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 1. Introduction 

Isospin 

1932: Heisenberg applies the Pauli matrices to the problem of  

          labelling the two charge states of the nucleon. 

 

1937: Wigner points to isospin as a good quantum number to     

          characterize  isotopic multiplets (or isospin multiplets). 



 1. Introduction 

Isospin Multiplet 



 1. Introduction 

Isospin Multiplet Mass Equation 

T=3/2 quartet 
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Charge-dependent 

effects 

M(A,T,Tz)=a(A,T)+b(A,T)Tz+c(A,T)Tz
2 

Any charge-dependent effects are two body interactions 

and be regarded as a perturbation.   
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Test the IMME: the case of A=33,T=3/2 

Breakdown of the Isobaric Multiplet Mass Equation at A= 33, T=3/2 

F. Herfurth, PhysRevLett.87.142501(2001) 
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Test the IMME in pf Shell  

f7/2 

 g.s mass 

IAS mass  



CSRe 

SFC (K=69) 
10 AMeV (H.I.), 17~35 MeV (p) 

SSC(K=450)  
100 AMeV (H.I.), 110 MeV (p) 

CSRm  
1000 AMeV (H.I.),  2.8 GeV (p) 

RIBLL1 
RIBs at tens of AMeV 

RIBLL2 
RIBs at hundreds of AMeV 

 

2. Mass measurements in CSRe 
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 Principle of mass measurement in CSRe 
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Principle of mass measurement in CSRe 

Isochronous Mass Spectrometry (IMS mode) 

t 



Detector 

Timing 

Detector 

10 mm  9BeTarget 

t1.395    460 MeV/u 

Measurement 



Ions Identification  

Exp. 

Simultion. 

Procedure of Data analysis 

Signals in Oscilloscope 

CFD algorithm 
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58Ni beam: Revolution Time Spectrum 



58Ni beam: Revolution Time Spectrum 

Sum of 760 sub-spectra, each of which includes  ~100  spills  

34Ar, 51Co:  

same m/q 



  Ion-amplitude identification: 51Co 
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Nuclides for Calibration: 

Nuclides used for M/q calibration are 

within a time window which is not far 

from the isochronous condition.    

M/q = a＋ b T +c T 
2
 + d T 

3 

Xn =1.18 

Mass excesses for the nuclides of interest (58Ni beam) 



0+ 

2+ 

4+ 

6+ 

8+ 

T1/2 = 71 ms 

Ex=2645 KeV 

Obtained  

from 30 turns 

Using  =1.3, we have  

partial T1/2 = 84 (5) ms 

 

theoretical  ICC = 0.334, 

then we deduce  

T1/2 (
94mRu) = 63 (4)  ms 

94Ru g.s 

94Ru isomer 

(54 ) 

Period 

In-ring decay 
is observed 

  Mass and T1/2 of short-lived Isomers in  94Ru 
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  Results from CSRe mass measurements 
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3.  Test the IMME in fp shell nuclides 

M(A,T,T3)=a(A,T)+b(A,T)T3+c(A,T) T3
2 

+ d(A,T)T3
3
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d coeficients increase gradually up to A=53  

for which d is 3.5s deviated from zero. 

Test the IMME in fp shell nuclei 



Shell model calculations 



53Mn gs   53Ni gs    53Fe IAS      53Co IAS   

Mass Excesses  

       uncertainty:   0.6 keV      25 keV        3. 4 keV           19 keV       

More attention should be paid to the excitation  

Energies of IAS’s in 53Co & 53Fe since the errors 

are three times as important as those of the g.s  

masses of 53N and 53Mn for an evaluation of d & 

in checking the validity of the IMME. 



Result from: C. Dossat et al., Nucl. Phys. A792 (2007) 18-86 

Previous results 

Beta-delayed proton 

63% 5.4% 



4.  Summary 

1)  CSRe IMS + interpolation 

     Masses of T3= -3/2 nuclei 

     measured.  

2) Breakdown of quadratic   

    form of IMME found for  

    A=53, T=3/2 quartet  

3) More precise mass measurements of  (53Ni; gs) and  

    (53Co; IAS) are needed in order to check the validity of  

    IMME in the pf-shell nuclides.  



Thank you  for your attention and  

welcome  you to visit IMP, Lanzhou  


