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I. Overview

The Heavy Ion Research Facility in Lanzhou (HIRFL), operated by the
Institute of Modern Physics, Chinese Academy Sciences (IMP), is the largest
heavy ion research facility in China. In August 1991, the former State Planning
Committee of China approved to set up the National Laboratory of Heavy Ion
Accelerator of Lanzhou based on this facility and opened to the domestic and

international users.

As a multi-purpose research facility, the main device of HIRFL is its
accelerator complex, which consist of the Electron Cyclotron Resonances (ECR)
ion sources, the Sector Focused Cyclotron (SFC), the Sector-Separated
Cyclotron (SSC), the Cooler Storage Ring (CSR), the radioactive ion beam
separators (RIBLL1/2). With this complex, HIRFL can deliver all kinds of ion
beams, from hydrogen to uranium, either stable or unstable, with energies from

few MeV/u up to several hundreds MeV/u.

HIRFL can support experimental research works on nuclear physics,
nuclear astrophysics, atomic physics and many interdiscipline or applications
with heavy ion beams, and as a very important tool for the whole Chinese
nuclear physics society, a lot of important achievements were obtained in the
past. Such as the synthesis of more than 30 new nuclides for the first time in the
world, includes 2 super-heavy isotopes, the precise mass values of 35 short-lived
1sotopes measured firstly with the isochronous mass spectrometry method, the
independently developed heavy ion cancer therapy equipment, the new species
and strains of some crops fostered by heavy ion irradiation induced mutation,

and so on.

II. Research progress and results
Precision mass measurement of short-lived nuclides

Based on the Heavy lon Research Facility in Lanzhou (HIRFL), the mass
measurement research group at the Institute of Modern Physics firstly measured
the nuclear masses of °*Se and some other important nuclides, using the newly

developed mass spectrometry. The nuclear astrophysics simulation with the new

-16-



N E B TR E 2024 EREIRE (W) | D L

masses 1s consistent with the nuclear reactions on the surface of a neutron star

stalling near %Ge. The results suggest a less-compact neutron star in GS
1826-24. The new masses allow us to observe the bifurcation of residual
proton-neutron interactions (dVp) in the N = Z nuclei for the first time.
Currently, only ab initio calculations with a chiral three-nucleon force (3NF)

included could qualitatively reproduce the bifurcation in 0 Vpn.

This work has been published in Nature Physics and Physical Review

Letters respectively.

URL: https://doi.org/10.1038/s41567-023-02034-2
https://doi.org/10.1103/PhysRevLett.130.192501
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Fig 1. Left: Neutron-star mass (Mns) versus radius (Rns) constraints calculated with (red) and without
(grey) the new masses. Right: Experimental 6V, for (a) N = Z and (b) N = Z +2 nuclei and comparison
with the ab initio calculations.

Researchers fabricated mechanical metamaterials with ultra-high energy
absorption capacity based on ion track technology

Based on the Heavy lon Research Facility in Lanzhou (HIRFL), the
researchers fabricated a new type of mechanical metamaterial, i.e. quasi-body
centered cubic (quasi-BCC) beam nanolattice, with the ion track technology.
The smallest diameter is only 34 nm which is smaller than that of existing
nanolattice mechanical metamaterials. Resulting from the synergetic effects of
size effect, unique structural architecture, and intrinsic properties of metals, the

highest energy absorption capacity achieved by such a type metamaterial made
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of copper reaches up to 1.1 x 108 J/m?, a new record for lattice metamaterials.

Thanks to the mechanical robustness and the high-porosity with low tortuosity,
the copper nanolattice is used as a “host” of lithium anode of lithium-ion battery.

Such a battery shows good stability and cycle life.

The results were published in Nature Communications as Editors’

Highlights and in Advanced Energy Materials.

Article links: https://doi.org/10.1038/s41467-023-36965-4
https://doi.org/10.1002/aenm.202300129
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Figure2. The Ashby map of energy absorption capacity versus density.

Breeding for Rice Cultivars with Low Cadmium Accumulation by
Carbon-ion Beams Irradiation

The problem of cadmium rice is a great threat to the health of people,
which have seriously restricted the high-quality development of rice industry in
Hunan and other southern rice areas, and it has become a strategic issue to be

urgently solved in China’s agriculture.
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Through the cooperation between the Institute of Modern Physics and the
Hunan Hybrid Rice Research Center, based on HIRFL, a novel high-throughput
targeted screening breeding technology combining “heavy ion mutagen +
MITDS” was developed, which has carved a new path to efficient breeding. In a
short period of time, the researcher have cultivated the high-quality conventional
rice with low cadmium accumulation named "Shao Xiang 100" and the low
cadmium absorption hybrid rice "Zhenliangyou 8612", while the latter was the
first of that kind that has been planted in large-scale at domestic and overseas. In
2023, this variety has been cumulatively promoted to 1.07 million mu. The
average cadmium content of rice has been reduced to 0.026 mg/kg (far below
the national standard of 0.2 mg/kg), while the maximum yield per mu has
reached 887.2 kg. This accomplishment significantly contributes to addressing

the predicament surrounding "cadmium rice".

Figure3. The low cadmium absorption hybrid rice "Zhenliangyou 8612"

Structural Damage and Recrystallization Response of Garnet Crystals to
Intense Electronic Excitation

This work demonstrates the track damage formation and recrystallization
effects in garnet crystals under the intense electronic excitation, attributed to the
key role of thermal parameters and cation radius ratio. The irradiation-induced

nanostructures in garnet crystals enable the significant bandgap regulation and
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defect-related luminescence enhancement. These results lay a foundation for the

exploration of radiation susceptibility, eventually achieving optimization of the

capabilities of single crystals for valuable applications.

The results were published in Advanced Functional Materials.
Article links: https://doi.org/10.1002/adfm.202370045
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Figure4. Quantitative relationship between radiation and the
structure damage of garnet crystals

III. Operation

For the research on the fundamental frontiers of heavy ion nuclear physics
and 1on beam applications, focused on eight major directions, HIRFL undertakes
more than 40 major tasks such as key laboratories and pilot special projects.
Meanwhile, it has proactively planned research tasks, for example, “the
properties of high-energy-density materials in strong magnetic fields”, “Extreme
optical and mechanical material development based on HIRFL and application”,

etc..

In order to support these major tasks, HIRFL has operated for 7,728 hours
throughout the year, and further improved beam quality and operation efficiency.
With the operation mode of Linac+SSC+CSRm, uranium ions have been
successfully accelerated to 500 MeV/u for the first time. A high-throughput
nuclear pore membrane terminal has been built. The HIRFL water, wind and gas
system has been upgraded to realize the independence of the CSR power system

and water system.
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IV. Scientific & technical personnel and talent training

To ensure HIRFL operating, there are currently 516 scientific and
technological personnel, mainly young researchers. Among them, 302 hold
senior professional titles, of which 63.2% are young people. A researcher gained
the National Science Fund for Distinguished Young Scholars, and a researcher
the Excellent Young Scientists Fund. Two talented researchers were introduced

to IMP through the Excellent Young Scientists Overseas Fund.

Focused on the scientific research and development work at HIRFL, the
Institute of Modern Physics of the Chinese Academy of Sciences take measures
to encourage young scientific and technological talents to “pick the beam” and
“play the leading role” in major national scientific and technological tasks, for
example, serving as the project leader, or play the crucial roles in core
technology breakthroughs, and the proportion of young scientific and
technological talents under 40 years serving as project leaders or backbones

should not be less than 50% in principle.

The Institute has also set up the post of "Young Researcher" and
formulated the "Employment Method of Young Researcher " to strengthen its
talent team construction, attract young talents with innovative thinking and

development potential, and reserve high-level talents.

V. Cooperation and exchange

After the epidemic, the Institute actively encouraged international
cooperation and exchanges, and the enthusiasm of scientific researchers was
high. In 2023, a total of 412 researchers exchange for conferences, training and
collaboration abroad; 320 foreign scholars visited IMP, including more than 150
scholars coming for international conferences held in Lanzhou or Huizhou. 41
international cooperation projects were approved, including 1 new “PIFI team
project”, 2 new "International cooperation training projects for Innovative
Talents" and 2 new "Russian-Uzbekistan-Belarus International cooperation
training projects". A total of 10 international conferences were held in Lanzhou

or Huizhou; hosted 6 delegations.
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VI. Chronicle of events

May. 6% The review of the 2023 HIRFL beam time application was held at
the Huizhou Research Department of IMP.

May. 13!-14%" The 19" Public Science Day was organized by HIRFL.

Jun. 5t HIRFL accelerated °**Zr'* beam at 17MeV/u for the first time,
this provided an excellent condition for the experiment of isomer

depletion in the stopping process of charged ion.

Jul. 8P-16"  International Conference on Chirality and Wobbling in Atomic

Nuclei was held at Huizhou.

Jul. 79-21%t  The Nuclear Physics Theory Workshop for HIRFL was held at

Lanzhou.

Oct.15%-18"  The International Conference Symposium on Ion Sources and

Plasmas was held at Lanzhou.

Nov. 2"-7%  Workshop of Neutron Capture Reaction Experiment Based on
OSLO Method was held at Huizhou.

Nov. 12t-17" The 7" International Conference on the Chemistry and Physics of
the Transactinide Elements was held at Huizhou Research
Department of IMP.

Nov. 13" SSC-Linac after added DTL3 and DTL4 successfully accelerated
the beam 238U for the first time. In conjunction with SSC, the
2384+ beam was accelerated to 15.5MeV/u with a maximum
beam intensity of 8.7uA.

Dec. 17"-18% The collaborative seminar of IMP and Osaka University was held
at Huizhou Research Department of IMP.

Dec. 31¢ HIRFL successfully accelerated 500MeV/u 2*8U7* ion beam to a
current intensity of 10%ppp, which is the highest energy and
heaviest ion beam accelerated by HIRFL, and also the highest

energy and heaviest ion beam record in Asia.
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