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Periodic Table of Elements

Relativistic effects on SHEs?

Chemistry of SHEs
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Background



Previous chemical study with Nh

A. Dubna (Mendeleev Commun. 24, 2014)

• 48Ca+243Am, U-400+RTC, 5 events

• Confirmed the synthesis of E115 and E113 by 48Ca+243Am

• No physical pre-separation, high background

• -H > 60 kJ/mol

B. Dubna (Eur. Phys. J. A. 53, 2017)

• 48Ca+243Am, U-400 + DGFRS + RTC，0 events

• PTFE capillary (4.5 m)

• -H > 45 kJ/mol

C. GSI (Frontiers in Chemistry 9, 2021)

• 48Ca+243Am, TASCA + RTC, 20 days，0 events

• PTFE capillary (6 cm)

• -H > 50 kJ/mol
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Background

(I)：Dubna & GSI, 2014~2017



Previous chemical study with Nh

(II)： GSI, 2020~2024 (Frontiers in Chemistry 12, 2024)

No Teflon capillary！ 18 long decay chains of Nh within 6 weeks  ≈ 40% 5

Background



LEGEND：on-Line Experiment in Gas-phasE for Nihonium Detector array
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甘肃敦煌飞天（LEGEND）

Background



Superheavy elements research facility @ IMP
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Background

X. Y. Huang et al 2026 Chinese Phys. Lett. 43 010101

“Recent results of SHANS2”

Zaiguo Gan, 19th May 2026
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Production and identification of Nh

9

Development of the LEGEND system 

243Am(48Ca,3n)288Mc (Z=115)

RTC

CAFE2

Gas loop

SHANS2



LEGEND system

1. Gas Cleaning system
Gas purification and circulation loop (remove H2O, O2, H2……) 

2. Vacuum Window
Mylar foils, honeycomb-hole grids (high transparency)  

3. RTC
Small volume with high efficacy (short transport time)

4. TC
Direct connected with RTC (Si-detectors array with negative temperature gradient)
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Development of the LEGEND system 



GCS (gas cleaning system)

Buffer 1~3: 10 L tank (SUS316,EP-level clean)

S 1~3: Drying column (P2O5)

Ta getter 1~3: Ta metal @ 1000℃

X 1~3: GateKeeper® gas purifiers

(H2O, O2, CO, CO2, H2< 100 pptV; 1.5 nm filter)

DPM: -109℃, 3 ppbV

On-line operation and auto-control !

20 L; 0.5~3 L/min (Ar/He); 0.5~2 bar
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Development of the LEGEND system 



Vacuum window

Adapter with vacuum window (15×5 cm2)

1 cm

Honeycomb grids: 2+0.1 mm-thick SUS 

Grid1: 88.7% (2.5~6 μm Mylar foils) 

Grid1+2: 74.1% (0.7~2.5 μm Mylar foils) 

The adapter connects 

SHANS2 and RTC.

The window is located 

in the focal plane of 

SHANS2.
12

Development of the LEGEND system 



RTC (recoil transfer chamber)

Position distribution of ERs on the focal plane of SHANS2 Design of the RTC

RTC #1: 91% (2𝜎𝑥◊2𝜎𝑦)

X=101.4 mm; Y=30 mm; D=20 mm V=60.84 mL

Time=1.8 s (2 L/min Ar)

The standard deviations in the horizontal 

(𝜎𝑥) and vertical (𝜎𝑦) directions are 50.7 

mm and 15.0 mm respectively.

Nucl. Instrum. Methods A. 1050 (2023) 168113

RTC #2: 75% (1.5𝜎𝑥◊1.5𝜎𝑦)

X=76.0 mm; Y=22.5 mm; D=20 mm V=34.2 mL

Time=1.0 s (2 L/min Ar)
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Development of the LEGEND system 

RTC #3: 75% (1.5𝜎𝑥◊1.5𝜎𝑦)

X=76.0 mm; Y=22.5 mm; D=15 mm V=25.6 mL

Time=0.8 s (2 L/min Ar)

284Nh T1/2= 0.77s



TC (Thermochromatography)

Side view Top viewInlet

Adapter 
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Window

RTC
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Development of the LEGEND system 



TC (Si-detector array)

32 (4◊8) pairs of Si-detectors—64 ch

Length

mm

Width

mm

Height

mm

Efficiency

-α

Efficiency

-SF

321.28 10.04 0.80 89.10% 78.20%
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Development of the LEGEND system 

Hot Oil

Cold ethanol



Test of LEGEND system with Fr and Tl at SHANS, IMP (15th—30th July 2023) 
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169Tm(40Ar,4n)205Fr @ 180 MeV & 0.7 pμA

153Eu(36Ar,5n)184Tl @ 181 MeV & 0.8 pμA 

Development of the LEGEND system 



Test of LEGEND system with Fr and Tl at SHANS, IMP
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Development of the LEGEND system 

LEGEND @ SHANS LEGEND Control System

GCS LCS

The LEGEND system is very stable with good performance! 

Suitable for Nh experiments with long beam time!



Test of LEGEND system with Fr and Tl at SHANS, IMP

18

Development of the LEGEND system 

The LEGEND system is fast enough to obtain short-lived isotopes!

Distribution of Fr on SiO2 Distribution of Tl on SiO2

Upper limit: ΔHads(Fr) > -76 kJ/molBottom #1

132415 s

Bottom #1

8000s

ΔHads(Tl) > -77 kJ/mol



Test of LEGEND system with Fr and Tl at SHANS, IMP
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Development of the LEGEND system 

High performance 4H-SiC detectors are needed! 

Spectrum obtained with Si detector  Distribution of Nh on SiO2 by MCS

60℃
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Improvement of LEGEND

Development of SiC detectors
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Distribution of 284Nh on Si3N4 surface with the 
temperature gradient: +65 ~ -45 ℃

(MCS: -58 kJ/mol for Nh)

First chemical experiment of Nh at IMP

98 keV @ 7386 keV at 65℃

First 24 pairs
4H-SiC Detectors

(+65~-20 ℃)
Covered with Si3N4

75 nm or 50 nm 

Last 8 pairs
Si detectors
（-20~-45 ℃）

covered with Au
50 nm



243Am targets were prepared by molecular electrodeposition method
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10 sectors on a 20 cm wheel
243Am：475 μg/cm2

Ti foil： 2.28 μm 

ug/cm2 err
target 1 501.19 17.54
target 2 486.13 17.03
target 3 499.49 17.48
target 4 465.85 16.31
target 5 453.64 15.88
target 6 458.24 16.06
target 7 467.28 16.39
target 8 471.90 16.51
target 9 473.95 16.58

target 10 472.62 16.54

475.03 15.19

243Am targets 

First chemical experiment of Nh at IMP



First Nh experiment at SHANS2, IMP, (23th Sep. -- 14th Oct. 2024)

48Ca14+ beam from CAFE2
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SHANS2 @ CAFE2

Improved LEGEND system

243Am targets

Ecot = 241.3 MeVσ (288Mc) ≈ 10 pb

First chemical experiment of Nh at IMP



Online experiment with 48Ca beam and 243Am targets
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288Mc

284Nh

α
288 ms 

280Rg

α
0.77 s 

276Mt

α
3.2 s 

272Bh

α
0.51 s 

268Db

α
7.2 s SF

28 h

264Lr

α
16 h 

SF

4.9 h

243Am48Ca 291Mc

Neutron◊3 

243Am(48Ca,3n)288Mc

Decay chains expected to be observed

Beam: 48Ca14+

Energy (on the target): 258 MeV
Beam time : 9.24-9.27 Baking target

beam intensity : 4.5 euA

9.27-10.14 Nh experiment
Beam intensity : 11 euA

Total Beam dose : 6.95 × 1018

First chemical experiment of Nh at IMP

Z. Qin, Y. Wang, S. Cao, X. Yin, Z. Jia, Y. Cui, Z. 

Gan, Z. Zhang, J. Wang, L. Ma 

N. Aksenov, A. Madumarov, A. Bodrov, A. 

Goltsman, I. Chuprrakov, G. Bozhikov, A. Astakhov

R. Eichler, P. Steinegger, G. Tiebel, J. Wilson

Nh Collaboration



First observation of SHES on  4H-SiC detectors

25Low background leading to low random probabilities of 4.9 × 10-7

2024.9.29  0:06

Event ID：312

Run85

Beam dose: 9.39×1017

No events in next 15 days

TOP-0 (65℃)

One 288Mc was Observed!

First chemical experiment of Nh at IMP

Mc

−𝜟𝑯𝒂𝒅𝒔
𝑺𝒊𝟑𝑵𝟒 Mc ＞ 63 kJ/mol
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Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

Overview

2. New RTC

3. New TC Detector

1. Focal Plan 
Detector

4. Improvement of MCS

5. Improvement of Am-243 target 



Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

Focal Plane Detector

Focal plan Detector

Length：157 mm Width：69 mm

Detector unit：50×50 mm

101.4

35

Size of new RTC



Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

New RTC

➢IMP RTC 4 

X = 101.4 mm   Y = 35 mm  
D = 20 mm 
V = 70.98 mL

COMSOL Simulation

84.2%



Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

From Sg to Bh

−𝟕𝟐 𝒌𝑱/𝒎𝒐𝒍 ≤ ∆𝑯𝒂𝒅𝒔
𝐒𝐢𝑶

𝟐 𝑵𝒉 ≤ −𝟒𝟖 𝒌𝑱/𝒎𝒐𝒍



Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

Identification of the detector surface

Physical adsorption √ Chemical adsorption ◊4H-SiC detector (made @ IMP)

SEM 、TEM、AFM surface analysis XPS chemical speciation analysis



Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

Improvement of MCS

开始

读取输入参数

生成粒子i的生存时
间
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Distribution of 288Mc on the FPD of SHANS2
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Upgrading of the LEGEND system 

Improvement of Am-243 target 

Target 1-10

Terget 11-20Automated apparatus

Thickness
(475±15 μg/cm2)

Thickness
(513±7 μg/cm2)

Manual apparatus

Target No. Thickness
(µg/cm2)

Beam 
current
(pµA)

Irradiation 
time
(d)

Beam dose

1 - 10 475 ± 15 0 ~ 1 pµA 81 2.3 × 1019

11 -20 513 ± 7 0 ~ 1 pµA 138 4.65 × 1019
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Gas-phase chemistry for Nh & Mc
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1. IMP is available for chemistry study for SHEs .

2. Experimental  apparatus for Nh chemistry is established.

3. High performance 4H-SiC detectors is developed.

4. Next experiment on Nh chemistry will be performed in 2026 @ IMP.

Summary
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