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Isospin symmetry 

 1932, Heisenberg, “Isospin”:

the concepts of charge-symmetry and independence can 

result in identical behavior of proton and neutron.

 1937, Wigner, “Isobaric Analog State (IAS)”：

𝑇𝑧 𝑝 = −1/2, 𝑇𝑧 𝑛 = 1/2

𝑉𝑝𝑝 = 𝑉𝑛𝑛 𝑉𝑝𝑝 + 𝑉𝑛𝑛 = 2𝑉p𝑛

𝐴, 𝑇, 𝐽𝜋,
𝑇𝑧 = −𝑇,−𝑇 + 1,… , 𝑇 − 1, 𝑇



Coulomb displacement 
energy

 Coulomb displacement energy

Odd-even staggering of coulomb displacement energy

 Triplet displacement energy

𝐶𝐷𝐸 𝐴, 𝑇, 𝑇𝑧 = 𝑀𝑇,𝑇𝑧 −𝑀𝑇,𝑇𝑧+𝑝 + 𝑝Δ𝑛𝐻

Δ𝐶𝐷𝐸 𝐴, 𝑇, 𝑇𝑧 = 𝐶𝐷𝐸 𝐴 + 2, 𝑇 − 𝐶𝐷𝐸 𝐴, 𝑇

𝑇𝐷𝐸 𝐴, 𝑇 = 1 = 2𝑀𝑇,𝑇𝑧=0 −𝑀𝑇,−1 −𝑀𝑇,+1

𝑇 = 1/2 𝑇 = 1



Isovector and Isotensor

Kaneko, Sun, Mizusaki, Tazaki, Phys. Rev. Lett. 110 (2013) 172505

𝐼𝑠𝑜𝑣𝑒𝑐𝑡𝑜𝑟 𝐼𝑠𝑜𝑡𝑒𝑛𝑠𝑜𝑟
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Setup of 58Ni experiment

DT

Detector

CSRe was operated as IMS

gt=1.395, Br=5.677Tm

6.4MeV/u 58Ni19+ (SFC)

Accelerated to 463.36 

MeV/u 58Ni19+ (CSRm)

PF

striper

TOF detector measures Rev-time
e-

MCP



Data analysis of IMS



Influence of magnetic drift

Magnetic drift

B: 18 ps

P

Momentum spread



B.2.4 最优算法：加权平移Weighted shift correction

Weighted shift 



Revolution time Spectrum
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PID of 34Ar and 51Co
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The mass of 51Co

The experimental masses of 51Co and 34Ar

 ME(51Co) = -27342(48) keV

 ME(34Ar) = -18379(15) keV

The masses of 51Co and 34Ar in AME

 ME(51Co) = -27274#(149#) keV

 ME(34Ar) = -18377.387(335) keV



Outline

 Introduction:

 Charge and frequency resolved isochronous 

mass spectrometry:

 Coulomb displacement energy:

 Summary



Mirror nuclei with T=3/2

P.Shuai, et al. Physics Letters B 735 (2014) 327–331 



The Ex of the IAS of 51Fe
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Summary

 We developed the charge and frequency resolved 

isochronous mass spectrometry for ions very close m/q.

 I developed a new method to correct the magnetic shift in 

IMS experiments. The new method is the key improvement 

of IMS for mass measurements of isomers.

 We have measured many new masses near the proton-

dripline. The investigation of coulomb displacement energy  

indicates the isospin nonconserving forces should be 

considered in the shell model calculation of fp-shell.
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