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Predicted 7000-9000

Discovered ~3400

Mass measured ~2550

Chinese Physics C 45,030001 - 030003 (2021)

Atomic Mass Evaluation

AME2020

= N× +Z×
－ binding energy



R3

MRTOF

ZDS-TOF

CPT

LEBIT

S800-TOF
TITAN

MRTOF

SHIPTRAP

ESR

MRTOF

JYFLTRAP

ISOLTRAP 

MRTOF

TRIGTRAP

CSRe

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

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

• many masses simultaneously

Nuclear mass measurements
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Isochronous mass spectrometry at CSRe

112Sn,78Kr,86Kr,58Ni…



Red: Tz= -1 

Blue: Tz= -1/2 

Beam: 58Ni

Isochronous mass spectrometry at CSRe

Measurement 

time：
200 s
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New scheme for mass measurements



Precision velocity measurement, accurate calibration, 

correction for the fluctuations of magnetic fields…… 

New scheme for mass measurements
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➢ Precision in-ring velocity measurement

➢ Impact of the Betatron oscillation

Betatron oscillation
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Bρ-defined isochronous mass spectrometry



Traditional method

Bρ-defined isochronous mass spectrometry

X. Zhou el al., Physical Review Accelerators and Beams, 24 (2021) 042802



Bρ-defined isochronous mass spectrometry

𝐶 = 𝑇𝑒𝑥𝑝 ⋅ 𝑣𝐵𝜌 =
𝑚

𝑞
⋅ 𝛾𝑣，



Bρ-defined isochronous mass spectrometry

high resolving power, high precision, single-particle 

sensitivity, short measurement time, broadband

Conventional IMS

B-defined IMS

M. Wang et al., Phys.Rev. C 106, L051301 (2022)

M.  Zhang et al., Eur.Phys.J. A 59, 27 (2023)
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94mRu

Phys. Lett. B 781, 358 (2018) 

Measured for the first time

Precision improved

Isomeric state

Phys. Rev. C 96, 031303 (R) (2017)

Phys. Rev. Lett. 106, 112501 (2011)

Phys. Rev. C 107, 014304 (2023)
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New Mass Results

using B-defined IMS



New mass results



New mass results

All relevant separation energies around the 
64Ge waiting point are precisely determined.

H. Schatz, W.J. Ong, The Astrophysical Journal, 844,139 (2017)



New mass results

X. Zhou et al., Nature Physics 19, 1091 (2023)

GS 1826-24 
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Proton-neutron interaction and the three-nucleon force

New mass results
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➢ Residual proton-neutron interactions (δVpn) 

decrease (increase) with increasing mass A 

for even-even (odd-odd) nuclei.

➢ Ab initio calculations with a chiral three-

nucleon force (3NF) included indicate the 

enhancement of the T=1 pn pairing over the 

T=0 pn pairing in this mass region.

Proton-neutron interaction and the three-nucleon force

New mass results



Vpn

core

even-even

nuclide

odd-odd

nuclide

➢ Residual proton-neutron interactions (δVpn) 

decrease (increase) with increasing mass A 

for even-even (odd-odd) nuclei.

➢ Ab initio calculations with a chiral three-

nucleon force (3NF) included indicate the 

enhancement of the T=1 pn pairing over the 

T=0 pn pairing in this mass region.
M. Wang et al., Phys. Rev. Lett. 130, 192501 (2023)

New mass results

Proton-neutron interaction and the three-nucleon force
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HuiZhou

LanZhou

Staff : 990

Students: 543

Founded 

in 1957

research center for heavy-ion science and technology in China

Institute of Modern Physics, CAS



High-Intensity Heavy Ion Accelerator Facility-HIAF

BRing

iLinac:
Superconducting linac

SRing: 
Spectrometer ring
Circumference: 273m

Rigidity: 13-15 Tm

Fast cycle ring
Circumference: 590 m

Rigidity: 34 Tm

HFRS: Radioactive beam line

Low energy nuclear structure 

and irradiation terminal 

High energy experiment 

station

Radioactive beams  

physics station

High precision 

spectrometer ring

e-ion recombination

spectroscopy
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BIM (Building information model) of HIAF facility

SECR:
Superconducting 

ECR source

• Hyper nuclear physics

• Phase diagram of 

strongly interacting 

matter

major national science and technology infrastructure

construction started in 2018



CiADS-China Initiative Accelerator Driven System 
Accelerator-driven subcritical systems (ADS) is considered to be the most effective and promising method 

to solve the nuclear waste. CiADS will be the world’s first prototype of ADS facility 

Megawatt level to explore the safe and proper 
technology of nuclear waste disposal 

① Superconducting proton
linear accelerator

② High power lead-bismuth 
eutectic (LBE) spallation 

target

③ Sub-critical lead-bismuth 
eutectic (LBE) fast reactor

④ The experimental 
terminals

•  High power Target experimental Facility；

• Muon experimental Facility；

• Multifunctional Irradiation Research Station；

• Nuclear Data Experimental Terminal

•  ISOL for upgrade

• Beam Energy: 
500 MeV (upgrade to 2.0 GeV)

• Beam Current: 
5 mA (upgrade to 10 mA)

• Total Power: <10 MW

2.5 MW beam power,
7.5 MWth reactor power

The total budget is 
4.0 billion CNY

Construction period:
2021-2027, 6 years 

The same campus 
with HIAF



2023年4月10日
装置区建设现场Thank you!



1) We have developed Bρ-defined IMS, improving significantly the 

sensitivity and precision of isochronous mass spectrometry.

2) New mass results have been obtained and used to study issues in 

nuclear astrophysics and nuclear structure.

3) The new research facility HIAF is being constructed and will 

provide new opportunities for nuclear physics.

Summary





World-class scientific facilities for international 

scientists and researches 

HIAF and CiADS welcome all of you !!!

Huizhou, 2025 

HIAF

CiADS



Thank you for your attention !

Phys. Rev. Lett. 130, 192501 (2023)

CSR-IMS collaboration



Nuclear mass measurements



“The 9th five-year plan”
Built in 2007

~ 1000 MeV/u

“The first five-year plan”

Built in 1962

~ 10 MeV/uSFC

CSR

“The 7th five-year plan”
Built in 1988
~ 100 MeV/u

SSC

Heavy Ion Research Facility in Lanzhou (HIRFL)
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Traditional method

Bρ-defined isochronous mass spectrometry
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Isochronous mass spectrometry at CSRe



Bρ-defined isochronous mass spectrometry


