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Gas-filled recoil separators in IMP

> Synthesis of heavy and superheavy nuclei Production: Fusion evaporation reaction

» Decay spectroscopy and nuclear structure Separation: Gas-filled recoil separators (DGFRS1&2, GRAND, TASCA, GARIS1&2&3, RITU,
» Mass measurement AGFA, BGS, ...)

» Chemistry on SHEs o _ _
> Identification: Correlation measurement based on, e.g., a-decay chains, RDT, exc. func,, ...
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SHANS at HIRFL

» MRTOF-MS
:r Nuclear massspe.ctrometry > LOW Cross SeCt|On (pb ~ nb)

e > Short half-lives (~ps or lower)

» Multi decay modes, e.g. a, EC, ECDF,

Vacuum
differential

a spectrum after MRTOF

206F
o » Channel detector with temperature 12— ' 1 ' [ —'
» Si box + HPGe detectors gradient m:_ No selection
» Decay spectroscopy » Nuclear chemistry study E .
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New gas-filled separator at HIAF

High Intensity heavy-ion Accelerator Facility (HIAF)

9 Radioactive beams

High energy experiment

. SRing:

N
| SN
physics statwn

spectroscopy

station : ioactiv i A
. HFRS: Radioactive beam line a : 2 «;’* o }ﬁgh p.’éasmn

* Hyper nuclear physics 9 e {v'.—*“\‘ speéh} ewung
* Phase diagram of : : . Y

strongly interacti S A B e

S 12;1:3 interacting AR Al m

matter S - ' ee»ionlecombmanon

- Iy s

""“W X: Fast cycle ring
B Circumference: 569 m
Rigidity: 34 Tm

’TY_“ r-ﬁ- " ‘.' % ;‘,-

\.L.ﬁ Sl S AT n\\\ rr’ /

o °

EN

= S W s "
Lane iLinac:

Spectrometer ring
Circumference: 273m >
Rigidity: 13-15Tm_ el

SECR
Supercondu
ECR source

' -
-

_Ews‘_ M

Superconducting linac

gas-filled recoil separator

Institute of Modern Physics, Chinese Academy of Sciences

6.692 MeV
121/ 7 mm

ER

| Ar=6.37 s

159.313 MeV
(157.283+2.030)
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cting
7.688 MeV

ER | 121/35 mm

l At = 3.64 us

149.690 MeV
(149.690+0)

SF

40Ar+204Phb>242FMm+2n, 40Ar+208Pb->246Fm+2n, E=184MeV
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CAFE2 running time (2022 ~ 2025)

Highest | Beam Highest Beam
lons Intensity | time lons Intensity time
(PHA) (h) (PHA) (h)
40Ar1213+ 14.8 3083 48Ca'l4+ 1.5 2352
40Ca13+ 5 717 2Crir 1.5 1371
55Mn17+ 2 134 54Cr17.18+ 2 5143
Total beam time at SHANS2 >12000 h

m temp.)
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Detection System: MWPC and Si-Box

DSSD+SSD detectorg
TTEEEEETEE

Veto detectors
DSSD

SSDs

MWPCs

Preamplifier
Detection chamber
Standard a source

Mwpc  TSsS
> Active area: 128 x 48 mm2(DSSD), 120 x 63 mm2 x 6 (SSD), 50 x 50 mm? x 3 (Veto)
> Thickness: 300 um (DSSD, Veto), 500 pm (SSD)

> Total detection efficiency for a’s: 86(8)%

» Energy resolution: 30 keV (DSSD), 80 keV (DSSD+SSD)

» Cooling down to -20 °C with alcohol

» MWPC: 300 Pa isobutane; 0.9 um-thick Mylar window
> Digital electronics: 100 MHz, 14 bit, trace + PHA (FPGA) wweed 4
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Digital electronics: 100 MHz, 14 bit, trace + PHA (FPGA) LN. Sheng, Q Hu, H.Jia, et al, NIMA, 1004 (2021) 165348
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Beam Intensity

55-ACCT (puA)
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130fb for 203Ac

169Tm (40Ca' 5_6n)203,204AC 175Lu (40Ca' 5n)210Pa o (a)l A A R SR T T
i T ‘ T TgT ‘ L B B T ] T T ‘ L ‘ 1T ] E T T T T T T T T T T T T T T T T T T T T T T g —_ 203’204AC 21 OPa i;."s:::ﬁ._.ﬂ
ss00 L (B) AHER -0, ) <0.1s, At(a, ~a,) < 0.4 s . =(@) 210pc 200, AHER-a1) <30 ms ] S 9of, 5 { T |
— | . i = C — a § o R3OS
3 SAac 210 213 E = CQ. A LS P, L A.-"? B g™a
= i " © g Rn 214Ep 3 = 80 ueg, RN
5 7400 - ;5.205Ac :U:, F . 6] Fr Begy L@ B 5] EAA
8 L g 10 ? — 7 0 | Sl = Q - n © "._(.j-_ 1
[} B - N o = ’ ey, - I':i
g 0 et “WAc °© L ,, ———t—————— ?‘"g ————+——— E
= % 202m ‘ ‘ E L L L L L i b) .
m [ . - .5 '.‘I‘ Fr201 n T ‘ T T T { T T T { T ‘ T ‘ T T I T 106 - ( .m" ._.l . -
g 7000 - . -:' "I‘.‘.-_*gFr . ] C(b) At(ER-a1) <30 ms ;OPa i B BB HE 0’8 gg
5 i g0 *‘ 1 800 — At(a1-02) < 150 ms i B & 10° g — -*“6""’"'5"* SPOA o g":{': A
g oo e o : = ©oM T E e SR e &
§ F ZDBgF \:{ . "!'206* 205Ra E B . 7 |U_§ 10° FAc ™~ &8 P e é...-.h ..%-:;:'l. i
6600 — . .} ) Ra 201mFr N g 7600 j estimated to heQ 13j§ 18 pb . i 5 -_...;:- I.:,E'.E::-
e [ S S P B @ r . 2107p . n 107 F '-.‘) 7
6800 7000 7200 7400 7600 7800 8000 8200 o 2400 . / ] . , . .
Parent a—particle energy (keV) % - Ac ?''Th - 40 (C)I ' ' ' ' Dr
£ - . ] [ Bl 0 0]
- IR A L I I L I I 8720072089,@0 \.\ . __ 3.0} n"m..@"@-ﬂi_é'
> A(ER-a1) < 0.1s, At(a1-02) < 0.2s 3 B g, * i S o= B o p
x - . o L \ . ° B o 20 o & j;L--‘E" .0"'9 e 1
7600 = 7 o'e ] = [ R =iy SO ]
5 - estimated to be 0.13*‘[: ;H pb 208A ] o 70001 . '.; o ‘\QOBmAc ] o 1.0 Er o s --'O"‘Q"IG .é.ﬂ___&.-'ﬂ &
::: i @204AC | B . o ] 0.0p- 'ﬂ'fg._'_.';__.' T--za,f"‘i{';i' FA B s mmmmmmmm s mmm
7400 . — 6800 — S 209 — 10F = Pa ]
s | | . A R A R B B B AcO T
£ ko, Cooop - 7400 7600 7800 8000 8200 8400 114 116 118 120 122 124 126 128 130 132 134
8_72007 r / r203mRa — Parent a-particle energy (keV) Neutron number
= B '\ . 1 ) H
B [ f e il 1 > |ldentifi n a- hain : :
£ ool - "g‘ f‘_ﬁ{ . i dentified based on a-decay chains 5. pecay properties match well with
o c‘ﬁ\' oF, o203 ] . .
5 L i, T Ra . . 1.0~ [ icti
N #\20“"5& . _ > Beam intensity: 1.5~2 puA several theoretical predictions
o000 a0 ?5|oo 7800 770073007300 80003100 5200 > CFOSS section: Ievel Of pICObarn

Parent o-particle Energy (keV)

» Beam duration: 3~5 days Nature Communications 16, 5003 (2025
PLB 834, 137484 (2022); 850, 138503 (2024)
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Synthesis of superheavy nuclei %87:288Mc (Z=115)

= @ Chain #1 (Run 242.7 MeV) Known data
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Y.T. Oganessian, V.K. Utyonkov, et al., PRC,
X.Y. Huang, ZYZ, et al, Chinese Physics Letters, 43, 010101 (2026)
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Physical Review C 106(2022): 064306
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Synthesis

of new nuclei 23°Bk and 23TAm

40Ar+ 197Au9237Bk*
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0.8.0¢
8.0;
98 Cf Cf 237 Cf 239
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a8 a7, ¢
97 Bk Bk 233 Bk 234 Bk 236
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07.77 0 7.321
2 g
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. o7 s !
Am 229
09s
@ 7.99
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a 7.810 Iy 96 & a6, a6,
52 a 7.465 £?
Np226 | Np227 | Np2284 Np 229
31ms 051s 61.4 4.0
§7.0
7.1, o 6,
 8.06, 8.00 0. 7.68, 7.65
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reference decay chain

EC
o
Eq = 6690/7010 keV
31 T,;=300s
{. o, be = 1%
¢ Eq = 6720 keV
227N p| Eo = 7677/7650 keV Tyy=516s
P T1,2= 510 ms o,bo = 10%
¢ 227y |Ec = 686017060 keV
223pg| E(, = 8178/8012 keV Ti2=66s
T,,=49ms (]
hasyp| B = 7323/7280 keV
219p¢| Eo = 8664 keV T,,=0.866s
T,2=11.8 us o
/ot E,, = 7678/7988 keV

215Fp | E = 9368 keV

#19Ral 1, =10 ms
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o D15RN|Ec: = 8674 keV
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o
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o

207PR
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Pos: (63,41)

Eqq =7596 (35) keV  fg

chain 2

E =187.5 MeV

beam

Pos: (124,20)

Eg1 = 7641 (13) keV

chain 3

Ebeam = 187.5 MeV
Pos: (36,21)

Ey1 = 7658 (35) keV

(496 + 7106) (546 +7112)

(] o o

Eo2 =713 (13) keV  |pg :550;% =+7:50555 )(35) keV V

At: 1461 s
o ” At: 72.0s EC
- Eq3 = 7658 (35) keV Ep = 6794 (35) keV
Eq3 = 7702 (13) keV o
P27Np| "~ 7 a3 P2TNP (1227 + 6431) (881 + 5913)
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(1 /o o
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211pg| Eu7 = 7276(35) keV
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ACr+243Am reaction
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€ Some experiment are performed, and new isotopes are observed

€ A new gas filled separator is been build
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Thank you for all your attention!
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