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Background

Chemistry of SHEs

1 Periodic Table of Elements 18
IA VIIIA
1 2 13 14 15 16 17 2
H A mMmA IVA VA VIA VIIA| He
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Li Be B C N 0 F Ne
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Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
55 56 |s57-71| 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
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<BE> Background —

Previous chemical study with Nh

(I): Dubna & GSI, 2014~2017
s A. Dubna (Mendeleev Commun. 24, 2014)
wcabeem @Y » ~\ - ° e * %8Ca+2%3Am, U-400+RTC, 5 events
™7 %< | 7« Confirmed the synthesis of E115 and E113 by 48Ca+243Am
 No physical pre-separation, high background
* -AH > 60 kJ/mol

A

DGFRS

B. Dubna (Eur. Phys. J. A. §3, 2017)
48Ca+243Am, U-400 + DGFRS + RTC, 0 events
PTFE capillary (4.5 m)

-AH > 45 kJ/mol

TASCA He/Ar RTC

. GSI (Frontiers in Chemistry 9, 2021)
b 48Ca+243Am, TASCA + RTC, 20 days, 0 events
e odow £ PTFE capillary (6 cm)
e -AH > 50 kJ/mol




Background

Previous chemical study with Nh

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

1cm 2cm 4 cm

TASCA He/Ar /M
: = COMPACT (Au)
W
ﬁ\\&‘

miniCOMPACT (SiO,)

8cm

Window RTC
Experiment: Monte Carlo simulations:
@ Mc N _AH,,(?88Mc) =54 kJimol [T
50 | @ 2éNp W _AH(2%Nh) = 58 kJ/mol — |

N
[e]

Relative yield,
% per 1 cm

284N K 0

No Teflon capillary!

miniCOMPACT COMPACT

18 long decay chains of Nh within 6 weeks

~
~

40%




Background —
LEGEND: on-!ine ['xperiment in

as-phas! for ihonium !’etector array

> Gas loop &
purification
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Background

Superheavy elements research facility @ IMP

D _ ) Chain #1 (run 242.7 MeV)
™ By 9.8 MeV
: StripX: 62. StripY: 13
2024-10-15

Known data
Target g-:-;':r.-l‘h_-:ll by
chamber FLNR

25TMe 257Me

Rotating
A m target . - A S ;
. o { Eqo: 10.59(2) MeV oy § Eq: 10.55—10.66 Me\
i""l At: 31.9ms T /9: 38y ms
BCa beam 7 IQSSNM 283Nl
MWPCs ’-__-.
mmsm E: owaping &2 § I£,: 9.62—10.22 MeV
. = . Ti/o: 12375 ms
g (= 0:84+7) MeV | Ti/2: 12
j 'g‘l At: 7.7ms &
—— ——
Differential . , - e v
55 (85 | . Vol . X3 B 102 —1D0:39 MeN
. o, R . : 5 ¥ - o A }.OI ]
pumping system\ veto” detector 'EE“ Qe‘;)i[_)'l?l)l%\l v T 9060
— ‘.:_= ! dleV - 1/2- * as 1S
275Nt : 27N
At: 16.5 ms
1 m ) o A e
ey J . 10.33(2) MeV oy § F,: 10.33—10.36 Mel
~ ! A 113
At: 4.7ms Ligos 20 s 'ms
8TIBL 2T1Bh
Table 1. The year of run, number of used targets (Nyarget), target thickness, energy (laboratory-frame) of 48Ca in the = ) : - i Rrapd .
middle of the target layer, resulting excitation energy intervals (with use of mass table [s “':"“:} magnetic rigidity of the dipole (8351 Ea: 92]—()) MeV X5 Ha: 9.22—9.35 Mel
magnets, total beam doses, number of chains assigned to 285Mec (3n) and 257Mec (4n), and the corresponding cross sections. ( —_ 0 36_‘_885) gy ' ._: s
Year Nearsar Target Il|if|§lu'r-:«' Epab E* Bp Beam l!:).\“ No. of chains T3n Tan Af. 704 .
of run - (mg/cm?) (MeV)®  (MeV)P (Tm) x 1017 3n/4n (pb) (pb)
2023 1 0.57(6)° 2416 33.1-36.4  2.102/2.001 8.8 5/0 G1td
10,2 32.9-3 2 2096 g . q.0710.2 - 203 M\ T
ot o Jinieye _40.: .s_,._ .%” _,ll-_J(J/_l,ll'_llJ f" ‘1/:: “'U;i:r'; e Fsr: 203 Me\
2427 342370 2,003 7.8 3/1 LoTae g ptes At 3.0h
235.0  27.7-30.6 2,095 18 0/0 <4.7 o _3
238.1  30.2-33.2 2,005 6.0 3/0 6.1757 Pran: 3.7X10
2025 10 0.50(5)¢ 240 32.0-34.9 2.095 7.3 3/0 '.,nfé"‘l
2443 35.3-38.3 2.005 8.8 2/0 2.873-7 7 0
op < Recent results of SHANS2

X. Y. Huang et al 2026 Chinese Phys.

Lett. 43 010101

Zaiguo Gan, 19" May 2026
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Development of the LEGEND system

————

Production and identification of Nh

[ SHANS2 ]
D,

2B Am(*8Ca,3n)?88Mc (Z=115)
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Development of the LEGEND system

LEGEND system

Ta getter2 @ 1000C

; Ta getter3 @ 1000 C
=
LY w

DP

Ps
]

Mylar
window

ERs

RTC

TC

TOOTIIIIS |

M\

External
Outlet/Inlet

P

Cold Hot
pump pump

64 ch Data Acquisition
System

Ta getter1 @ 1000 Ci-é—

1. Gas Cleaning system
Gas purification and circulation loop (remove H,0O, O,, H,...... )

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)



Development of the LEGEND system

GCS (gas cleaning system)
20 L; 0.5~3 L/min (Ar/He); 0.5~2 bar

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

S 1~3: Drying column (P,0;)
Ta getter 1~3: Ta metal @ 1000°C

X 1~3: GateKeeper® gas purifiers
(H,0, O,, CO, CO,, H,< 100 pptV; 1.5 nm filter)

DPM: -109°C, 3 ppbV

On-line operation and auto-control !

11
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Development of the LEGEND system —
Adapter with vacuum window (15x5 cm2) Honeycomb grids: 2+0.1 mm-thick SUS

The adapter connects
SHANS2 and RTC.

The window is located
in the focal plane of S R
SHANS2. Grld1+2 74 1% (O 7~2 5 pm Mylar foils)

12



Development of the LEGEND system

RTC (recoil transfer chamber)

Position distribution of ERs on the focal plane of SHANS2

Counts/strip

Strip # (Y)

v gy A | ---'
UO 10 20 30 40 50 60 70 80 90 100 110120 O 5000 10000
Strip # (X) Counts/strip

Fig. 5. Position distribution of **5Fr produced in the *°Ar + '°*Tm reaction with
an incident energy of 178.5 MeV in the focal plane of SHANS2 and corresponding
projections in the horizontal (X) and vertical (Y) directions, respectively on the top
and right of the position distribution. The magnetic rigidity was set as 1.595 T m for
both dipole magnets.

The standard deviations in the horizontal
(o,) and vertical (g,) directions are 50.7
mm and 15.0 mm respectively.

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

Design of the RTC

RTC #1: 91% (20, x 20,)
X=101.4 mm; Y=30 mm; D=20 mm V=60.84 mL
Time=1.8 s (2 L/min Ar)

RTC #2: 75% (1.50,x1.50,)
X=76.0 mm; Y=22.5 mm; D=20 mm V=34.2 mL
Time=1.0 s (2 L/minAr)

RTC #3: 75% (1.50, x 1.50,)
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

13



Development of the LEGEND system

[Adapter |

Vacuum ]
flange

box

L

14



Development of the LEGEND system —

32 (4 x 8) pairs of Si-detectors—64 ch

3 t - Tl

Cold ethanol

Length Width Height Efficiency Efficiency
mm mm mm -a -SF

321.28 | 10.04 0.80 89.10% 78.20%

15
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Development of the LEGEND system

Test of LEGEND system with Fr and T1 at SHANS, IMP (15th —30th July 2023)

169Tm(4°Ar,4n)?°Fr @ 180 MeV & 0.7 ppA

1 A+ Tm
14

13n (%Fr, 1.59)
0.1+

4n (*"Fr, 3.85s)

sn (*MFr, 1.7s)

0.01 4
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7 T d T T T T T
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153EU(36Ar,5n)"¥TI @ 181 MeV & 0.8 ppA
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= |
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Ejp (MeV)
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e Development of the LEGEND system —

LEGEND @ SHANS

= - |

LEGEND Control System

W W% s B

B

The LEGEND system is very stable with good performance!

Suitable for Nh experiments with long beam time!



Development of the LEGEND system

Bottom #1

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

Upper limit: AH

ads
80,000 . 100 S— i
132415 s *Fr = W ®Fr (exp data)|
70,000 = MC simulation | -
80 -AHES: (Fr) = 76 kJimol 40
60,000 - o
s € ”
;’ 50,000 - = 60
= 40keV 2 10
2 40,000 — o o
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Z 30,000 4 201 5 ¢ o -10
= I-20
gl
20,000 206, 20 ¥
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kot 200 <!
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Bottom #1

Distribution of Tl on SiO,
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L "®TI (exp.data)

ads

MC simulation |
-AHE: (TI) = 77 kd/mol [+

T
0 5 10
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The LEGEND system is fast enough to obtain short-lived isotopes!

T
15

T T T
20 25 30

Detector channel (cm)

)
Temparature (C)
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Development of the LEGEND system —

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

Spectrum obtained with Si detector Distribution of Nh on SiO, by MCS
50 90
— 950 ] 1 ——~ - -MCS, 20 - -60 °C |
1000 - 2 OC 1~ 2 ——/- - -MCS, 30 — -60 °C
45°C ﬂ 3 ——/ - -MCS, 40 — -60 °C
—50°C t [ 4 ——/ - -MCS,50 - -60°C |
BT~ N 5/ - -MCS, 60 — —60 ° 60°C
i [ 30 .
@ el 2
o = . _ o
S 2 | -
O ® 1 -0 g
® 20 [ £
g S
_ - -30
10 -
60
r - T 0 -
5500 6000 6500 7000 7500 ————————
Energy (keV) 0 5 10 15 20 25 30

Detector channel (cm)

High performance 4H-SiC detectors are needed!

19
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Y. . L = - om
<& First chemical experiment of Nh at IMP g—
]
Improvement of LEGEND
Development of SiC detectors
80
18 1 -58 kJ/mol ***Nh on Si;N, MCS | 70 T0cm —
16 4 Z 60
i — = 1.0 mm
j4- - ] o0 ;0;«——»
il 40 SiN, layer Au Pad 1100 nm
12 1 i 30 Ni/Au Gate
% 10 b 12| RS
S ] % 10 = o
o] 8__ 5 7 0 n-typeSiC buffer epi-layer Ny=1¢l18 cm
6 - % ] -10
i ] ] g N
4 120
1 7 -30
. _W 7 777 . | -40 iML’TiJ'Au Gate
0 T T T T = T T T T T ZLF' T T T I- 750
2 4 6 8 10. 12 1_4 16 18 20 22 24 26 28 30 37 .
B1(x)T3 (<) B5 () T9 (x3813N4-SIC T17 (9 =~ Au-Si ™ r Ky
Sl "] First 24 pairs Last 8 pairs
3" N 4H-SiC Detectors Si detectors
Distribution of 284Nh on Si;N, surface with the § c (+65d -ZPhC;? \ (-20 d-45' EEA
temperature gradient: +65 ~ -45 C overed with Si;N,  covered with Au
o 75 nmor 50 nm 50 nm

(MCS: -58 ki/mol for Nh)

Energy (keV)

98 keV @ 7386 keV at 65°C
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N First chemical experiment of Nh at IMP —

243 Am targets were prepared by molecular electrodeposition method

243Am targets

ug/cm®  err

: target1 501.19 17.54
target2 486.13 17.03
target3 49949 17.48
target4 465.85 16.31
target5 453.64 15.88
target 6 458.24 16.06
target 7 467.28 16.39
target8 47190 16.51
target9 47395 16.58
target 10 472.62 16.54

475.03 15.19

10 sectors on a 20 cm wheel
243Am: 475 ug/cm?
Ti foil: 2.28 ym
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LEBT

RFQ MEBT CW - linac

243Am targets

48Ca14* beam from CAFE2

E.. = 241.3 MeVo (?%8Mc) = 10 pb

23
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First chemical experiment of Nh at IMP

Online experiment with ¥Ca beam and ?*>Am targets

243Am(48Ca,3n)288MC

LIPS NeutronX3

Ee wn > @@, ~

288 ms \ ys
\\%0
\ o 7
N7 s \ \'6}..9
\  280Rg Ol\ ’%0
N
Beam: #6Cal4* AN 325 N
Energy (on the target): 258 MeV N 01\ \6
. . \
Beam time : 9.24-9.27 Baking target 051 s N
beam intensity : 4.5 euA ?72Bh
\NT72s
\

9.27-10.14 Nh experiment
Beam intensity : 11 euA

Total Beam dose : 6.95 x 1018

Decay chains expected to be observed

Nh Collaboration

g

I
_.

‘\ ".\ v ¢/
S0 MERS RGBT
U?’\ Institute of Modern Physics, Chinese Academy of Sciences

Z. Qin, Y Wang, S. Cao, X.Yin, Z. Jia, Y. Cui, Z.
Gan, Z. Zhang, J. Wang, L. Ma

_Q\' Joint Institute for Nuclear
Eumiy Research

N. Aksenoy, A. MadUmafd\}, :A.- Bod.rov, A.
Goltsman, |. Chuprrakov, G. Bozhikov, A. Astakhov

PAUL SCHERRER INSTITUT

—_— —

R. Eichler, P. Steinegger, G. Tiebel, J. Wilson
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First chemical experiment of Nh at IMP

First observation of SHES on 4H-SiC detectors

2.0
One 288Mc was Observed! 285Mc
TOP-0 (65°C) .,,
E=10.08 MeV - S a
Run85 05+
EventID: 312 E=9.64 MeV
Beam dose: 9.39x 107 AT=0.42 s 0'?5(30-0 8000 10000 12000
280 Rg Energy (keV)

No events in next 15 days 40. -AHZN: (Mc) = 63kJ/mol —— MC of Mc-288 «80
E=9.40 MeV %7 {60
2761t AT=6.58 s 30-_ 1ao

25

£ 20 1° &
E=9.43 MeV é‘ ! =
AT=0.013 s 15 1°

272Bh 1
m-MC 20

5_.
missing i l | ' | | | | 40

0.00 0.05 0.10 0.15 0.20 0.25 0.30
268P9p . Column length (m)
—AH3BN* (Mc)> 63 kJ/mol

E=68.7 MeV
AT=26.1 h Low background leading to low random probabilities of 4.9 x 10~/

25
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Upgrading of the LEGEND system —
Overview
2. New RTC

1. Focal Plan
Detector

3 New TC Detector

4. Improvement of MCS

5. Improvement of Am-243 target

27
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S Upgrading of the LEGEND system —

Length: 157 mm Width: 69 mm

rrrnea

Size of new RTC

101.4

Focal plan Detector

Detector unit: 50x50 mm



Upgrading of the LEGEND system

New RTC

10

AL 11.5

JJ 2 A _LENT T ra

5 - —

LT P I | e

COMSOL Simulation

2.5

4 1.5

0.5

100

»IMP RTC 4
X=101.4mm Y=35mm
D=20 mm

V=70.98 mL

80+

60

Vertical length (mm)
o o &
o =] (=] (==
1 " | L | L 1 "

b
S
1

— RTC-4

1 — - RTC-3

& B=2100/2086(2024) & B.=2.085(2025)

* B=2102/2.091(2023) = BI_.=Z.DQS{FurChemis‘Lry—ZOZd-]I

o

T T T T T T T T T i
40 60 80 100 120
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140
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S Upgrading of the LEGEND system —

20| MC of Z*Nh on SiO, 777 -72 kdimol
[ -48 kJ/mol J 100
15 &
c
o
) o
S ©
= 7 &
> 10
(' 7? g
|7 5
()]
110 °C 80 °C 60 °C 35 °C0°C -20°C -40°C _50 °C 380 ; % g.
m L1 -
SN AR G
e \ I. \ \ ‘ 340
. . 320 0 4{4-

0 5 10 15 20 25 30

300 Column Length (cm)

0.05

280

260 —72 kJ /mol < AH92(Nh) < —48 kJ /mol

ads

-0.1 0 0.1
240
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Identification of the detector surface

Upgrading of the LEGEND system

4H-SiC detector (made @ IMP)

Ni Schottky contact 100nm

Physical adsorption \

Sl ©
R e

Optimized Structure of Adsorption Model (view 1)

Ni Schottky contact 100nm

[ I ) aN = - N W

Optimized Structure of Adsorption Model (view 2)
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6000

4000
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0

8000

Chemical adsorption X

«

Ok~

Ouk-

Optimized Structure of Adsorption Model (Along Y-axis)

XPS chemical speciation analysis
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Upgrading of the LEGEND system

Improvement of MCS

PSI

BEASH

Diffusion Control

chromatography ' ) \

as part of Monte-Carlo simulation of gas

ERRIT EE T
18]

STE .
fibne ‘ =5
SIEEN B BREB?
N
- . IBRFHEIRH BRFE pyu
Robert Eichler & Patrick Steinegger :: Laboratory of Radiochemistry PSI-NES & ETHZ & UniBern) ‘ AR ‘ BRIEEN FE iﬁﬁé_ﬁ%@ﬁﬂ% *
10 Workshop on the Chemistry of the Heaviest Elements (CHE10) Dunhuang, China from September 6.-13, 2025
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Upgrading of the LEGEND system —

Improvement of Am-243 target

Manual apparatus

T t 1-10 520
~ L [ R i ——— Thicka
" - % T | T_ CKNESS

— [ ]
] 1 + 2
5440 | | | | | (475%15 pg/cm?)
en
™
E'J dg\\ Qg,‘:‘» Qg;a $ Gg‘b Q}’}b le"\ q;;o Qg_;’_i Q
% \?5 \‘3} \.é \“} @K @‘* ¢ '@& \.‘b& '@& 82
S 560
E s

ZZZ_L__;__LL_ —= _L__'_'__%._.... Thickness

e L a0 : ' (513£7 pg/cm?)

|
;\ < é’ > \I” ;b N ® \‘°’ '\§
\‘b&"g} \Fb&a @cé} \Fb&a \&Cg\ @g‘g} \:é%& @&‘Q \,é"oé} _@Q?
Terget 11-20
1-10  475+15 0~ 1 puA 81 2.3 x 1019
1120  513+7  0~1puA 138 4.65 x 10
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Summary —
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.
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