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40Aré+ 231 1,9 19 GRAND
48Calo+ 225 2,0 2,0 GRAND
54Crio+ 306 2,0 DGFRS-2
- 229 3,0 6,0 GRAND
S0Tjo+ 230 1,7 2,0 DGFRS-2
S0Tjo+ 280 1,7 DGFRS-2
40Ar8+ 232 2,5 GRAND

IF

s0Tjo+ 252 2,2 2,8 DC-280 group
soTjo+ 229 1,0 DGFRS-2
s0Tjo+ 275 1,7 1,9 DGFRS-2
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Experiment 238U + 34Cr

11.1132p MeV
0.983 ms

174.3 MeV

Oct 12, 21:56

Lv28s| |

Lv 288

(156.2+18.1) ‘
1.437 ms

18.30 MeV
29 /163 mm

9.66017 Me'
2.015 ms

165.7 MeV
(160.4+5.3)
9.837 ms

Target 228U: 0.72 mg/cm?
Dose: 7.2 x 10%°
Excitation energy: 42 MeV
Actinide + 54Cr - first time!

7N\

Oct 26, 05:38

1

Lv 288

Lv 288

Cross-section(~36 (12-82) tb

10.55 MeV
39 /35 mm

New isotope!

Experiment 24?Pu + 3°Tj

11.09533 MeV |} | 553 | Juvass 15.96 MeV 11.06515 MeV |} | 953 | Lvass 12,19 MeV
(0.694+10.401) 34/33mm 0.3186 ms 37,38 /103 mm
7.272ms
10.57127 MeV 10.4627 MeV
bt Fl284 (0.+10.21) Fl284
1.064 ms
Pran<10-4 i |
1515 Mev oy New isotope!
18.65 us (150.3+52.
10.18 ps
1088415 MeV |y 59| [iv2sg)14.62Mev 110073 MeV | 559 |1y289|1631MeV oo f |1v289
2571 ms 27 /199 mm (0.930+10.077) 27 /101 mm
4.368 ms
10.44531 MeV [y og5 10.51918MeV [y g5 10.6317MeV [ 955
(0.720+9.725) 98.69 ms 238.50 ms
5.938 ms
(?f:;]”e" T 1028913 MeV ;281 10.23117MeV o287
03417 0.4660 s 0.07245 s
Pran<0.02
10.53417 MeV |Ds 277 10.49735 MeV  |Ds 277 10.54017 MeV (Ds 277
4.661 ms (2.432+8.065) 13.47 ms
3.887 ms
9.53935 MeV | 073 9.49918 MeV [ 973 9.48135 MeV | g 073
(1.476+8.063) 1.560s (0.576+8.905)
2.5120s 0.5091 s
8.43915MeV  [gq 269 173.8 MeV 193.1 MeV
10.8124 min (163.9+9.9) (183.2+9.9)
2,982 min 24.06 min
222.5 MeV 242 2
(181.9+40.6) Target 42Pu: 0.73 mg/cm
3.3828 min

Beam dose:

15.27 MeV
38 /187 mm

Lv 289

1.5x 1018
Excitation energy: 41 MeV
a-decay of 284F| - first time!

Cross section: ~0.54 pb

New isotope!



rotating beam detector
target Q1 D1 stop Q2 Q3 D1 system

Next stage
Synthesis of new elements 119 and 120
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Separator GRAND
Gas-filled Recoil Analyzer and Nuclei Detector

- target
wheel diff. pumping

DC280 beam

beam dump

neutron shield

concrete wall

PEPAN Letters, 2024, Vol. 21, No. 3, pp. 518-525




Separator GRAND
Gas-filled Recoil Analyzer and Nuclei Detector

target
wheel diff. pumping

DC280 beam

beam dump

neutron shield

concrete wall

PEPAN Letters, 2024, Vol. 21, No. 3, pp. 518-525

Table 1. Comparative parameters of gas-filled separators used in experiments on the synthesis and study of the properties
of isotopes of heavy elements

Facility | Configuration ACCCP(T_::? angle, Rotation angle | Max. Bp, Tm 2‘;‘79:";,; Length, m Ref.
DGFRS1 | D,Q,Q, 10 23° 3.1 7.5 4.07 151
DGFRS2 (Q,D,Q,Q,D 16 (32 + 10)° 3.35 32.8 7.41 6]
BGS Q,D,D 45 (25 + 45)° 25 20.0 4.6 171
GARISI | D,,Q,Q.D 12.2 (45 + 10)° 2.16 9.7 5.76 81
GARIS2 |Q,D,Q,Q.D 18.5 (30 +7)° 2.43 19.3 5.06 191
TASCA DQ,Q, 13.3 30° 2.4 9.0 35 [10]
RITU Q,DQQ, 8.5 25° 2.2 10.0 4.8 [
SHANS |Q,DQ,Q, 25 52° 2.88 7.3 6.5 [12]
SHANS2? |Q,DQ,Q,D 25 (30 + 10)° 2.56 20.9 [13)

VR = g T
GRAND [Q,D,Q,Q,D 16 (32 + 15)° 3.35 32.8 This work ]

the “chemical” stop chamber of RNs.




Separator GRAND
Gas-filled Recoil Analyzer and Nuclei Detector

Tests of ion optics
48Ca + 1Er — 4n + 214Ra
FP1 - 100x100 cm?2 DSSD

target
wheel diff. pumping

DC280 beam

beam dump

Vertical distribution

neutron shield

Horizontal distribution

Qv D30 Qh Qv D15

concrete wall

PEPAN Letters, 2024, Vol. 21, No. 3, pp. 518-525

Table 1. Comparative parameters of gas-filled separators used in experiments on the synthesis and study of the properties
of isotopes of heavy elements

Facility | Configuration Accep[z]l;l:f angle, Rotation angle | Max. Bp, Tm g:_ﬂ;?lgg Length, m Ref.
DGFRS1 | D,Q,0Q, 10 23° 3.1 7.5 4.07 [51
DGFRS2 |Q,D,Q,Q,D 16 (32 +10)° 3.35 32.8 7.41 [6]
BGS Q.D,D 45 (25 + 45)° 2.5 20.0 4.6 171
GARIS1 D,,0,Q,D 12.2 (45 + 10)° 2.16 9.7 5.76 18]
GARIS? |0Q,D,Q,Q,D 18.5 30+ 7)° 2.43 19.3 5.06 191
TASCA DQ.,Q, 13.3 30° 2.4 9.0 3.5 [10]
RITU Q.,DQ,Q, 8.5 25° 2.2 10.0 4.8 [
SHANS | Q,DQ,Q, 25 52° 2.88 7.3 6.5 112
SHANS2 |Q,DQ,Q,D 25 (30 + 10)° 2.56 20.9 5.97 [13]

Horizontal distribution AGEA QD 44232 282 25 37 438 [14]
GRAND |Q,D,Q,Q,D 16 (32 £ 15)° 3.35 32.8 7.95"; 6.84¢| This work ]

[ QD2 Q, Q, Dy

the “chemical” stop chamber of RNs,




GABRIELA

Gamma Alpha Beta Recoil Investigation with the
Electromagnetic Analyser

target
wheel diff. pumping

DC280 beam

Si-detector (DSSSD)

« 100x100mm? or 128x128 strips
+ 16384 pixels; e . ‘

* Thickness: 500 pm e o "ea"“’“m"\

neutron shield

Tunnel Si-detectors (DSSSD)

« 50x60MM?, 8 X 16x32 strips;
 Thickness: 700 um

concrete wall

5 Ge-detectors

 Clover-type, HPGe,

* 100x100 mm, 70 mm height)
» BGO-shields

TOF system
* 1 e-emitting foil
« 2MCP-based e-detectors (70x90 mm?)




GABRIELA

Gamma Alpha Beta Recoil Investigation with the
Electromagnetic Analyser

Si-detector (DSSSD)

« 100x100mm? or 128x128 strips
» 16384 pixels;

 Thickness: 500 um

Tunnel Si-detectors (DSSSD)

« 50x60MM?, 8 X 16x32 strips;
 Thickness: 700 um
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5 Ge-detectors

 Clover-type, HPGe,

* 100x100 mm, 70 mm height)
» BGO-shields

TOF system
* 1 e-emitting foil
« 2MCP-based e-detectors (70x90 mm?)



GABRIELA

Gamma Alpha Beta Recoil Investigation with the
Electromagnetic Analyser

Thresholds,
FWHM, keV oy
Focal plane 10.8+0.6 keV - 320 keV electrons; 40-60
100x100mm? 16.5+0.8 keV - 7.92 MeV alphas
Tunnel Si- 14.4+1.2 keV - 320 keV electrons N P
60-100 A & AT A,
detectors 120£11 keV - 7.92 MeV alphas ? Jun=4 5_2023 12:33°17
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December 2022 - test experiment GRAND + GABRIELA focal plane (no HPGe)
+ COLD detector at FP2 (preparation for the SHE chemistry)

48Cg + 242P| —s 290F|*

1/2' * _ 287 _ 286 o(4n),
NGn) | Nan) | integalflox | ofan), pbarn

240.4 38.4 4.82-1018 8.513¢ 0.85%5:2
m 243 40.6 2.35-1018 5.2+48 1721
100 -
5242PU(48C8.,X|"I)290-XF| A 3n GRAND
] B  4n GRAND
— A 3nTHC-2
E B 4AnTHC-2
Target 24°Pu — 240 mm, 0.7 mg/cm?2. 8 0l
. . 8 4+
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June 2023 - GRAND + GABRIELA

Reactions CN

3n

4n 5n
(1)%6Mg+208Ph 234py 129.8 nb* 21.5 nb* 2.48 nb*_
(2)%°Mg+206Ph 232py 0.35nb 0.15nb 0.11 nb
(3)26Mg+204Ph 230py 0.15 nb 0.02 nb
Isotopes E, keV T I E, keV Tip Decay mode
Experiment Literature's data
699016 6999
230 gamma _ ~ 0,
Pu 7057411 7057 102 o ~100%
a ~50%
229 + _
Pu 7459110 7460 90 s EC~50%
228p 7762137 0.253 s 7810/7772 1.1/0.3 s a ~100%
Theory
8156126 ~EQQ,
227pynew! (bee=0,23 ¢ 2.2 8153 0,86 s o "69%
EC~31%
0,10)
>
226pnew! 8754424 =1ms 8773 1ms a ~100%
(1 event!)

0*4 v 7=90(Th)
10'5 {—9—7=94 (HoRhIt: laHHke )
10" 40— 2796 (Cm)

o 5]+ H00 M)

107 4

107

- TAN conference (Nov-2023, Huizhou, China)
- JINR Preprint, P7-2024-50
- To be published in PEPAN Letters, V22, 2025
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December 2023 — GRAND + GABRIELA

48Ca + 204Pb =Xn + 252-XNO

(ER-a)

Experimental setup SHELS GRAND
@u400 @DC280
Year of experiment 2020 2023
Duration of 19 days 13 days
irradiation
Beam intensity ~0.5 puA 3 puA
Beam dose 4-1018 21-1018
Number of beam 4 7
energy values
Number of ?*°No 200 nuclei 400 nuclei

102 @GRAND 2023 December

10"

1004 17

1072

1074

1075

2n

204Pb(48Ca, Xn)zSZ-XNO |

Alndata 251Ng
m 2ndata  250Ng

® 3pdata  2°No

m 4n data 248N o

A.1.Svirikhin et. al., The New 24°No Isotope, PEPAN Letters, 2021, Vol. 18, No. 4,
M. Tezekbayeva et al., Eur. Phys. J. A. 58:52 (2022)
A. Lopez-Martens et al., Phys. Rev. C. 2022. Vol. 105, Ne 2.



April 2024 — GRAND + GABRIELA

48Ca + 206pp = 254No* = 2n + 252No
* Target: 690 ug/sm? PbS (480 mm in diam. wheel)
* Beam: 4-6 ppA of “8Ca

* Result: 1-1.5 fissions/s from SF of 2°2No implanted to the
GRAND focal DSSSD.

GRAND 2024 ~85k SF of 252No

Count/ 250 keV
8 2 = 2
o o o o

(=]
=]

04
100

200
TKE [MeV]

300

NUMBER OF EVENTS

Bemis 1977, 176 SF

160 180 200 220 240
TKE (MeV)

Target wheels with 240 and 480 mm diameter




Chemistry of flerovium and copernicium

¥ o
201 < s0]? \
] £ -1004
12_ 5 i COMPACT\Pb COMPACT Il 242Pu+4SCa =3n+ 287F| (T1/2 =0.360s, bSF < 03)
2 }3 ] _ 29
s ) 140 '§ 0
3 31 l El 2 <) Hg
S o e e 200 O 20 283
) E TR & 8 Cn (Ty,=3.85, b < 0.04)
59 5 8 = qodd Rn
@ 67 100 2 5]
5 . I B I
4:“13-._ T fgo g,f 10 €) = Eji_:Cn _29 0
tE R }II-E il 2 Ds|(T,/,=0.186 s, b, < 0.87)
34 e 150 N . i I o 8
e A 200 ° 1020 30 40 50 60 0
246 81012141613202224262830 22 Detectar Mumber
Detector #
R. Eichler et al., A. Yakushev et al., From the distributions of atoms over the detectors:
Radiochim. Acta 98, 133 (2010) Inorg. Chem. 53, 1624 (2014) 1. adsorption properties of Cn and Fl
Is flerovium a metal or a noble-gas-llke? 2. thermodynamic characteristics of Cn and Fl

compared with their light homologues Hg and Pb

3. experimental determination of the influence of
relativistic effects on the chemical properties of the
heaviest elements.

4. degree of compliance of the chemical behavior
of the SHE with the law of periodicity of properties



Chemistry of flerovium and copernicium

gas adsorption thermochromatography method GRAND - pre-separator before a chemical setup

target
entrance wheel diff. pumping
window

CRYOdetector

1 DC280 beam

ER from
- separator

December 2022 run

Target 2#2Pu — 240 mm, 0.7 mg/cm?.
Mean beam intensity — 2 ppA.

—> 2 -3events/day (at FP1)

—> 2 SF events /1 month (at FP2)



Chemistry of flerovium and copernicium 208pp(48Ca, 2n)254No (Egg ~ 40 MeV)
144Sm(*0Ar, xn)184"Hg (Egg = 47 MeV)

gas adsorption thermochromatography method

»  Separating foil thickness optimization

CRYOdetector

r »  Grid geometry optimization

ER from

- separator

*  Optimal gas pressure

-180°C +20°C

*  Optimal Ar/He proportion

Compensation
volume

Recoils
Beam

%__ ________ -

Foil

10
100 mm 53

9
T 18 H
A_“ L
524 -
-0z ] " WAEan
a0
R e S T P R T O T P T 1
Harizental Distribution Herizontal Distribution




Chemistry of flerovium and copernicium 208pp(48Ca, 2n)254No (Egg ~ 40 MeV)
144Sm(*0Ar, xn)184"Hg (Egg = 47 MeV)

gas adsorption thermochromatography method

entrance
window

CRYOdetector

pump
ER from
| separator
\ ’
Compensation

volume

|

Surface: Velocity magnitude (m/s) Arrow Surface: Velocity field

V =56,2 cm3 oo \/=44,3cm?3

' ) &,\ 5. - total gas renewal time = 1.6 s
| ’ Hg transport time = 0.2 s!

; H””‘"""w X 0.03
| ;. 002
- - 0.01

0

z 287F| T,, =0.36 S



Chemistry of flerovium and copernicium 208pp(48Ca, 2n)254No (Egg ~ 40 MeV)

144Sm(“Ar, xn)184"Hg (Egg = 47 MeV)

gas adsorption thermochromatography method

entrance
window

CRYOdetector
pump

ER from

- separator

B New detection modules with gold surface

S5=20x10mm?
Sgold = 95%




Chemistry of flerovium and copernicium 208Pp(48Ca, 2n)24N0 (Egg = 40 MeV)

144Sm(“Ar, xn)184"Hg (Egg = 47 MeV)

gas adsorption thermochromatography method

CRYOdetector

New LN cooling system
= | I ,
gl \ -

+20°C

B 8
Temperature

nl
‘ ‘ ‘ I | I V= -571030+ 30 836,
R?=0,9713
.
0
| IIIIIIIIII _-_I---lll-_,u;LSOC
2 3 4 5 6 3

7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30 31 32

Si det strips



Chemistry of flerovium and copernicium
- - 7, , 2 ffﬂ%j

242py+48Ca=3n +

287F|

283cn

Gas transport

CRYOdetector

(T,/,=0.360s, b, <0.3)

(T1/2 = 3'8 S, bSF < 0.04)

279Ds|(T,/, = 0.186 s, b, < 0.87)

Cross section ~ 10 pb (3n)

o =10 pb, h=0.7 mg/cm?, &, = 480 mm,



Chemistry of flerovium and copernicium

COLD'2007 S N RPN | 7 |
After target'  cod e i
ls0 |
IO/ODet Hg ' - on | -1 00 T/oc
2 | S

2468 101214161820222426283032
Detector ——»
R. Eichler et.al, Angew. Chem. Int. Ed. 2008, 47, 3262

242py+48Ca = 3n +|287Fl | (T,,,=0.360s, b < 0.3)

283Cn|(Ty/,=3.8's, by, < 0.04)

279Ds|(T,/, =0.186 s, b < 0.87)

Cross section ~ 10 pb (3n)

o =10 pb, h=0.7 mg/cm?, &,= 480 mm

3 events of 283Cn — 3.1x10*8 48Ca ions from U400 cyclotron

??? events of 283Cn — 2.5x10'® 48Ca ions from DC280 cyclotron

(16 days!)
(1 day!)




Spectroscopy of SHE at GRAND

B. Sulignano thesis phD (Mainz, 2007)

* Location of closed shells: e I ra— sy | Experimental insight into the sructure of
.« Proton shell: a0 e s | Super Heavy Nuclei can be obtained by
) vuo ] direct measurements of the ground
. 114,120 0r 126 / 114 -126? 3 e s 0] | " states properties of nuclei.
1200 4 “QZM j 5]
. Neutron shell: e 2 ] e ||
o] reanae| 8GN ] f
° 172 or 184 ',) 6004 © b, =29% Si(71%) I [
wd e o=
200+ E_keV
o
2k 253 2 249 2 o4
1.8F Rf 18F NO 180 SFITI >1.02 MeV + X B¢ <
8f 16F 1.6f AR UL D UL
3 3.
* Nuclear structure: 2t St R
2 b 2 i 8 4 /’
c c c 4
*  Lifetimes o 3ol So
40 s 0.4b 0.4} 0.4 1'/
. Decay modes IMEF;HM 2+ 0.2 | ‘ o02f , , . 02k ’/ 52.8 us _—
0 9200 9300 9400 9000 9100 9200 %Dlgo mluq szlm SF X 9.9 ms
o Isomers Decay Energy (keV) Decay energy (keV) Decay energy (keV) 1/2+
M. Tezekbayeva et al., Eur. Phys. J. A. 58:52 (2022) SF “\
A. Lopez-Martens et al., Phys. Rev. C.2022. Vol. 105, Ne 2. P. 50-53. 253Rf




Spectroscopy of SHE at GRAND

Main goal of our activity in Spectroscopy of heavy nuclei :

1. Spectroscopy experiments using high resolution alpha,
CE spectroscopy and Ge arrays to study Decays of No, Lr, Rf, Db
and Sg isotopes and daughter nuclei.

GABRIELA-II, 1 Clover, 4 single crystal HPGe detectors.
SHELS @ U400

GABRIELA-III, 5 Clover HPGe detectors,

thick tunnel detectors for detecting CE.

GRAND @ DC280.

[
2. Full scale experiments aimed to spectroscopy studies -
of 286.287F| 288\ic and daughter nuclei.

GABRIELA-III, 5 Clover HPGe detectors,

thick tunnel detectors for detecting CE. Ny

GRAND @ DC280. 79 20 i
& Jun-15-2023 12:33:17




Spectroscopy of SHE at GRAND

Isotopes studied

- - gamma, EC, alpha

- - SF (TKE, neutron
multiplicity

with SHELS separator

o

Number of protons

148

Lr252
Lr |
No
Md 245 Md 246 Md 247 Md 248 Md 250
: :
Fm248 Fm 250
I
Es 243 Es 244 Es 246 Es 247 Es 248 Es 249
Es 1 2 2 1
C cf242 Ccf243 Ccf244 Ccf245 Cf246 cf247 Ccf248
3 2 1 2 12 18
k Bk 241 Bk 242 Bk243 Bk 244 Bk 245 Bk 246 Bk 247
3 3 4 4 3 24
Cm 240 Cm241 Cm242 Cm243 Cm244
Cm
3 7 5 30 14

150

Lr254

Md 252

Es 250

Bk 248
21

[ Sg] Sg258

Sg271

Sg259 Sg261 Sg262 | Sg263 sg265 || sg266
Db 258 Db 260 Db261 Db 262 Db 263 Db 267 Db 268
12 2 1
Rf258 Rf259 Rf260 Rf261 | Rf262 Rf263 Rf267
2 3 1
Lr256 Lr257 Lr258 Lr259 Lr260 Lr261 Lr262
2 al, 3 1
No257 | No258 | No259 [ Nozeo No 262
Md 253 Md 254 Md 255 Md 256 Md 257 Md 258 Md 259 Md 260
2 5] 1 1 1 al
Fm252 | Fm253f Fm254 [ Fm255 | Fm256 | Fm257 | Fm258 [Fm2s9
1 2 4 6 23
Es 251 Es 252 Es 253 Es 254 Es 255 Es 256 Es 257
21 7 3 1 1
cf250 cf251 | cfz2s2 cf253 cf254 cf2ss | cf2se
4947 49 9 5
Bk250 [ Bk251 [ Bk252 | Bk253 | Bk254 | BKk255
44 11
cm248 | cm249| cm2s0 | cm2s1 [ cm2s2 | cm2s3 | cm2sa
44 40 1

152

154

156

Number of neutrons

158

160

162

164




Spectroscopy of SHE at GRAND

242py+48Ca reaction products (DGFRS2)

The several hundred a-decays of this nucleus that can be
recorded during a 60-day experiment could provide data
on the lowest levels (0+, 2+ ) of the ground state transition
of the nucleus 2#?Ds. These data directly indicate the
degree of deformation of the studied nucleus, i.e., the
distance of the nucleus from the hypothetical region of
spherical superheavy nuclei ("Island of Stability").

= o ¥
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9.5 107 10.5
Energy (MeV)

Counts

- sl

107 105°)] ms

5-

S I

. EO.BSfE_,"ffms 282¢p
31

04==£ I —
105 104 103 102 101 100

Decay time (s)

Yu. Ts. Oganessian et. al,
PHYSICAL REVIEW C 106, 024612 (2022)




Spectroscopy of SHE at GRAND

48Ca + 242Pu — 28F| +4n

target D = 480 mm

cross section 286F| ~ 5 pbarn
48Ca ~ 3x1013 pps. (5-6 ppA)

P~ 0
atransmission 40 Yo

. 4-6286F| [ day

Counts / 20 keV

Count / 10.0 keV

Yu. Ts. Oganessian et. al,
PHYSICAL REVIEW C 106, 024612 (2022)

44 286F| -
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o3 N | N 1] ] —
' L
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Energy (MeV)

Simulation

286F|: 60 days + 4 ppA - 120.0 o; 15 keV resolution; peaks ratio 1:5
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48Ca+10, 7 ppA (simulated!)
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The detector cave
IS planned to be built in 2025-2026
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Spectroscopy of SHE at GRAND

Counts / 20 keV

Reaction 243Am(%8Ca,2-5n)2%6-289\c (DGFRS2)
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Spectroscopy of SHE at GRAND

Counts per channel
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22 decay chains - 16 y-quanta!
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55 new decay chains
(+31 in 2003, 2010-2012)
SHE Factory, DGFRS II (2021)

J.M. Gates et. al, Phys. Rev. C. 92, 021301(R) (2015)
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Spectroscopy of SHE at GRAND

48Ca + 2Am — 28Mc + 3n

target D = 480 mm

cross section 288Mc ~ 8 pbarn
48Ca ~ 3x1013 pps. (5-6 ppA)
~ 40 %

stransmission

— 6 -8288Mc / day

100 days — 1020 48Caions — 600 - 800 2%8Mc

The work can only be carried out once the “SHE Factory” has been
upgraded to a Class-I RC-laboratory.




Spontaneous fission properties of SHE

Proton number Z

O b‘if < 0.001, no sf observed
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the isotopes for which spontaneous fission branches have been reported so far.
F.P. Hesberger - Eur. Phys. J. A (2017)53, 75

The orange and red boxes — SF nuclei which have been studied on the VASSILISA (SHELS) separator




Spontaneous fission properties of SHE

229Th
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General view on the systems for which mass or nuclear-charge distributions
have been measured.
K.H. Schmidt, B. Jurado, Rev. Prog. Nucl. Fiss (2018)



Spontaneous fission properties of SHE

SqUno
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Spontaneous fission properties of SHE
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Rubchenya, V.A. Prompt neutron characteristics

in the spontaneous fission of heavy and superheavy nuclei.

LXV International Conference "Nucleus 2015" June 29-July 3, 2015, St. Petersburg



Spontaneous fission properties of SHE

100
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Spontaneous fission properties of SHE

Isaev, A. V. et al.
The SFiNx detector system
PEPAN Letters 19, 37-45 (2022)

Isaev, A. V. et al.

Study of spontaneous fission using

the SFiNx system

APP B Proc. Suppl. 14, 835-839 (2021)

SFiNXx

- 704 mm -

/]

1-ER “beam”

2,3 — DSSSD box

4 - SHe-based N counters
5 — scintilator

6 — vacuum chamber

7 — neutron moderator

8 — neuron shield

£, =55%

- 690 mm

Spontaneous Fission, Neutrons and x-rays

-—

EET T

128%128 strips

@32 mm



Spontaneous fission properties of SHE

The estimation of half life

The average number of SF neutrons
(e, >45%)

The determination of neutron
multiplicity distribution

(e, >45%)

The evaluation of TKE (2 FF!)

The determination of energy or
mass distribution of single fission fragments

>

>

>

5 decays

10 fissions

100 fissions

100 fissions

10° fissions



Spontaneous fission properties of SHE

To create the correct mass distribution of fission fragments we
need to register 2 10° fission fragments !!!

Cross section of ER

. 2000 nb 186 nb
formation
Branching ratio b,=90% (b,=0.17%) b = 33%
Efficiency of detection €, = 50% € = 100%
| beam =1 puA of 48Ca 120 000 alphas from 2°*No per 24h 25 000 fissions of 2°2No per 24h

720 000 alphas from 2>*No per 24h

- 48
I beam = 6 puA of **Ca 2500 fissions from 2>*No per 24h

100 000 fissions of 2°2No per 24h



The implantation “box” detector

box DSSED's

asssa dos

Recoil separator + CORSET-like
detector

ANSWERS-like setup
43Ca+20’Pb @TASCA

€4et = 100 %
100 000 F1 or F2 events per 24h

Fland F2 g,,=50 %
50 000 F1+F2 events per 24h

200 SF events
per 24h

€40, = 80-90 %
&, = 50% (for nobelium!)

40 000 - 50 000 SF events
per 24h

2E method (+ neutrons)
TKE + neutrons!
Mass measurements
not supported

2V, TOF-E methods
TKE, fr. masses
2<AM< 4 amu

2E methods
TKE, fr. masses, neutrons

5<AM< 10 amu



Spontaneous fission properties of SHE
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Spontaneous fission properties of SHE

48Ca + 242Py

100

*  What statistics are needed?
100+ SF for neutron multiplicity and TKE
10+ SF for average number of neutrons
4-5 SHE-isotopes in the one experiment!!!

First tests of new rotating target
D =480 mm and 6 puA of 4Ca
SHE Factory, April 2024

242Pu(48ca xn)Z‘)O-xH A 353 GRAND
. ® 47 GRAND
A 3pTHC-2
4n 3n _ ® 4nIHC2
Fl 287 S & i
0.51s —
c
.
I3}
(O]
/ // U) I ) +
yd g /// % j
e 9
Cn 283 §) GRAND Dec. 2022
48 0.1 Achieved: 2 Flerovium
decays per day!
SF 4%, : T y p_z T
. 230 235 240 245 250 255
// Eyp [MeV]

260
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Reaction

CONCLUSION

Number of nuclei in

the focal plane of the

Properties of nuclei available for study

48Ca + 204-208Pb 249-254N0

286,287F |
*8Ca + 2%2Pu 282,283,

separator

<2.5x10°/ 24h

<10/ 24h

<10/ 24h (RCL—1)

a-,B-,y-spectroscopy, fission fragment
spectroscopy (TKE, ff-masses, neutron
multiplicity)

Transactinide chemistry, decay modes, a-,B-,y-
spectroscopy, spontaneous fission
characteristics (TKE, neutron multiplicity)

Transactinide chemistry, decay modes, a-,B-,y-
spectroscopy, spontaneous fission
characteristics (TKE, neutron multiplicity)



Thank you
for your attention!




