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TASCA

TransActinide Separator and Chemistry Apparatus

Gas-filled recoil separator
with maximized transmission (efficiency)

for transactinides (SHE)
from hot-fusion reactions with actinide targets,

In particular for:

* Chemical investigations of elements 104 -- 116

* Nuclear structure and nuclear reaction investigations
of the most n-rich nuclides; 22104

*"Chemistry" in the separator — probe the influence of the gas

M. Schadel, CHE7 Mainz, 11.-13.10.09
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TRANSPORT calculations, A. Semchenkov (2004); model reaction: 48Ca + 238U/244Pu =» 112/114

@ TASCA @ K="= I DARMSTADT

5 HELMHOLTZ
| GEMEINSCHAFT

M. Schadel, CHE7 Mainz, 11.-13.10.09




TASCA — The Preparation Phase: Monte-Carlo Simulations

mﬁgl 48Ca + 238U -> 283112 mlgﬁ

High Transmission Mode RTC = Small Image size Mode
HTM-RTC window: Recoil Transfer Chamber SIM-RTC window:
14 * 4 = 56 cm? @3 cm =» 7 cm?
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* MC-Model: K.E. Gregorich
Calculation: A. Semchenkov
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Comparison of Gas-filled Separators in SHE Research

Measured / Estimated / Calculated Transmissions for:
48Ca + 238U/24Pu = 112/114

Separator DGFRS | GARIS BGS | TASCA | TASCA
Configuration DQLQ, | DQ,QLD | Q,DD | DQ,Q, |DQ,Qy,
Transmission / % 35& 40* 49-59 608 358
Dispersion / mm/% 7.5 0.7 20 o) 1

& Yu.Ts. Oganessian

priv. comm.

* Estim. from test reactions;
K. Morita priv. comm.

§ MonteCarlo simulation
400 pg/cm? target

@ TASCA @ K="= I DARMSTADT

M. Schadel, CHE7 Mainz, 11.-13.10.09




Window-le g DSSSD Stété‘of the‘A‘rt‘S.top Detector Array -

6900 plxels

& EF' g | EW :'F;;q ==

' 48Ca beam
~ i T 1
ik ‘-_'-_-_‘-_'_-—--_




TASCA Commissioning Experiments: Nuclear Reactions

TASISpec: High efficiency
a-y-CE-multi-coincidence in SIM

6AN| + 150Nd => (3-6)” + 208-211Ra

64N + 141Pr 2 5n + 200Fy

22Ne + 197Au = 4n + 215A¢

4OAr + Mty =» 5n + 219Ac

SACr + natGd = (3_4)n + 208-211R4g

30Gj + 181Tg = (5_6)n + 205,206

Zon < 92

U217 | U218 | U219
64N +139a 2 3n + 200At || 48Ca + 152Gd & (4-5)n + 195196Pg o
o1 212 [ Pa213 | Pa2i4 Pa?ﬁ Pa216 | Pa217| Pa2i8
22 181 - 198m,199R |
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90
4O0Ar + NatGd =» 6n + 190-194pp Rc206 | X207 | Ac20 | Ac 20y Ac210\Ac 211 | Ac212 | Ac213 | Ac2igfl Ac 215 Wic 216
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40Ar + 152Gd = 4n + 188pp R#R01 [Ra202 | Ra203 | Ra204 | Ra 205 Ra){ Ra207/"ta208 | 22030 Ra210 | Ra 21JNRa 212 Ra 213 | RIZT4 | Ra215
88
48Ca+ 144Sm = 4n + 188Pb Fr199f| Fr200\NFr 201 | Fr202 | Fr203 | Fr204 f/Fr205 Jrr206 Nrr207 | Fr20gd Fr203d Fr210d Fr2iid Fr212d Fr213 | Fr2i4
87
Rn 195 | Rn 196 | Rn 197 | RA 198 | RiT99 | Rn200 | Rn 201 | Rn 2020 Rn 203 | RA2044 Rn 203 Rn 208 Rn 203 Rn 203 Rn 2084 Rn 210 | Rn 213l Rn 212 | Rn 213
40Ar + 144Sm D 6n + 180-183Hg 86 7‘ J
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83
Pb180 | Pb 181 | Ph 182 | Pb 183 | Pb 184 | Pb 185 | Fb 18 Pb1 04 06 . 18
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TASCA Commissioning Experiments: Nuclear Reactions

22Ne + 244Pu 9 4_6n + 260,261,262Rf
ZCN >92 Trans-
22Ne + 238 =» 4-5n + 295256\ actinides
48ca + 206’207’208Pb 9 2n + 252,253,254NO Rf25 RF257 | Rr 2584 RF RF261 £26
104
DO OO 0O 0O 0O 0000000000000 000000000000 0000 00 0 00 o0 00 1 95 r 953 R L2 L 25 o0
TASISpec: 4Ca + 206207ph 3 2 + 252253No
No 2587 No 2524 No 253 Nio 254)Cio 2550 No 250\No 25 No 25
1
4°Ar + 208Pb = 3n + 245Fm 01 Td 245] Wd 247 | Md 2434 hd 249 | Md 2 M 2550 Md 2584 hd 2524 Md 258
Fin 243 Fm 245 Nem 2480 Fm 247 | Fm 248 Fm 2498 Fm 250 Fin 252 | Fn 253 Fim 254 | Fin 255 Fin 257
100
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99
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TASCA - Commissioning Phase: Parameter Studies

- Nuclear reactions

- Target production technique + target stability

- Target thickness

- Gas pressure (HTM, SIM)

- Gases and mixtures He:H, (1:0, 3:1, 2:1, 1:1, 0:1)

- Charge state, Bp; dipole stetting, best experimental< theoretical value
- Transmission (HTM, SIM); (+ scattered, unwanted products)

- Focus (HTM, SIM)

- Detection systems: FPD, TUM-DSSD, Lund-DSSD in TASISpec
- RTC windows (incl. degrader) + chambers (HTM, SIM)

- He-KCl jet transport = ROMA, = ALOHA + ARCA
- First aqueous chemistry: Os (Hs-model), Rf (AlX)
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48Ca + 296pPp = 2n + 2°2No — He-pressure dependence

M 252N in FPD - Horizontal distribution
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TASCA Commissioning Experiments: First Transactinide

14

A 4 3

A 4 2 22Ne + 244Pu 9 (4_6)n + 260-262Rf
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# Fully automated, remote control:

COMPACTH, ...
TASCA Cave X8 \ \ .
\ N Gas.i with cluster
\ as-jet /o0 cluster
10 m \ ~
~ L *<I CATCH / Detector
CHEM
Radiochem. | SISAK*, ALOHA*, ARCA*, COMPACTH#,..
"Warm Lab" * Automated, personnel involved
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TASCA Commissioning Experiments: First Transactinide

116 MeV 22Ne + 24Pu =» 5n + 78-s 2612Rf [ 2.7-s 261bRf

ROMA
28 a-a-correl., 149 a single, E, = 7.8-8.5 MeV: 2512Rf + 25’No-daughter ~measurem.
and . 261bRf — +0.9 : :
4 |11 SF*°PRME, T, =(2.2,457) s First "simultaneous" measurement of
T ZGlaRf and 261be
2, - RS cross section ratio= 2.5: 1
S .
S | .
<2 /) -
= o | _ = 2.1-s SF activity
g | previous assigned 262Rf
= 1 ‘/ 1 (M. Lane et al. PRC 53 (1996) 2893)
= .._:/ i | 1 is presumably 2610Rf (isomer in 261Rf)
= no isomer in 262Rf
0 " SR N A = re-assign fission properties
01 1 .10 100 (TKE and mass distribution systematics)
Measurement time / s

[ 5 B
GUTENRERG, * )
A. Gorshkov et al., GSI Sci. Rep. 2008, p. 140. ml =10 e P
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TASCA — First Transactinide Chemistry w/ Rf

(140x40) mm? ,  29L/min Chemistry Apparatus
1.2 um Mylar window 10 m capillary t, Cley: gg S
1.2 bar He, 10 mm depth 2mmi.d. ys = 50%
22Ne + %44Pu =» 5n + 68-s %%12Rf
_ = 261aRf / 257N o
AlX ]
1600 - 2 no _ a) 7x10+M HF
| B ri € EXAC?]';’:ge € 1) 1x103M HF
o 1200+ 21B; ‘ “ ‘ Resin
C - , , , 7/ events MCI GEL CA08Y
3 800 V8000 8250 8500 ¢ spi5.n €=  5MHNO;
O \ -’
] \ 7
400- ‘\\ Rf Adsorption on AIX
0 ‘ \ e preliminary
- e ' - a) %ads 263 % in 7x10* M HF
4000 6000 8000 10000 b) %ads =73 % in 1x10°% M HF
Energy / keV J. Even et al., GSI Scientific Report 2008, p. 143
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TASISpec — TAsca Small Image mode Spectroscopy

A new nuclear spectroscopy set-up - exploiting the SIM (< 3 cm spot) -
vy-, v-CE-, CE-CE-, yy-CE-multi-coincidence capabilities
=2 Unprecedented, highly efficient coincidence measurements

E 7

TASISpec

TASISpec
6 X 6 cm? :
psssp S peere
+ 4 SSSD

" detector box
. w/ 80% effic.

Si detectors

L.-L. Andersson, D. Rudolph et al., GSI Scientific Rep. 2008, p. 142
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TASISE ec TAsca Small Imae mode Sectrosco

4 SSSD#'DSSSD A e, '
deteCtor box { - - - Y-, X-ray Efficiency
- ‘ s ¥ £ (estim.)

4 Qe 40% at 250 keV

’ 50% at 100 keV

L.-L. AnderSSth Rudolph et al.,
GSI Scientific Rep ort 2008, p. 142
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TASCA — The Science Phase

The performance of TASCA -
as anticipated, well understood and under control
- very versatile
- world best efficiency
er e e very promising future

!

Scientific program of TASCA
In the Superheavy Element region
started successfully
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Many THANKS to everybody

in the TASCA collaboration

& - f .

“Thank you for

| -
your attention !
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TASCA — Design Studies: TRANSPORT Calculations

Model reaction for design studies:

*48Ca (238.8 MeV) + 238U (0.5 mg/cm?) -> 286112* -> 283112 + 3n

e 54 % of 283112 will appear within +40 mrad
(simulation: K.E.Gregorich, LBL)

Input parameters:

e Horizontal and vertical beam size: + 2.5 mm
e Horizontal and vertical beam inclination: + 40 mrad

 Momentum dispersion: £ 5% (92% of all 283112)
e Magnetic rigidity: 2.24 T*m

TRANSPORT calculation by A. Semchenkov
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TASCA - The Preparation Phase

— "Vacuum" separator — Gas-filled separator
Nils Bohr (1948) g = vZ13

K.E. Gregorich (2003):
q=0.52*(v/vy)t2*z13

primary beam

q, +/-Aq

Bp=mv/q Bp=mv/q,,.

[ ]
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Comparison of Gas-filled Separators in SHE Research

Measured / Estimated / Calculated Transmissions for:
48Ca + 238U/24Pu = 112/114

Separator DGFRS | GARIS BGS | TASCA | TASCA
Configuration DQLQ, | DQ,QLD | Q,DD | DQ,Q, |DQ,Qy,
Transmission / % 35& 40* 49-59 608 358
Dispersion / mm/% 7.5 9.7 20 O 1
Length / m 4.0 5.8 4.7 3.5 3.5
Bend. angle / deg 23 45+10 70 30 30
BPmax/ TM 3.1 2.16 2.5 2.4 2.4
Solid angle / msr 8.8 12.2 45 13.1 4.3
oriv.omm_k Moritapriv. somm 200 ygjoms target
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TASCA — The Commissioning Phase

Preliminary 48Ca + 208pPh = 254No + 2n
on-line analysis T013f002  T018f013
Beam intergral 3.27 E15 5.23 E15
Target thickness 429 468 pug/cm?
Number of 2°4No 1786 2475
Transmission (cal.) 59 % 47 %

] sigma=21.2 Commissioning
] experiment
14
0.6—-
5] sigma=23.4
047 Element 144

o
w
I 1

experiment preparation /
final performance check

o o
= N
1 I 1 I 1

Courtesy
J. Khuyagbaatar

-70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70

Counting rate / (Integral*target thickness) / 1032 part

Horizontal / mm

5 TASCA @i= == M DARMSTADT (LG M. Schadel, Seminar KC Mainz, 20.07.09




Transactinide Chemistry — New Approach

Preseparation w/ Gas-filled Recoil Separator

REC SHE
SEP @ CHEM

Berkeley Gas-filled Separator

New devices:
GARIS o [@
GAs-filled Recoil lon Separator

DGFRSe &  JASCA¢ ==x
| TransActinide Separator and Courtesy

Dubna Gas-Filled Recoil Separator Chemistry Apparatus Ch. E. Dillmann




TASCA Commissioning Experiments: First Transactinide

116 MeV 22Ne + 24Pu =» 5n + 78-s 261aRf [ 2.7-s 261bRf

RTC He-KCl jet - ROhMIAO |-
2 . otatlng wnee n-line
(14OX4O) mm — 3.45 L/_mm ==l \ultidetector Analyzer
1.2 pm Mylar window 4 m capillary a)t,. =35 s
1.2 bar He, 10 mm depth 2mmi.d. - tstez =25s

= ‘—j

. |11 SF: 261bRf
Tip=(2.2 459s

Counts

sto h E. Dillmann : o

A Gorshkov et al., GSI SCI Rep. 2008 p 140
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TASCA Commissioning Experiments: First Transactinide

109 MeV 22Ne + 244Pu = 4n + 262Rf PSSD - FPD
15 EVR-SFin PSSD a  E=109 MeV
position-time-correlations 7_ a
Ecyr= 7.5t5 MeV; At =4 ms _
= in agreement w/ 2-components 6 244MA

a) Ty G4MAM) = 76 S ' 12 events
b) T, **mAm) = 0.9 ms ]
10 EVR-SF in PSSD @ % PAm
position-time-correlations 5 3] 3 events
0.8 < Egyg < 3.5 MeV, E¢. > 80 MeV 8 _
=>» T, (correlat. time) = 190 _,.*8° ms 2 -
T4, (Literature) =47 ms and 2.1 s
in contradiction 1-
0t : - = -

T b |
1IE8 001 0.1
A. Gorshkov et al., GSI Sci. Rep. 2008, p. 140,

(revised) CHE7 Workshop Mainz, 2009 m | E:i!_—_"%].
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~

262Rf - New Decay Information
1 No Isomer - T,,(SF) = 210 ;*12 ms

Ds 269

DS 179ms
— AD Mt 266 Mt 268
Mt PRELIMINARY 1.7ms 42ms

Ds 270
0.10ms| 56ms

149 151 152 153 155 157 159

Rg 272
3.8ms

Ds 271

Rg 274
15ms
Ds 273
0.1ms

Hs 269 | Hs 270 JHs 271
9.7s | 23s 4

Bh 270|Bh 271|Bh 272
61s -

Mt 270
0.57s

0.45s

161 162 163 165
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TASCA Commissioning Experiments: First Transactinide
= 2.5-s 2610Rf — SF properties re-assigned (PRELIMINARY!)

N Z Cf Es Fm Md No Lr Rf [Z = 104) Z Fm Md No I Lr IHt{Z- 'lo'“I N
L 1 1 T N ¥ L) ¥ | T T T T i LI _ L) I i L T T T L T [ T I
146 [ X X C C fetr ; ] iatri i
i : AA - | mass distribution _ A TKE distribution
sl ; : - i F i
C B " C - X - ' \mm 150
150 [ - - C C . B ]

152

- l il )
AL A
“AAAA AA

il

L [T

T 2 i
L

A AR
B TUUNE R - A
IR U dRA “

1 1 | L 1 1 1 1 1 [} 1 [} 1 1 I 1 I [
110 150 110 150 110 150 110 150 110 150 110 150 110 50 \]. Laneetal. 20 200 200 220 | ze0 20 200 250 290 250

A of Fragments PRC 53 (1996) 2893 TKE (MeV)

157

158 |

Relative Intensity (log, scale)

EI||| LA I |
rrr[rrrerrrrr[rrr

Yield (%)

R

N o o b

159 |
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TASCA — Nuclear Reactions + Parameters Studied

| GEMEINSCHAFT

Product xn Project. Target HTM SIM Target Gas Gas | Det/Electr| RTC ROMA Chem
Dip/Quad Dip/Quad thick press
Os-173,175 7n Ar-40 Ce-nat X He X AC
Hg-180-183 | 6n  Ar-40 Sm-144 X X X He X G,M X GC
Pb-188 4n Ca-48 Sm-144 X X X He G,M
Pb-188 4n  Ar-40  Gd-152 X X He G
Pb-194-196 | 4-5n___Ar-40 ___ Gd-nat X X X He G X
Bi-198m,199 | 4-5n Ne-22 Ta-181| X X He X GlCATCH
P0-195,196 | 4-5n Ca-48 Gd-152 X He G X X
At-200 3n  Ni-64 La-139 He TASIS
Fr-205-206 | 5-6n Si-30  Ta-181 X X He, VAC X G,M
Fr-200 5n  Ni-64  Pr-141 He TASIS
Ra-208-211 3-4n Cr-54 Gd-nat X X He X G
Ra-208-211 | 3-6n Ni-64  Nd-150 [Tasispec] He TASIS
Ac-210 5n Ar-40 Lu-nat X X He,N2,mix X G,M
Ac-215 4an  Ne-22  Au-197 X X X  HeH2,mix x G
Fm-245 3n  Ar-40  Pb-208 X X He X G X X
No-252 2n  Ca-48  Pb-206 x  x[Asispec] He x | GTASIS | x X
No-253 2n  Ca-48  Pb-207 X He G,M,TASIS
No-254 2n Ca-48 Pb-208 X X HeH2,mix  x G
No-255 5n Ne-22 U-238 X X He,H2,mix X G,M X X
No-256 4n  Ne-22  U-238 X He
Rf-260 6n Ne-22  Pu-24 X He,H2,mix G,M
Rf-261 5n Ne-22 Pu-24 X He X X AC
Rf-262 4n  Ne-22 Pu-24 X He,H2,mix G,M
Background no Ca-48 Pu-244 X [TASISpecl] He,H2mix x  G,M,TASIS
O
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