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What is SHARAQ?  
  SHARAQ is a high resolution magnetic spectrometer 
      for unstable (secondary) beam experiments. 

  Grant-in-Aid of MEXT at 2005.  
     (ICHOR program: H.S. spokesperson) 
     initiative of University of Tokyo (UT) 

  UT - RIKEN collaboration (joint venture). 
  SHARAQ spectrometer: UT 

•  Department of Physics 
•  CNS 

  Beam line + infrastructure : RIKEN  

  Collaborations 
  SHARAQ: G. Berg(Notre Dam), A. Zeller(NSCL),  
      Focal plane det.: P. Chomaz(GANIL) + … ; MOU(UT-GANIL) 
  ICHOR: R. Zegers(NSCL) 
  

   



Experimental room E20 @RIBF  
 14 July 2008 – 19 October 2008
  

Documentary film of SHARAQ construction

on schedule! 
   

Conclusion:  
   



SHARAQ  Characteristic 

Energy resolution 
 ΔE ～500keV  for A=12、E/A=300MeV particle 
  0.5MeV/(300×12)MeV = 1.3×10-4 

 →　corresponds to momentum resolution of p/Δp ~15000 

Angular resolution   ⇔　momentum transfer resolution 
  ex. 12N, 300MeV/A  9GeV/c 
 CRITERION:  Δq < 0.1 fm-1  
  Δq ～　p(beam)×Δθ   →　　Δθ < 2 mrad 
    Δθ = 1 mrad 

• QQDQD type 
• Maximum rigidity 6.8 Tm 
•   Δp/p = 14700 
• Dispersion matching  (x|δ), (θ|δ) 
• Angular resolution < 1 mrad 
• Solid angle 2.7 msr / 4.8 msr 
• Rotatable (-2 to 15 degree) 
• Weight 500 tons 
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Δp/p ~ 1/15000 
Bρ = 6.8 Tm 

SHARAQ Spectrometer 

SHARAQ Beam Line 

Room: E20 

High-resolution beam line for SHARAQ 
Large momentum spread of RI beam 
    200 MeV/A 12Be beam with Δp/p = ±0.3% → ΔE ~ 30 MeV 

Need a high resolution beam line  
with the dispersion matching technique. 

lateral dispersion matching for high momentum resolution. 
angular dispersion matching for high angular resolution. 



BigRIPS 

SHARAQ 
Beam Line 

F3 

Target 

Matching conditions are satisfied. 
Symmetric design is introduced. 

STQ10-11, STQ8-12, STQ13-S1 are symmetric. 
19 DOFs for 34 Quadrupoles. 
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Δθx= +/- 10 mr, Δθy= +/- 30 mr,  
Δx = +/- 3 mm, Δy = +/- 3 mm, ΔP= +/- 0.3 % 

High- Ion Optical Calculation (1st order) 
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 pout/PID 

 pF3 /Spot Size monitoring "

 pbeam "

•  Confirmation of  beam transport 
•  (x,y) and (x’,y’) at all points 

Experiment 

Beam Tuning 

•  pF3 : essential for DM correction 
•  pout: Reaction Q value 
•  pout-pbeam : Scattering Angle  

Beam-line/SHARAQ focal-plane detectors 

Detectors: 
    beam-line : 6 sets 
    focal plane : 1 set



Schedule (target date)  

Commissioning:   Starts March 2009! 
To do lists 

SHARAQ 
   magnetic field measurements 
   establish optics [ANL/NSCL?] 
   target chamber 
   focal plane detectors (CRDC+…) [GANIL] 
   data acquisition system 
   vac. system 
   etc. 

Beam line 
   dipole(2), STQ(3) and Q(3) magnets to be equipped.  
   focal plane detectors (6 sets)　for beam diagnosis. 
   infrastructure 
   control system 
   DAQ 
   etc. 



UT and RIKEN(Nishina Center) Collaboration

 Strong collaboration is essential ! 
  MOU for SHARAQ spectrometer(2006) 
  Meetings 

•  UT-Nishina Center: once/month 
•  Construction group: 1-2/month 

 Operation after commissioning (to be discussed) 
  MOU 
  Similar to CRIB, (operation+maintenance by CNS) 

•  Collaboration base 

   Commissioning (to be discussed) 
  development of light-ion unstable beams 

             12B,12N, t, 8He etc. 
  Dispersion matching including initial measurements [(12B,

12C), (t,3He) etc.],  test of exothermic reaction. 



MOU between UT and RIBF 



Backup slides



Why Exothermic HICE reaction ? 

   GT-type transition (L=0) : q=0 important.   

    q=0 can be achieved!  

   spin-isospin selection: △S=1, △T=1   

    (cf. △S=±1, △T=1 for (p,n)/(n,p)) 

  (12B,12C)/(12N,12C) reaction       

  (cf. (12C,12B)/(12C,12N) reaction ) GT 

DGT 

IVSM 

   utilize mass excess of unstable nucleus. 



 Breathing (compression) mode  

Isovector Spin Monopole Resonance 

 (p,n)  @795MeV  
   D.L. Prout et al., PRC 63 (2000) 014603. 
  A≥90 
  Tp≥500 MeV 

 only β- direction ! 

 (3He,t) @900MeV  
   A. Brockstedt et al., NPA 530 (1991) 571. 
  A ≥54 
  Th≥300 MeV/A 

 (3He,t) @450MeV  p-decay 
 R.G.T.Zegers et al. PRL 90 (2003) 202501  
  A =208 
  Th=150 MeV/A 

(p,n) 
HICE 

795 MeV 



IVSMR with exothermic HICE reation 

  IVSMR 
 β- & β+ directions 

•  (12N (1+) ,12C), (12B (1+),12C) 
•  Q=+17 MeV/ +13 MeV 

–  Compression mode with στ 
•  O ~ r2στ

–  Ex, width 
•  Spin compressibility of 

nuclear matter 

 GT strengths @ higher 
Ex 

q 

ω

0.2 fm-1 

Single Charge Exchange 
Reaction 
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50 MeV 

12C 12N (q,ω) 



High-resolution beam line for SHARAQ 

(lateral) dispersion matching for high momentum resolution 
angular dispersion matching for high angular resolution 

Large momentum spread of RI beam 
    200 MeV/A 12Be beam with Δp/p = ±0.3% → ΔE ~ 30 MeV 

Need a high resolution beam line  
with the dispersion matching 
technique. 
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Higher Order Aberration 
Δθx= +/- 10 mr, Δθy= +/- 30 mr,  Δx = +/- 3 mm, Δy = +/- 3 mm, ΔP= +/- 0.3 % 
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1st Order  

Three oct. mags. significantly 
improve the aberration. 



SHARAQ S800 Grand 
Raiden 

Configuration QQDQD QQDD QSQDMD 
Modes Standard High 

resolution Large 
acceptance 

Maximum Rigidigy [Tm] 6.8 6.8 6.8 4 5.41 
Dispersion (D) [m] 5.86 5.86 5.86 9.5 15.4 

Horizontal Magnification 
(Mx) 0.40 0.3 0.52 0.74 -0.41 

D/Mx [m] 14.7 19.8 12.0 12.8 37 
Momentum resolution 

(object size : 1mm) 14700 19800 12000 20000 37076 
Vertical Magnification 

(My) 0 0 0 0   6.0 
Horizontal angular 
resolution (mrad) ~1 ~1 ~1 2 2 
Vertical angular 

resolution (mrad) ~1 ~1 ~1 2 3‐5 
Momentum acceptance +/-1% +/-1% +/-1% +/-3% +/- 2.5 

Horizontal angular 
acceptance (mrad) +/-17 +/-17 +/-34 +/- 20 
Vertical angular 

acceptance (mrad) +/-60 +/-60 +/-60 +/- 40 
Flight Path length (m) 20 19.4 13.1 
Dispersion Matching x & θ x & θ x x & θ 



特別推進研究中間ヒヤリング

SHARAQスペクトロメータ

磁気剛性範囲　　　　 1.8‐6.8 Tm  
運動量分解能(p/dp) 14700 
立体角　　　　　　　　     2.7 msr 
角度アクセプタンス　　　±17 mrad (横)
                                         ±51 mrad (縦) 
角度分解能　　　　　　 1 mrad　
回転範囲                     ‐2度から＋15度
総重量　　　　　　　　　　   500トン



Requirements of Tracking Detectors 
for dispersion matching 

- Little disturbing of the beam 
 Low Multiple Scattering: ~1 mrad (σ) 

Low Energy Straggling: < 1/1650 (Energy Resolution of BigRIPS)  
- Precise measurement of the beam trajectory 

  High Position Resolution: ~300 µm (FWHM) 
  [ 30 cm*1 mrad ~ 300 µm ] 
for using RI Beam 

- Overcoming of Low intensity 
 High Detection Efficiency → 100 % for light particles 

in Beam-line detectors, especially 
- Operate under High Counting Rates → ~1 MHz 

We have selected  
 Drift Chambers Operated with Low Pressure 



Design of Beam-line Detector 
Specifications: 

Beam 

Cathode 

Cathode (Y) 
Anode (X) 

Anode (Y) 

MWDC with low gas pressure 
(100*100 proto-type) 

Cathode (X) 

Thickness 
•  Gas Window: 12µm 
•  Cathode: 2.2µm 
•  Anode wire: 20µmφ  
•  Potential wire: 75µmφ  
•  Gas: isobutane 75~150 Torr 
•  Total: t/LR ~ 10-4 

Effective area :  
　　　100×100 (for achromatic focus)  
　　　216×144 (for dispersive focus) 
Readout (100×100/200×140) 

•  Anode: 32 ch / 88 ch  
•  Cathode: Delay Line 4 ch (X,Y) 

Position Info. 
•  Anode: Wire ID + Drift time 
•  Cathode: Delay-line 

Detector setup at each focus of BL 

Plastic Scinti. MWDC MWDC 

Beam 



Design of Focal-Plane Detector 
Setup 

Cross-section view  
and specification of CRDC 

Size of CRDC 

PID by TOF-ΔE-Bρ



MWDC Test using Alpha source 

Estimate: 
•  Position Resolution of Delay-line readout (Cathode)  
•  Avalanche gain as functions of Gas Pressure and HV 

α  Stops in exit window 
Multiple scattering in Gas~1 deg. 

- First operation of MWDC (proto type)  
-  Debug/Development of  
   pulse-processing electronics and Data acquisition 

Setup 

(Vacuum) 

Purpose 

inside 



Position Resolution of Cathode 

Y cathode ∝ Y1-Y2 (a.u) 

Y 
A
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Y cathode ∝ Y1-Y2 (a.u) 

~3mm 

~1mm 

C
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Position deduced from Cathode is consistent. 
Resolution may be less than ~1 mm 

Though not taking into account … 
•  α incident angle 
•  multiple scattering  
•  and so on… 


