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Storage-ring mass spectrometry �

Construction started from FY2012! �



§ Mass measurements in ESR/GSI	


Experimental setup in ESR/GSI �
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Advantage:	

High resolution (~10-6)	

High efficiency	

Disadvantage:	

Long cooling time (~10 s)	


Advantage:	

Short measurement time (<1 ms)	

Disadvantage:	

Relatively poor resolution (~10-5)	

Small momentum acceptance (~10-3) 	

No particle identification (bunched beam)	


γt=1.37 in ESR�



Isochronous field in ESR �
NIMA446,569(2000)�

~1×10-5 �



TOF detector �

How to deduce mass in IMS �
Signal from TOF counter �

Frequency spectrum �

A=2Z+2�

€ 

m
q

= a0 + a1 f

NIMA446,569(2000)�

δt/t~4×10-5 with 50 turns �



Injection window �

Recent improvement of IMS in ESR �
Bρ tagging technique � Hyperfine Int. 173 49 (2006). �

m/Δm=1.5×105�

m/Δm=5×105�



Results of mass measurements in GSI �



§ Mass measurements in CSRe/IMP	


•  Only IMS is performed in CSRe.	

	
Bρ acceptance : ±0.2 %	

	
m/Δm = 1.8×105	


                  PRL 109, 102501(2012). �



Results of mass measurements in CSRe	

78Kr, 58Ni fragmentation	
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Mass is determined relatively 

k ~ 10-2  
difference of T ~ 1% 
(difference of m/q ~ 1%) 

§ Mass measurements in Rare-RI Ring�

€ 

m1 q = m0 q+Δ m0 q( )For	


PTEP2012, 03C009(2012)�



Rare-RI Ring �RIBF�

Rare-RI Ring in RIBF �

Rare-RI �



-  Cyclotron-like storage ring 	

-  Individual injection	
 High efficiency (~100%)  �

Isochronous mass spectrometry�
Good isochronous field (~10-6) �

Short measurement time (<1 ms) �
Only 1 particle (200 A MeV) is stored.�

Scheme for mass measurements �

F3 

Kicker 
system 

Injection line 

Isochronous 
storage 

ring 

BigRIPS 

selection 
Bρ, TOF  

SHARAQ 

F5 

Trigger signal 

Individual injection 

β measurment 
δβ/β ~ 10-4 �

TOF measurement 
~ 0.7ms (=2000turns) 
If δt~100 ps, 
δt/t = 1.4×10-7 

start 

Identification             
TOF, dE, E 

stop 

This is much better than 
present ESR and CSRe. �



SHARAQ 

RI beam 

Injection line Septum 

Septum Kicker 
system 

stage 
h=3.3m 

TARNII Dipole 

KEK-PS-Q 

- Circumference : 60.35m 
- Momentum acceptance : 1.0% 
- Betatron tune : Qx=1.25, Qy=0.84 
- Beta function : βx=8.1m, βy=13m 
- Dispersion : 67mm/%  

Existing	

apparatus �

This is larger than present ESR and CSRe. �



Isochronous design - Outer 2 sector magnets are modified	

  to achieve a precise isochronous field. 	


Design of cyclotron-like storage ring	


	
We locate trim coils.	


Trim coils	


Sector 
magnet	
 W/o trim coils �

Isochronous field �

Since central field is 1.5T, 	

isochronicity is 2×10-6.�

This is better than present ESR and CSRe. �

Mass resolution in Rare-RI Ring�Trim coils �



Example of mass measurements: case for 78Ni�

JPSJ 79, 073201�78Ni (~0.005cps/pnA in BigRIPS)�



Yield estimation of 78Ni in Rare-RI ring	

~5×10-3 cps/pnA in BigRIPS (Full acceptance)	


Reduction factor from 
BigRIPS �

Energy: 	

~290 A MeV200 A MeV�

~0.9 �

Momentum acceptance	

6%  1% �

1/6 �

Angular acceptance	

80πmm mrad~20πmm mrad �

~1/16 �

Transmission eff. at injection � ~0.8 �
Total� ~0.0075 �

4×10-5 cps/pnA  ~3 events/day/pnA in Rare-RI ring	


Still feasible!	




78Ni�

Known mass	

 (AME2012)� ~3events/day�

~0．1cps �

N=50�

Measured  in 	

NSCL(2011)�

m/q~2.64 �



Accessible area in Rare-RI Ring �
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Present status of construction �

March 2013 �



FY2013 � FY2014 � FY2015 �
FY2016 
FY2017 �

Preparation Commissioning� Mass 
measurement�

Mass 
measurement�

- Trigger system 
- Control system 
- Beam monitor 
- NMR monitor 
- Excitation 
- Chamber baking 
- Connection to  
  SHARAQ 
R&D 
- Kicker system 
- Schottky system 
- TOF detector 
... 

Primary beam 

Performance check 
- Individual injection 
- Extraction 
- Accumulation 
- Isochronous tuning 

Day 1 experiment 
78Ni�

Around the  
waiting point 

of r-process path 
N=50, 82, 126 ... 

Schedule of mass measurements in Rare-RI Ring �

Now!�



§ Summary	


•   Construction of Rare-RI Ring started from 2012 April. 	

•  Rare-RI Ring will be completed until the end of FY2013. 	

•  Only 1 particle is stored in Rare-RI Ring by individual 

injection. 	

•  m/Δm~10-6 with δp/p~±0.5% because of cyclotron-type 

storage ring (isochronous storage ring). 	

•  Mass measurement in Rare-RI Ring will start from the end 

of 2014. 	

•  Mass measurement for 78Ni is quite feasible. 	

•  In Rare-RI Ring, we can newly measure the mass for ~600 

nuclei.  	
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