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1.  Principle of ║r-defined IMS 
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1.  Principle of ║r-defined IMS 
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1.  Principle of ║r-defined IMS 

58Ni beam

15O
♬ ♬◄

38Ca
♬ ♬◄

29P
♬ ♬◄



5

TOF
2

TOF
1

1.  Principle of ║r-defined IMS 

From ╣ȟ○ȟ
□

▲
̆ᴼ ║ⱬȟ╒

╒ ╣ɇ○ 

║
ⱬ
□
Ⱦ▲
ɇ
♬
○

□

▲
║r

○ ○╬



6

Accuracy of velocity determination is of top importance 

1.  Principle of ║r-defined IMS 
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Accuracy of velocity determination is of top importance 

1.  Principle of ║r-defined IMS 
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1.  Principle of ║r-defined IMS 
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2. Velocity determination with two TOF detectors
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45V23+

Ў◄▒ȟj=1, 2, 3Σ Χ 

Ў◄▄●▬determinations 

using coincidence time stamps

Too large uncertainty
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2. Velocity determination with two TOF detectors
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polynomial fit to all time stamps

2. Velocity determination with two TOF detectors
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2. Velocity determination with two TOF detectors
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æThe polynomial function describes  
ion motion with a mean orbital length 

æThe sine-like terms describe the 
periodic time fluctuations due to 
betatron oscillations.

Ў◄▄●▬determinations considering betatron oscillation of stored ions
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2. Velocity determination with two TOF detectors
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2. Velocity determination with two TOF detectors
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2. Velocity determination with two TOF detectors
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2. Velocity determination with two TOF detectors
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2. Velocity determination with two TOF detectors
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3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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æCalibration with known -mass nuclei
in order to find the correct ὒÁÎÄЎὸ

æProcedure:
Minimize the …  by varying ὒÁÎÄЎὸ
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3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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Using the new ╛and Ў◄▀values:
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3. Realization of ║r-defined IMS
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æError estimation 
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3. Realization of ║r-defined IMS
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Masses and uncertainties 
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Masses and uncertainties 
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Mass resolving powers are significantly improved after field drift correction 
for all nuclides in the large m/q-range ofЎάȾή πȢρπόὩ

□
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3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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velocity velocity

Asymmatric ╣and ○distributions  

3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS

LISE++
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3. Realization of ║r-defined IMS
All ions
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3. Realization of ║r-defined IMS
All ions
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Br(Tm)
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3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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IMS @ GSI

Eur. Phys. J. A52, 138 (2016) Hyperfine Interact 173: 49 -54 (2006

3. Realization of ║r-defined IMS

s= 172 keV
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5 keV uncertainty

Re-determined masses of╣╩ nuclei

3. Realization of ║r-defined IMS

5 keV uncertainty
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Check the mass accuracy of  the ║r-defined IMS

( Ȣ Ȣ
Ɑ
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3. Realization of ║r-defined IMS
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Mass accuracy of the MR-TOF-MS at GSI PHYSICAL REVIEW C 99, 064313 (2019)

Weighted mean of all relative deviations: ( Ȣ Ȣ
Ɑ
Ȣ

3. Realization of ║r-defined IMS
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Mass accuracy using MR-TOF-MS at RIKEN Mass accuracy using ║r-IMS at IMP

5 keV uncertainty

3. Realization of ║r-defined IMS

Comparison with MR-TOF-MS@RIKEN

S. Kimura et al., IJMS 430, 134(2018)
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║r-IMS at IMP

3. Realization of ║r-defined IMS

Nucl . Phys. A 756, 3 (2005)

ἡἙἡat GSI

Ɑ 28 keV

Comparison with SMS @ GSI
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Advantages of ║r-defined  IMS

1) Fast measurement:  ὸ πȢράί

2) High sensitivity: ὥίὭὲὫὰὩὭέὲȟ„ σͯ υ ή(keV)

3) High efficiency:   ὸὩὲίέὪὭέὲίὭὲὥίὭὲὫὰὩὶόὲ

4) High precision:    on par with PTMS for short-lived nuclei

5) Zero background: background-free measurements 

3. Realization of ║r-defined IMS
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3. Realization of ║r-defined IMS
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Kr-70

Se-66
As-64

Ge-62
Ga-60

Zn-58

66Se

65As

68Se

64Ge

70Kr

69Br

Waiting points 
in rp-process

78Kr78Kr primary beam 
+║r-IMS

4. New masses from the  ║r-defined IMS 

58Ni primary beam
+║r-IMS

36Ar primary beam
+║r-IMS
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4. New masses from the  ║r-defined IMS 

58Ni beam

M. Zhang et al., Eur. Phys. J. A 59: 27(2023)
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4. New masses from the  ║r-defined IMS 

78Kr beam M. Wang et al., Phys. Rev. Lett. 130, 192501 (2023)
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4. New masses from the  ║r-defined IMS 

╣╩ 1 nuclides

╣╩ 3/2 nuclides

58Ni beam
M. Zhang et al., Eur. Phys. J. A 59: 27(2023)

M. Wang et al., PRC 106, L051301(2022) 
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66Se/33Cl & 65As

4. New masses from the  ║r-defined IMS 

78Kr beam
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4. New masses from the  ║r-defined IMS 

78Kr beam
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Validity of IMME for T=3/2 multiplet at A=55

╜ ═ȟ╣ȟ╣◑ ╪═ȟ╣ ╫═ȟ╣╣◑ ╬═ȟ╣╣◑ ▀═ȟ╣╣◑

Neutron

P
ro

to
n

M. Zhang et al., Eur. Phys. J. A 59: 27(2023)
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Isovector

component of NN 

interaction

Isotensor

component of NN 

interaction

Sensitive to the WF

of valence particles

which contains 

particular nuclear 

structure information

Average properties 

like Coulomb radius

or pairing 

Coulomb interaction is the main contributor

╜ ═ȟ╣ȟ╣◑ ╪═ȟ╣ ╫═ȟ╣╣◑ ╬═ȟ╣╣◑

70Kr

70Br

70Se

╫ ╜ ╜ Ⱦ

╬
╜ ╜

╜

Charge symmetry

Charge independence

IMME:

The ground state mass of 70Br  (W.J. Huang et al., PRC submitted)
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For T=1 multiplets ╬
╜ ╜

╜

Deviate from systemeatics

The ground state mass of 70Br  (W.J. Huang et al., PRC submitted)


