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Over the past years, experimentalists have launched an expedition to explore the predicted, centered near the

double-magic Z = 114, N = 184 nucleus. With their remarkable efforts, elements from hydrogen up to element

118 at present. The discovery of the superheavy elements offers the possibilities to study properties of nuclei

under extremely strong Coulomb fields and to explore the limits of existence of nuclei. The fusion evaporation

reactions induced by low-energy heavy ions are employed for synthesis and study of superheavy isotopes, and the

gas-filled recoil separator technique is always used to effectively separate the produced evaporation residues from

projectile-like and target-like products.

Due to the extremely low production cross-section of superheavy nuclei with current above mentioned methods,

it is urgent to build an accelerator for high-intensity heavy ions and to develop corresponding efficient separation

and collection techniques. In 2019, a research project named CAFE2 (China Accelerator Facility for Superheavy

Elements) was launched at IMP-CAS (Institute of Modern Physics, Chinese Academy of Sciences), with the purpose

of constructing a dedicated experimental facility for the synthesis and study of superheavy nuclei. A gas-filled recoil

separator, SHANS2 (Spectrometer for Heavy Atoms and Nuclear Structure-2), with five magnets arranged in a

Qv-D-Qh-Qv-D configuration was constructed at the end of beam line. Its structure shown in the left panel of Fig. 1

can be roughly divided into five parts: a differential pumping system, a rotating target system, a magnet system, a

detection system, and a data acquisition system. The total optical length (from the target point to the focal plane)

is 5.97 m and the detailed design is available in the published paper[1].

In this work[1], several test experiments were conducted to evaluate the performance of SHANS2. The momentum

dispersion, which influences background suppression and resolving power, was determined to be 21.1(5) mm/%(B·ρ),
which is in good agreement with the designed one (21.7 mm per 1% of (B · ρ))[2]. Through the data analysis of

the 169Tm(40Ar, 4n)205Fr reaction, the optimal pressure of the operating gas filled in the device was about 100 Pa
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(Fig. 1). Meanwhile, the transmissions of SHANS2 for the 175Lu(40Ar, 4-5n)210,211Fr and 169Tm(40Ar, 5n)204,204mFr

reaction channels were 47(25)% and 58(32)%, respectively.
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Fig. 1 (color online) The left panel is the schematic view and the photo of SHANS2. The right panel shows the widths of

horizontal (a) and vertical (b) distributions of 205Fr produced in the 40Ar + 169Tm reaction with incident energy 178.5

MeV in the focal plane of SHANS2 and relative collection efficiency (c) as a function of the helium pressure in the separator.
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