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Rare-RI ring for ion storage
Mass-measurement tool for short-lived nuclei (half life <1ms)

with Isochronous Mass Spectrometry (IMS)
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measure relative mass-to-charge ratio 
by isochronous magnetic field

Time-of-flight(TOF) detector to measure the β and the circulation time (T)

TOF in transport ~1μs
→ β(v/c)

TOF in the ring ~1ms
→ Circulation time

2

Prog. Theor. Exp. Phys., 2012 (2012) 03C009. 

T0, m0 q0: circulation time, mass, charge of reference nucleus
T1, m1 q1: circulation time, mass, charge of target nucleus

stop signal start signal

v Rare RI ring

Big RIPS

Yoshitaka Yamaguchi presented at Tuesday session



Requirements for TOF detector

1.　Time resolution σ < 100 ps for Δ(m/q)/(m/q) ~ 1×10-6

　   TOF for injection line ~1μs　→　Δβ/β ~ 1×10-4

　
2.　Detection efficiency should be 100%

3.　Detector should be as thin as possible
　   Minimize of change of velocity by energy loss
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TOF detector with secondary electrons

Performance of the previous detector 

Nucl. Inst. Meth. 148 (1978) 503
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Nucl. Inst. Meth.  A 821 160 (2016)
Nucl. Inst. Meth. A 756(2014) 1
Nucl. Inst. Meth. A 624(2010) 109

ESR / CSRe

Foil 
Carbon   

(10-19 μg/cm2)

Magnetic field [Gauss] ~84

Electric field [V/mm] 160 - 180

Time resolution σ [ps] ~30

Detection efficiency [%] 70 - 83

Nucl. Inst. Meth.  A 821 160 (2016)
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Magnetic field : ~172 Gauss   increase!
Electric field : <670 V/mm   increase!
Foil (1) : Carbon (50 μg/cm2)
Foil (2) : Gold coated (168 μg/cm2) per side on 2μm mylar
Effective area of MCPs : Φ14.5 mm

Prototype TOF detector
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Top view

MCP

MCP

ION

ION
B

weak B,E (slow collection)

strong B,E (rapid collection) 
→ detect more electrons
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84Kr(36+) of 200 MeV/nucleon provided by HIMAC
(Heavy Ion Medical Accelerator in Chiba) at NIRS

Performance test with heavy ion
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Results

Detection efficiency
Forward : 99(3)%,
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Forward
σ = 30.4(5) ps

Backward
σ = 31.9(5) ps

Foil : Carbon 50μg/cm2

B = 172 Gauss 
E = 606 V/mm

Detection efficiency
Backward : 99(3)%
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Position dependence of efficiency

Carbon foil
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Position dependence of total TOF
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• Sufficient detection efficiency of 99% was obtained by thin carbon.    
No need to use thick gold coated mylar.

• Time resolution was achieved σ <100 ps.

• No serious position dependence of detection efficiency and TOF.

• We are now developing large acceptance detector using larger 
MCP (Φ42mm) for mass measurements with the rare-RI ring.

Conclusion and further development
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Corroborators
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Phys. Rev. A 41(1990)2521

dE/dx : stopping power [keV/(μg/cm2)]

Λ : constant of proportionality [(μg/cm2)/keV]
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Yield of secondary electrons

NSE � �
dE

dx

Number of SEs by 84Kr of 200MeV/u
Carbon 

Λ = 7

Nse ~ 40

  

Gold 

Λ= 60 (Ref. Phys. Rev. B 39, 6316)

Nse ~ 180 

Carbon target



Ref. Springer Trac. Mod. Phys. 123, “Particle Induced Electron Emission Ⅱ” (1992) [cited at p.109]
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Energy spectrum of secondary electron



Position dependence of efficiency
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xとyを入れ替える。磁場で曲げる方向をxにする。

MCPの大きさを示す。

水平方向の効率が悪い理由を絵を使って示す。



Position dependence of efficiency
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In the case of carbon at E = 606V/mm, 
Forward : efficiency 0.9993(3),  σ = 32.2 (2) ps
Backward : efficiency 0.9984(4), σ = 27.0(2) ps
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F or B

Best E=606 V/mm

Carbon, Gold

Electric field dependence of efficiency


