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Velocity filter SHELS GABRIELA

Gamma Alpha Beta Recoil Investigation with
the Electromagnetic Analyser

o Study of the decay properties of heavy nuclei,
isomeric and ground states, by a,[3,y-spectroscopy
of mother (implanted) and daughter products of
the evaporation residues.

o Study of the single particle level structure in Fm-
Sg region, by moving away from the N=152
towards the N=162 shell.

o Definition excitation energy, spin and parity of
nuclear levels.

Determination of the partial half-lives of

SF heavy nuclei
Isotopes studied at VASSILISSA / SHELS
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Measure of the average number and
determining the multiplicity distribution
of prompt neutrons.

s | W) | Leie Leisd | wsT | i | teiso | Lene | b Jlews
Lr 2 2 3 2 ' 2

'
VG | Wi | M| e | D | e W2 a2 | We e | Vs | VT | Ve | Ve | e [ veove
S il i il 164 166
z Tt | Pl o O I G | TRET |Fms |fmiss |

Fard | Fade | Baiv | Fu L O Fer | Carie Barin | Cersi| Ced | Cadm | Guiii | Buii | Fa 7
2 ' 2 ' ' al | s '
Cimnz | Gl | Clive | Cl2% | Giave | GO | Glvk O | o | cosr | Cloa | Cize | €l | Ciost
2 2 ' 2 |2 | na a| 2| s
Ghavi | 22| W | Give | Wvs | Ghiw | BhaT EAEACAasarsa
2 a2 | e « 2 x| “w

Ot | Gt | O | s | e Ouint| emd| ot | oz | crir | s | oim
2 r EY = " - <

T woike [ o™ | morid | merss | mode hwl
'

Study of the SF isomers.
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Velocity filter SHELS

First stage - years 2010 - 2013

VASSILISSA



Velocity filter SHELS

First stage - years 2010 - 2013

New ion optical scheme
MQ-MQ-MQ-ES-MS-MS-ES-MQ-MQMQ-MS
Improvement of slow ERs transmission

VASSILISSA



Velocity filter SHELS

First stage - years 2010 - 2013

New ion optical scheme
MQ-MQ-MQ-ES-MS-MS-ES-MQ-MQMQ-MS
Improvement of slow ERs transmission

SHELS
Separator for Heavy ELement
Spectroscopy

Magnetic
Sector D8

Quadrupole
Triplet 2
Electric Sector 2

Magnetic Sector D22-2

Magnetic Sector D22-1
Beam Stop

Quadrupole
Target Triplet 1



Vel() Clty fllte r S H E LS Table 3. Principal components of SHELS.

Quadrupole magnets
Maximum field gradient 13 T/m
Effective length 38 cm
Aperture radius 10 em

Electrostatic sectors
Maximum field gradient 40 kV /em
Effective length 65.7 cm
Distance between plates 1020 cm
Nominal deflection angle  8°

Magnetic sectors D22-1,2
Maximum field strength 08T
Effective length 59.7 cm

SH ELS e e Focal plane Gap hight . 13.5 em

Separator for Heavy ELement -l Detector Hominal detlectioniomgle 2
10 2

Spectroscopy g

Magnetic sector D8
Maximum field strength 02T
Time of Flight Effective length 58.8 cm
Gap hight 14 em

Magnetic Nominal deflection angle  8°
Sector D8

Quadrupole
Triplet 2
Electric Sector 2

Magnetic Sector D22-2

Magnetic Sector D22-1
Beam Stop

Quadrupole
Target Triplet 1



Velocity filter SHELS

Tests 2013-2015
Table 5. Test reactions studied at the velocity separator SHELS.

Beam Target
Reaction energy thickness ERs transmission Ref.

(MeV) (mg/cm?) old new
22Ne(238U,4-5n)255:256No 115 0.35 (U3Og) | 0.01 -
22Ne(208Pb,4n)226U 117 0.36 (PbS) | 0.02 =
22Ne(206Pb,4n)224U 117 0.23 (metal) | 0.02 - [11]

22Ne(198Pt,5-n)213—215Ra | 115-125 | 0.30 (metal) | 0.03 | 0.040+0.015 [12]
22Ne(197Au,4-6n)213-215A¢ 120 0.35 (metal) | 0.03 | 0.065%0.030 [12]

40 A r(208Pb,2-3n)245:246 pm 237 0.36 (PbS) | 0.20 0.4 [13]
50T (208Pb,2n)256 Rf 237 0.36 (PbS) | 0.20 0.3+0.1 [14]
50m;(164 Dy, 3-5n)209-211R, 240 0.3 (Dy203) | 0.3 0.4 [13, 15]
SHELS o
H R Focal plane
ik Detector
Separator for Heavy ELement 0 ;

Spectroscopy

& Time of Flight
W
oe\“' - Magnetic
Ll Sector D8

Quadrupole
Triplet 2
Electric Sector 2

Magnetic Sector D22-2

Magnetic Sector D22-1
Beam Stop

Quadrupole
Target Triplet 1

Table 3. Principal components of SHELS.

Quadrupole magnets
Maximum field gradient 13 T/m
Effective length 38 cm
Aperture radius 10 em

Electrostatic sectors
Maximum field gradient 40 kV /em
Effective length 65.7 cm
Distance between plates 10+20 cm
Nominal deflection angle  8°

Magnetic sectors D22-1,2
Maximum field strength 08T
Effective length 59.7 cm
Gap hight 13.5 ecm
Nominal deflection angle  22°

Magnetic sector D8
Maximum field strength 02T
Effective length 58.8 cm
Gap hight 14 em
Nominal deflection angle  8°




Velo Clty fllte r S H E LS Table 3. Principal components of SHELS.

Quadrupole magnets
Maximum field gradient 13 T/m
Effective length 38 cm

Aperture radius B 15cm

Electrostatic sectors
Maximum field gradient 40 kV /em
Effective length 65.7 cm
Distance between plates 1020 cm
Nominal deflection angle  8°

Magnetic sectors D22-1,2
Maximum field strength 08T
Effective length 59.7 cm
Gap hight 13.5 em
Nominal deflection angle — 22°

Magnetic sector D8
Maximum field strength 02T

© Effective length 58.8 cm
\:‘e\ie- 7 Gap hight 14 em
oe‘\f‘, ~ Magnetic Nominal deflection angle — 8°
o Sector D8

Quadrupole
Triplet 2
Electric Sector 2

Quadrupole
Triplet 1



Velocity filter SHELS

Second stage - years 2014 - 2016

Improvement of GABRIELA detector array

New Si detectors : larger + more strips
— 2 x ERs detection efficiency
= higher CE detection efficiency

Focal plane DSSD

48x48 DSSSD

the thickness is 300 um

the sensitive area is 58 mm?

the pos. resolution is 1 mm?

Energy resolution 12-15 keV

)
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%o

*¢
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0’0

Side detectors
4x16-strip Si-plates
(no pos. sens.)

Detection efficiency:
For alpha-particles - 80 %
For SF-fragments - 100 %




Velocity filter SHELS

Second stage - years 2014 - 2016

Improvement of GABRIELA detector arrayl

New Si detectors : larger + more strips
— 2 x ERs detection efficiency
= higher CE detection efficiency

Focal plane DSSD
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48x48 DSSSD

the thickness is 300 um

the sensitive area is 58 mm?

the pos. resolution is 1 mm?

Energy resolution 12-15 keV

Side detectors

4x16-strip Si-plates

(no pos. sens.)

Detection efficiency:
For alpha-particles - 80 %
For SF-fragments - 100 %

= 128x128 DSSSD
= 500 um

= 97.3 mm?

= 0.8 mm?

8x(16x32 DSSSD)
the thickness is 500 um
the pos. resolution is 2 mm?

focal plane area increased by 1.7!



Velocity filter SHELS

Second stage - years 2014 - 2016

Improvement of GABRIELA detector array

7 single crystal Ge-detectors
With BGO-shields



Velocity filter SHELS

7 single crystal Ge-detectors 1-100x100 mm clover Ge-detector
With BGO-shields 4 - single crystal Ge-detectors
All with BGO-shield



Velocity filter SHELS

counts / keV

48Ca(209Bi,2n)255Lr
Integral flux 1.4 x108
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Velocity filter SHELS

Next stage - years 2019 - 2020

New Detection systems
Further improvement of Ge detectors system (5 Clovers) => higher
gamma detection efficiency

= Gab2005| ]

40
—e— Gab2015| ]
—4— Gab2020| 1
30 -
20

Absolute efficiency, %

0 T T T 11 T T T 11
1E+02 1E+03

Gamma-ray energy, keV



Velocity filter SHELS

Next stage - years 2019 - 2020

New Detection systems
Modernization of neutron detector

Neutron detector

54 3He-counters placed in moderator and
surrounded by shield (polyethylene with boron)
Dimensions of counters: D=30mm, L=500mm
3He pressure - 7 At

Efficiency for single neutrons: 45 %
(?*8Cm-source)



Velocity filter SHELS

o ability to work in the SHE region (o < 1 nb)
Next stage - years 2019 - 2020 o unification of silicon detectors and
electronics with GABRIELA setup (large

New Detection systems DSSSD and position sensitive side
Modernization of neutron detector detectors)

Count Radius Gap AAngle AEven

8 105 -018 0.41
8 14 032 0.26
4 130 -013 0.0
4 4 148 0.0 0.0
8 152 0.487 | 018
6 8 166 0.46¢ 0.32
Counters 116 B Layers 17 |2

Moderator Vacuum Chamber

Size Size
155
Lenght Thickness I |
620 3 I I
I [
' [ |
Shield Source I I
Thikness X Position (mm) I I
30 0
Thikness Y Source Isotope
50 Cf-252
Boron %
5 Max time (minu: tes)

Update Projections

Load Geometry

Generate Output

Load Results

Grid step 25



Velocity filter SHELS

Next stage - years 2019 - 2020 Counters count: 116 (4; 7 At 3He)
Efficiency: 57% (MCNPX)

New Detection systems Average neutron lifetime: 24 us (MCNPX)

Modernization of neutron detector

[ XoX ] Geometry
Count Radius Gap AAngle AEven

8 105 -0.18  0.41

> 8 M4 032 026

2 4 | 130 -013 0.0

a4 148 00 | 00

5 8 | 152 0.487 018

6 8 166 0.46¢ 0.32

Counters 116 » Lay

Moderator Vacuum Chamber

Size Size
155
Lenght Thickness
620 3
Shield Source
Thikness X Position (mm)
30 0
Thikness Y Source Isotope
50 Cf-252
Boron %
5 Max time (minutes)

16

Update Projections

Load Geometry

Generate Output

Load Results

Grid step 25



Velocity filter SHELS

Next stage - years 2019 - 2020 Counters count: 116 (4; 7 At 3He)
Efficiency: 57% (MCNPX)
New Detection systems Average neutron lifetime: 24 pus (MCNPX)

Modernization of neutron detector




SHELS Results

Isotope

254Rf*
256Rf

250N

250mN0

254N o*
252No

244Fm

24—6Fm

? ‘ ZASBk

Calculated average

number of neutrons,

4.7
4.6
4.3
In progress
In progress
4.1

3.5
3.6

254Nov
?

r/ T
252 N q// 256Rf
/ ®
250No ; .
/,

254 Rf; : &&/‘

® |
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® rm
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|
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ZSOMd \I

Measured average
number of neutrons,

3.8710.34
4.47+0.09
4.38+0.13
3.90+0.20
5.07x0.27

4.33+0.17

3.3+0.3
3.6£0.5

2([1‘@

Calculated average
TKE (MeV)

209
208
202
In progress
In progress
201

196
196

Measured average
TKE (MeV)

19242
200+2 MeV
184+2 MeV

198.7**

198+15
199+4

* - new data (SHELS separator)
** _values from literature

In the present work we used an improved scission-point
model (see A.V. Andreev, Eur. Phys. J. A 30, (2006)) which is

powerful in description of various experimental data on
binary and ternary fission of heavy nuclei: mass and charge
distributions of fission fragments, their kinetic energies,
prompt fission neutron multiplicities, etc.

240

T
244

T T T
252 256 260

Atomic mass

T
248

T T
264 268



SHELS Results

Cross-sections of xn and pxn channels were measured in experiment.
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SHELS Results

50Ti + 209Bi N 257Db +2n
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SHELS Results

Preliminary experimental results: January 2019, GABRIELA setup

Reactions: 48Ca + 204206208ph = 21 + 250,252,254N g
SHELS separator transmission: 32%

Beam: *8Ca (18+), 0.4 puA, E; , = 225 MeV

Detectors: focal plane DSSSD-detector (128x128 strips), 4 side DSSSD-detectors (32x16
strips), 1 clover Ge-detector and 4 Ge-detectors (with BGO shields).

Registration: q, {3, y and fission fragments.

254N0

Target: 360ug/sm? PbS (99.57% of 298Pb); Beam dose: 2.3E18 “8Ca ions
Correlations: 600 Recoil — Fission Fragment (focal detector)

Measured: ff-TKE, cross-section, isomeric states, y-multiplicity

252No

Target: 400ug/sm? PbS (99.51% of 2°°Pb)

Correlations: 15000 Recoil — Fission Fragment (focal detector)

Measured: ff-TKE (using for calibration), cross-section, y-multiplicity

250N0

Target: 470ug/sm? PbS (99.94% of 204Pb); Beam dose: 6E18 “8Ca ions
Correlations: 19000 Recoil — Fission Fragment (focal detector, 0-500 ps), no Re — a correlations
Measured: ff-TKE, b, cross-section (35 nb), isomeric states, y-multiplicity



Plans for 2019-2020

Reactions Goals

Focal plane spectroscopy,

238 22 260-x
U( Ne,xn)  No .
XN-Cross sections

208ph(54Cr, xn) 262*Sg SF with neutron detector

208Pb(48Ca,2n)254No Study of the decay modes, k-isomers.

242Py(22Ne,xn)264*Rf Study of the decay modes.




Future Plans
New insights into the ?3Am+%8Ca reaction

products previously observed in the
experiments on elements 113,115 and 117

293447
g
11.03+0,08 MeV
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Oy Oz Otz
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Future Plans

Existing experimental data:

DGFS: 2.5x101° Beam energy 240 - 243 M>3B, 31 chains (no gamma)

TASCA + TASISpec: 6x10'® Beam energy 242 and 245 M»3B, 22 chains (16 gamma quanta)
Nuclear Instruments and Methods in Physics Research A 622 (2010) 164-170

Expectations (SHELS + GABRIELA)
Cross section ~ 8 pb

Target thickness ~ 1018 at/cm?

Beam intensity ~ 5x10'? pps

If €transmission 40 %

1 event per day.

100 days (flux about 3x1019)

about 100 events — 75 gamma quanta

Counts per channel
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Yu. Ts. Oganessian et al.,,Phys. Rev. C 87, 014302 (2013)
D. Rudolph et. al, PRL 111, 112502 (2013)




Future Plans

DC280 + GNSIII + GABRIELA
Cross section ~ 8 pb

Target thickness ~ 1018 at/cm?
Beam intensity ~ 1.5x1013 pps
If Etransmission ~ 40 %

3 event per day.

100 days (flux about 102°)
about 300 events —

215 gamma quanta



Gas-filled pre=separator GFS-3 |

Future Plans ~ (attheZ@’ssite) |

N

DC280 + GNSIII + GABRIELA
Cross section ~ 8 pb

Target thickness ~ 1018 at/cm?
Beam intensity ~ 1.5x1013 pps
If Etransmission ~ 40 %

3 event per day.

100 days (flux about 102°)
about 300 events —

215 gamma quanta
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[1. Status of the Factory of Superheavy Elements

DC-280
Main Parameters

Ion sources

Permanent
magnet ECR
DECRIS-PM - 14
GHz

Injection energy Up to 80 keV/Z
A/Z range 4+7.5
Energy 4+8 MeV/n
Magnetic field level 0.6+1.3T

K factor 280
Magnet weight 1000t
Magnet power 300 kW
Dee voltage 2x130 kV
RF power 2x30 kW
consumption

Flat-top dee voltage | 2x14 kV
Deflector voltage Up to 90 kV




[1. Status of the Factory of Superheavy Elements

Tests of DECRIS-PM at the HV
platform of DC-280

Ions for DC-280 tests

10Ar7,A/7=5.71
I max=190 pA

10ATr*8, A/Z=5
I max=290 pA

g K14, A/7=6
I max=65 pA
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[1. Status of the Factory of Superheavy Elements
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[1. Status of the Factory of Superheavy Elements

Beam :
extraction

system / 9
/%

Focusing
magnetic
channel

Electrostatic Extraction radius of

deflector Rex=1.79m
U4=75.55 kV



[1. Status of the Factory of Superheavy Elements
—
& The first ion.beam-extracted fromBDE-280..

. (without flat-top resonators)

17.01.2019 .

The first extracted beam Toun ey

Of g,Kr* Igp,=1nA
18:32




[1. Status of the Factory of Superheavy Elements

25.03.2019 The Factory of Superheavy Elements inauguration

Ions from DECRIS-PM
84_Kl'+14

I1=49 nA

Extracted from DC280
I=12.1 pA

-

Mikhail Kotyukov
Minister of Science and Higher Education of the
Russian Federation

-
@= 010 L2 W




Immediate plans

» Carrying out radiation measurements with
participation of FMBA representatives.

» Installation of flat-top resonators, installation of
regular inflector, improving of vacuum conditions.

» Acceleration of ,,Ca*®*9 . Ti*8*9, Increasing of ion
beam intensity, transportation of ion beams to the
GFS-2.



First experiments at SHE Factory
Synthesis of new element 119

249B k+50Ti 9 1191294 | 1191295 | 1191296

119 ~30ps § ~50ps § ~0.1ms
294-296 | Iz Iz
3-5n + 119 1181294
0.69ms
118 11.66

1171290 § 117/291 § 117/292 § 117/293 | 117/294
22ms | 51ms

108 1-
[11.20 1107

Lv200 | Lv2o1 [ Lv2o2 | Lv203
83ms|19ms | 13ms| 57 ms
10.85] |10.74 10.63 10.56

—

—

~
2

Proton number

115/286 § 115/287 § 115/288 § 115/289 | 115/290
1 1 5 37 ms l| 164 msli330 ms| 650 ms
061 fios | 5% | Bk
F1285 F1287 F1288 Fl1 289
114 0.15s] 0. 048s | 066s| 19s 1 77
10.41 10.21 10.03 9.93 9.84
113/278 113/282 § 113/283 § 113/284 § 113/285 | 113/286 1 76
113 l4ms 3msll iomsfjo091s) 42s | 955
nes 1063l hoxl bi% | B | B
2277 Ccn281 Cn28 Cn2ss 175
o 013s 425 28s
i 10.30 953 9.19
Rg272 Rg274 Rg278 f§l Rg279 | Rg 280 Rg282 1 74
m T i 4ms §009sff 465 100 s
9.09- 8.86-
1098 1115 10.69 0.38 992 9.28 905
. Ds269 | Ds270 | Ds271 Ds273 Ds 277 1 73
m 0.18ms B&ms J0.1ms 63 ms]1.6ms] 0.17ms 41 ms
1t 18 oo |10 1028 12 10.55 971 873
Mt268 Mt 270 Mt274 § Mt275 Mt 276 Mt278 1 72
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aw a2 893 | Joz] [i Shi
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0255 [ <: 2l co20u ['Suae N 169
55 554 D d 287 288M 282-294 h k
L)
168 escendants C, Nh... are known
h h h
167 Neutron number

160 162 164 166

6=50 fb, h=0.3 mg/cm?, g.,;;=0.6, .., ;=3 PRA — ~1 event per month

coll



SHE-Factory building, January 2019




