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1.2 GeV electron synchrotron 

circumference: 50m 



Reorganization of LNS into ELPH 
  LNS was reorganized to ELPH. 

 Laboratory of Nuclear Science (LNS) 
 attached to Faculty of Science 

 Research Center for  
 Electron Photon Science (ELPH, Elphs Lab) 
 affiliated directly to Tohoku University 

  Elphs Lab started operation from Dec.1, 2009. 

  Elphs Lab will be a Joint Usage/Research 
Center for Electron Photon Science from 
FY2011. 



Researches conducted at Elphs Lab 

  Nuclear Physics 
  Quark Nuclear Physics 
   Penta-quark baryons 
   QCD vacuum 
  Low Energy Nuclear Physics 
   Electron scattering off unstable nuclei 

  Accelerator Science 
  Beam Physics 
   Free electron laser 
   Super coherent light source 

  Radio Chemistry 
   Radio activity in fullerene   

(3 research divisions) 



GeV γ Exp. Hall 

γ counters 

120t magnet 
DC 160cmφ  

layout of beam lines 

NKS detector 

founded in 1966 

1967 

1997 

FOREST 4π EM Calorimeter 

Irradiation station for high intensity γ beams　　　

Experimental apparatus at Elphs Lab 

for QNP 
for Radio 
Chemistry 

low energy beam line 

GeV电子光束 1 
NKS2 

charged particles 

GeV电子光束 2 
SCISSORS2 

neutral mesons 
MeV电子光束 



Research activities 
in Elphs Lab 



 12C(γ,αn)7Be 

γ  ray  irradiation 

12C 

α emission   

Radio-chemistry @ Elphs Lab 
       Discovery of the life time affected by a chemical environment 

T1/2(days) of 7Be 
In C60 
   52.68±0.05 (T=290K) 
   52.47±0.04 (T=5K) 
In Be metal 
   53.12±0.05 

~1.4 % change! 

the largest change 
observed up to now 

PRL 94 (2004) 112501  
PRL 98 (2007) 252501 

7Be in C60 
  fullerene 

previously observed change 
              ~0.1% 

MeV电子光束 



Accelerator science @ Elphs Lab 
            New accelerator principle for a super coherent light source 

New J. Phys. 8 (2006) 292 
coherent radiation 

the 1st isochronous ring 
providing extremely high 
intensity teraHertz lights 

A test ring is now  
under construction. 

novel isochronous ring 

average power 
of macro-pulses 

super coherent  
teraHerz ring 

FEL 

“super coherent  
teraHerz ring” 



Search for precursory phenomena of  
the chiral transition in a high density world 

  Where:  a super high density world  
 in the inside of the nucleus 

  How:  with a photon beam capable of going inside the nucleus 
 and a 4π EM calorimeter 

Quark nuclear physics @ Elphs Lab 
QCD vacuum 

nucleus 

GeV电子光束 



Search for hidden-strange pentaquark baryons 

Investigation of N*(1670) through η channel 

quantum number 
(S=+1) 
impossible to be built-up 
with any 3q system 

anti-decuplet members 

5 year project approved by the Ministry of Education 

Quark nuclear physics @ Elphs Lab 

1540MeV 

1650-1690MeV 

1760-1810MeV 



Quark Nuclear Physics 

at Elphs Lab 

5 year project 



η 
γγ

Single η meson photoproduction on the deuteron 

  N*(1670): a candidate for N5(1670) 

  Determination of the spin and parity of N*(1670) 

neutron 

proton 

deuteron 

(same setup) 

Γ<40MeV 

Data obtained  
in the previous experiments 

100 times  
more statistics! 

with 4π EM calorimeter 
FOREST 

SCISSORSⅡ 
       200 pure CsI 

Quark nuclear physics @ Elphs Lab 

Setup for previous experiments 

strong coupling with η



assembly of detectors 

BG 

S3 

BG 

Raf 

rearrangement of S2 

from SPring-8 

from KEK 

5o-24o                                                                       30o-110o                       110o-175o 



FOREST 



Solid/Liquid  
Hydrogen Target 1m long feeding pipe cooled 

by a GM system               target cell 4.5K 

beam 

BG 

SCISSORSⅢ 
RafflesiaⅡ 



Solid/Liquid Hydrogen Target 
  feeding pipe (4N pure Al)  

 cooled by a GM cooling system  
  length:    1000 mm 

  target cell  
 cooled down to 4.7 K 
  target thickness:   40 mm 
  inner diameter:   61 mm 
  outer diameter:   65 mm 
  window (Aramid):  12.5 µm x 2 

  operation 
  pre-cooling:   3 hours 
  target making:   2 hours 
  target vaporizing:  1 hour 

table of spec. 

Easy switch 
of targets 



Status of data collection 
(period of the project：June 2007ーMarch 2012) 

水素標
的：2.3G events 

重水素
標的：

2.5G events completion for  
data taking 

100 times more η



2γ invariant mass 

BG: 2 neutrals, S3: 0 or 1 particle, Raf: 0, Missing mass: nucleon 
Data obtained in a 3 week run with a H2 target 

FOREST data 
previously obtained data 

2M events π0/day 
40k events η/day 



微分断面積 

重水素標的 



(4 γ events) data: 
most probable 
combination of 
2 pairs of 2γ’s 



Assignment of chiral partners  
in the baryon sector: naïve or mirror 
  mirror assignment 

  experiments to find out the favor assignment 

transformation 
of chiral partners 



naïve or mirror assignment  
in the baryon sector 

W = 1.7 GeV 
Eγ=1.07GeV 

prediction by D. Jido et al. 



events by detecting protons 





Summary up to now  
Previous observation 
  We observed a narrow baryon resonance N*(1670)  

 in the total cross section for the                          reaction. 
  N* shows up on the neutron, but not on the proton at all. 
  N* would be the first candidate for a pentaquark baryon  

 with hidden strangeness in the anti-decuplet. 
On going projects at ELPH (1st stage) 
  We aim to determine the spin and parity of N*(1670). 
  FOREST provides a large amount of data for  

                                          photoproduction. 
  We finished taking data with FOREST in the first stage. 
  We also look into the coupling of N* with the proton with high statistics.  
  Chiral symmetry in the baryon sector will be investigated through  

 the                          reaction at the threshold. 
  FOREST also provides information  

 on very low energy         and            interactions.  



Epilogue 



On going project (2nd stage) 
  New detector construction 

 <requirements for the detector> 

 To be made of single material of detector devices 

  with good energy and position resolutions 

 To have no dead region 

 To have fine granularity  

  good for neutron detection as well 

  Experiments at Sendai and SPring-8 

 <at Sendai> 

                           at the threshold region 

 <at SPring-8> 

                           in the nucleus 

with the new  
γ detector 



900 BGO crystals 
in hand up to now 
as of Sep. 10, 2010 



Construction of BGOegg  
with real scale wooden models 



e+ 

5 × 5  
BGO Crystals 

Scintillating Fiber  
Hodoscopes 

30 

     e+ beam line, 2010/07/05-11 
         energy 100～800 MeV 

    5 x 5 BGO Crystals 
         total : 42 kg 

    PMT  H11334  

    Reflector 
        3M ESR  65 µm  
         (multi-layer structure)      

Measurement of the energy 
resolution of BGOegg  

BGOegg 



Energy resolution of BGOegg 
31 

Constant term 
Statistical term 
Noise term 

Red line 

1.26% @ 1 GeV 
world best! 

overall energy resolution 

€ 

σE

E
= a0

2 +
a1
E

 

 
 

 

 
 
2

+
a2
E

 

 
 

 

 
 
2



Does χS restoration affect the UA(1) problem? 


