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= N×    +Z×     
    － binding energy 

Mass → binding energy → interaction 

Filed of application Required uncertainty 

Chemistry: identification of molecules  10−5–10−6 

Nuclear physics: shells, sub-shells, pairing 10−6 

Nuclear fine structure: deformation, halos  10−7–10−8 

Astrophysics: r-process, rp-process, waiting points  10−7 

Nuclear models and formulas: IMME  10−7–10−8 

Weak interaction studies: CVC hypothesis, CKM unitarity  10−8 

Atomic physics: binding energies, QED  10−9–10−11 

Metrology: fundamental constants, CPT  10−10 

K. Blaum, Physics Reports 425 (2006) 1–78

Nuclear Mass 



Nuclear Mass 

 

prediction  7000-9000 

discovery          ~3400 

Mass-known     ~2500 

        <100keV   ~2300 

 

M. Wang et al., CPC 41,030003 (2017) 



ESR 

CSR 

RIBF 

• time： Bρ-TOF, IMS < MRTOF < PTMS < SMS 

• precision： PTMS > SMS, IMS, MRTOF > Bρ-TOF 

• many masses simultaneously 

Present activities 



Heavy Ion Research Facility in Lanzhou (HIRFL) 
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Mass measurement at CSR, Lanzhou 



m/q = 

a0+a1*t+a2*t
2

+a3*t
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PRC 98, 014319 (2018) 



Measurement time and precision 

TOF1 TOF2 



Measurement time and precision 



Measurement time and precision 
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Measurement time and precision 



Correction for magnetic-field drift 



Y.M. Xing, Y.H. Zhang*, M. Wang* et al., NIM A 941 (2019) 162331 

Correction for magnetic-field drift 
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Higher precision 
 
First time 

Primary beams: 78Kr, 36Ar, 58Ni, 86Kr, 112Sn 

precision 

10-6 ~10-7 

(10-200 keV)  



Masses of  101g,mIn 
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Masses of  101g,mIn 



arXiv:1907.04584 

Masses of  101g,mIn 

https://arxiv.org/abs/1907.04584


T=L/v 

Bρ=m/q βγc 
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Double-TOF IMS at CSRe 
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Double-TOF IMS at CSRe 



2018 2013 2013 2015 2016 

Installation 

of two TOF 

detectors  

D-TOF IMS with 78Kr, 
test of detectors  

D-TOF IMS with 36Ar, 

optical setting of 

CSRe  

D-TOF IMS with 40Ar, 

optical setting of CSRe  

2017 

D-TOF IMS with 
58Ni 

2018 

D-TOF IMS with 
58Ni 

Double-TOF IMS at CSRe 



2018 2013 2013 2015 2016 

D-TOF IMS with 78Kr, 
test of detectors  

D-TOF IMS with 36Ar, 

optical setting of 

CSRe  

D-TOF IMS with 40Ar, 

optical setting of CSRe  

2017 

D-TOF IMS with 
58Ni 

2018 

D-TOF IMS with 
58Ni 

W. Zhang et al., NIM A 756 (2014) 1 

Y. M. Xing et al., Phys. Scr. T166 (2015) 014010; 

 X. Xu et al.,CPC 39(2015)2015 

Installation 

of two TOF 

detectors  

Double-TOF IMS at CSRe 



Double-TOF IMS at CSRe 



Double-TOF IMS at CSRe 



2018 2013 2013 2015 2016 

D-TOF IMS with 78Kr, 
test of detectors  

D-TOF IMS with 36Ar, 

optical setting of 

CSRe  

D-TOF IMS with 40Ar, 

optical setting of CSRe  

2017 

D-TOF IMS with 
58Ni 

2018 

D-TOF IMS with 
58Ni 

Installation 

of two TOF 

detectors  

W. Zhang et al., NIM A 756 (2014) 1 

Y. M. Xing et al., Phys. Scr. T166 (2015) 014010; 

 X. Xu et al.,CPC 39(2015)2015 

Double-TOF IMS at CSRe 



R.J.Chen, X.L.Yan, W.W.Ge, Y.J.Yuan*, M. Wang* et al., NIM A 898 (2018) 111. 

27Si 

54Ni 

γ < γt 

γ > γt 

Double-TOF IMS at CSRe 



W.W. Ge et al., NIM A 908 (2018) 388-393  

dipole quadrupole 

sextupole 
C = T × v 

Double-TOF IMS at CSRe 
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Double-TOF IMS at CSRe 



Beam  

X. L.Yan et al., NIM A 931 (2019) 52 

Double-TOF IMS at CSRe 



Uncertainty Example：
σ1=σ2=30 ps，
η1=η2=20%，

N=400 

Coincident 

signals 
10.5 ps，
1.2×10-4 

Independent 
fitting 

9.5 ps，1.1×10-4 

Combined  

fitting 
4.7 ps, 5.6×10-5 

TOF1 TOF2 

Double-TOF IMS at CSRe 
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28P 

44Vgs+Iso. 
52Cogs+Iso. Raw revolution time 

spectrum 

Raw revolution time 

spectrum vs C 

 

52Cogs+Iso. 

Primary beam : 58Ni, Dec. 2017 

Double-TOF IMS at CSRe 
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Double-TOF IMS at CSRe 



44Vgs+Iso. 
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Magnetic correction 

Double-TOF IMS at CSRe 



44Vgs+Iso. 
53Cogs+Iso. 

28P 
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Orbital correction 

Double-TOF IMS at CSRe 



Setting 

No velocity corr. 

With velocity 

corr. 

44V g.s. + is.(~270keV) 52Co g.s. + is.(~380keV) 

No velocity corr. 

With velocity 

corr. 

Double-TOF IMS at CSRe 
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十二五装置HIAF总体规划 

Thank you！ 



Thank you! 


