K1.8BR

KL
K1.1

HIHR

K10TEST BL

• < 2.0 GeV/c 
• ~106 K-/spill

Muon• 30 GeV proton 
• <31 GeV/c unseparated 2ndary beams 

(mostly pions), ~107/spill

• < 1.1 GeV/c 
• ~105 K-/spill

• < 1.2 GeV/c 
• ~106 K-/spill

• <10 GeV/c separated 
pion, kaon, pbar 

• ~107/spill K-, pbars

• 5 deg extraction 
• ~5.2 GeV/c K0 

• Good n/K

• < 2.0 GeV/c 
• 1.8x108 pion/spill 
• x10 better Δp/p

105 m
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High momentum 
high intensity beam line (K10)

30

Design for the detector has been started.
　→　Large solid angle spectrometer　 
            (large solenoid + Dipole in forward)　　

long beam line (~ 70m)  
beam intensity as high as we can

• Typical beam intensity
• K-     : 　10 M/6s @    4-6 GeV/c
• pbar : 　10 M/6s @     10 GeV/c

1029-30/cm/s  
@10 GeV,  

MR:100kW 
Liq.H 25cm
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High momentum 
high intensity beam line (K10)

30

Design for the detector has been started.
　→　Large solid angle spectrometer　 
            (large solenoid + Dipole in forward)　　

long beam line (~ 70m)  
beam intensity as high as we can

• Typical beam intensity
• K-     : 　10 M/6s @    4-6 GeV/c
• pbar : 　10 M/6s @     10 GeV/c

Ξ* / Ω / scalar meson w/ strangeness

charmed meson in nucleus

1029-30/cm/s  
@10 GeV,  

MR:100kW 
Liq.H 25cm



Summary
• Hadron physics programs with strangeness  
at J-PARC are reviewed 
•        interaction(           ) and  
multi-strangeness baryon, Ξ*, spectroscopy 

• New opportunity will be opened with  
high intensity high momentum separated 
beam (   π,K±,pbar  ) which will be realize with 
hadron hall extension  (under discussion) 
• Ω* spectroscopy 
• charmed hadron in nucleus

K̄N K̄NN



https://kds.kek.jp/indico/event/20472/overview



Abstract submission 
    dead line : April/25

MENU2016@Kyoto

If you plan to attend MENU2016, 
we advice to reserve hotel room  
as soon as possible!

July 25-30 
(Scientific program  

will start from 26, 9am)

Because 
(a)July-August is just on the highest 

seasons for tourist in japan 
(b)The climax of one of the famous 

Japanese festival “Gion Matsuri”  
will hold on July 24. 



Thank you  
very much


