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 Masy jąder atomowych mierzone są  w GSI-Darmstadt w pierścieniu 

akumulacyjnym (ESR) przy użyciu dwóch technik – metody 

Schottky’ego (SMS) oraz tzw. metody czasu przelotu (IMS).  

 Tymi dwiema metodami wyznaczono masy dla ponad 300 jąder 

atomowych.  

 W pierwszej metodzie błąd pomiaru był mniejszy niż 30 keV, w 

drugiej wahał się w przedziale 100-200 keV. 

 Ostatnio intensywnie rozwijana jest metoda pomiaru mas, polegająca 

na wielokrotnym odbijaniu jonu w kontrolowanym potencjale 

elektromagnetycznym (Multi-Reflection MR-TOF-MS).  

 Omówię tę metodę wraz z podaniem jej błędu.  

 Omówię też jakość współczesnych modeli teoretycznych w opisie 

masy jądra atomowego. 

 



Mass Measurements of Exotic Nuclides at GSI 
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Stopping Power of Relativistic Heavy Ions 

Break-down of the relativistic Bethe theory,FRS experimental results were the motivationof the new theoretical development by J. Lindhardand A.H. Soerensen  

 

 

Precision Mass Measurements in the ESR 
SMS                                IMS 
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Zasada działania spektrometrów masowych 

 Metody Schottky i IMS 

 M*v*v/R=q*v*B       M/q=(B/2p)*T 

 Bardziej ogólnie:  M/q=f(T), gdzie f(T) to pewna 

(jednoznaczna) funkcja.  

 

 Metoda MR-TOF-MS 

 M*v*v/2=q*dV            M/q=2*(dV/L/L)*T*T 

 

 V=T/L 

 

 



Wyznaczanie mas w metodzie  SMS i IMS 



Velocity Profile of the Electron Beam 

Influence on the Mass Measurements 

 

Systematic Error 
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L. Chen et al., Nucl. Phys. A 882 (2012) 71. 



Correlated mass shift observed in the SMS method 





L. Chen et al. „New results on mass measurements of stored neutron-rich nuclides in the element range 
from Pt to U with the FRS-ESR facility at 360–400 MeV/u” Nuclear Physics A 882 (2012) 71–89 

 

 

 

 

 

 





R.Knöbel et al. „First direct mass measurements of stored neutron-rich 129,130,131Cd isotopes with 

FRS-ESR” Physics Letters B 754 (2016) 288–293  

 



Isochronous Mass Spectrometry IMS 

R.Knoebel and   M. Diwisch 



Mass Surface measured with the SMS + IMS 

 

Masses of more than 1000  

Nuclides were measured 

Mass accuracy: 1.5 ∙10-7 

Mass resolving power: 2 ∙106  

Results: 320 new masses 

In addition more than   

300 improved mass values 
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Mass Measurements of Stored Exotic Nuclei 
at Relativistic Energies  
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II. Multiple-Reflection Time-of-Flight Mass Spectrometer 

Mass 

Measurement 
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W.R. Plaß et al., NIM B 266 (2008) 4560 

W.R. Plaß et al., Int. J. Mass Spectrom. 394 (2013) 134 

T. Dickel et al., NIM A 777 (2015) 172   
Full Mass Range,  

m/Δm ~ 103-104 

m/Δm ~ 105-106,  

Mass Accuracy ~ 10-6-10-7 

m/Δm > 105 

Kinetic Energy 

1.3 keV 

Ions 

Separated 

Ions Mass Resolving Power 
 

 

 

Mass Measurement Accuracy 
 

 

  

Measurement Duration 
 

 

  

Ions required for mass measurement 
 

 

600,000 

down to 10-7 

2…20 ms 

~ 10 ions 

T. Dickel, W.R. Plass 



E. Leistenschneider et al.,  „Dawning of the N = 32 Shell Closure Seen through Precision Mass Measurements 
of Neutron-Rich Titanium Isotopes” , Phys. Rev. Lett. 120, 062503 (2018)    

 
(9 Feb. 2018) 















Single particle spectra with 

indicated the magic nambers for 

spherical  nuclei. Bohr and 

Mottelson, Vol. I. 



 Proton and neutron single-particleWoods-Saxon energy levels calculated for three 
doubly magic nuclei: 208Pb, 270Hs and 298114. Spectroscopic symbol for the orbital 
angular momentum l and the total spin (multiplied by two) 2j are given at each 
level of the spherical nuclei 208Pb and 298114. Projection of spin on the symmetry 
axis of a nucleus (multiplied by two) 2W and parity p  are shown at each level of 
the deformed nucleus 270Hs. 

 



The shell correction has three minima in this region. The first one (about -14 MeV) is 
btained for a doubly magic spherical nucleus 208Pb. The second one (about -7 MeV) 
 

 

 



Figure 14 gives an example of the static spontaneous-fission barrier, calculated for the 
deformed superheavy nucleus 278112. For so heavy nucleus, 4-dimensional space {bl} l 
2, 4, 6, 8, is sufficient for the analysis. There is no macroscopic barrier for such a heavy 
nucleus and that the whole barrier is created by shell effects. One can also see that the 
barrier is very thin. At the deformation b20.66, the nucleus is already outside of the 
barrier. 
 

 

 
Proprties of superheavy nuclei calculated in the macroscopic-microscopic 

approach.   



Liquid Drop Model of Nuclear Binding Energy  
 
The binding energy (B) per nucleon is approximately the same for all (stable) nuclei  
(first noticed in the early 1930s).  
This led Weizsaecker in 1935  to the comparison of the nucleus with a liquid drop, 
which also has a constant density, independent of the number of molecules.  
 

Matomc2=N*Mnc
2+Z*Mpc

2-BN+Z*Mec
2-Be 

 

 

 

 BLD (MeV) =                             B/A(Pb) 

  +15.74063 A              volume        15.7 

  -17.61628 A2/3                  surface        -3.0 

  -23.42742 (N-Z)2/A  symmetry     -1.0 

  -  0.71544 Z2/A1/3        Coulomb       -3.9 

  -12.59898 (mod(N,2)+mod(Z,2)-1)/A1/2 
                               pairing 

 

B/A(Pb)=7.8 MeV 

 

 

 





Exp. Shell correction extracted from measured masses AME-2016.  
For an ilustration N=48. For Z=28 no shell closure.  



Comparison with Theory 

L. Chen 









Streszczenie 

 W GSI Darmstadt wyznaczono ponad 300 mas jąder 

atomowych metodą SMS lub IMS. 

 Czas chłodzenia elektronami w metodzie SMS jest rzędu 

1 s. 

 Metodą IMS można mierzyć masy jąder o czasie życie 

rzędu 1 ms, ale błąd pomiaru jest dosyć duży >100 keV. 

 Metodą MR-TOF-MS wyznaczono wartości mas dla 

izotopów Ti z dokładnością <20 keV dla nuklidów 

żyjących dłużej niż 490 ms. 

 Modele teoretyczne opisują zmierzone masy z 

dokładnością ok. 500 keV 

 


