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Superheavy Elements — Current status

740 N >

T June 26, 2012:
- Z=114: Flerovium (FI)
+ Z=116: Livermorium (Lv)
officially accepted
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Mic-Mac (A. Sobiczewski)

RMF (Zhang)
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Unique Combination for SHE Studies

I Today’s talks by F.P. Hessberger
# und M. Block

Y :
4 P |

ECR(PIG) +

UNILAC Stable

targets

P\ A

Actinide
targets

Chemical

/ Chemistr
s GUTENBERG y theo ry

UNIVERSITAT Mainz
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rans ctinide eparator and hemistry pparatus

- 3 Separator for Actinide Based Reactions
Classical gas-filled
DQ,Q,-configuration, length 3.5 m
maximized transmission
Calculated efficiency for 5°Ti + 24°Cf - (60+6)%
@ 500 pg/cm? target thickness

Rotating
Target Wheel

EVR Trajectory

Sifocal plane
detector box
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Timeline
goals defined

community formed
decision: gas-filled separator

start building TASCA

first beam 1n cave
TASCA commissioning completed

First experiments with transactinides

Decay properties and chemistry of Fl
(Z=114)

Search for E120 in >°Ti+?*Cf reaction
Search for E119 in °Ti+2*’Bk reaction
Synthesis of E117

Spectroscopy of E115

16th ASRC International Workshop “Nuclear Fission and Structure of A.Yakushev ,Superheavy o5
Exofic Nuclei” Element Research at TASCA®




Synthesis of superheavy elements

Projectile Target
7OZn + 208Pb/2098i

Many orders of
magnitude!

1 pb: ~1-2 Events per Week
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How to synthesize elements 119 and 120?

Fusion prob.
N I =

30T 249B k

0T + 249Bk and °OTi + 249Cf
are most promising reactions for
synthesis of elements beyond Z=118:

asymmetric and rather cold




Search for new SHE: Challenges

Target
Target wheel
for high intensity beam

Exotic highly radioactive
target material

Rotating

Target Wheel Beam

Reliable

50T| beam
of high intensity

Sifocal plane
detector box

Separator
Improvment of background

Fast “dead-time-free” suppression
digital electronics
for fast decays
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Gas “

stripper” | 1 50712+

\\ 80 uA
to UNILAC

1 ppA

v

On target
L L i

Beam current

24 25 26 27 28 29
September 2011

30

16th ASRC International Workshop “Nuclear Fission and Structure of

A.Yakushev ,Superheavy o2
Exotic Nuclei” Element Research at TASCA*



Irradiation of Am/Cm-targets
in the HFIR @ ORNL

D orma &t HFIR: 2.5 x 10> neutrons/cm?2-s

— Targets remain in the reactor for
approximately 18 months

— 31 target positions (10-13 targets
typically irradiated)

— Produces per target
(smaller quantities of |, Es, Fm)

— Chemical processing of irradiated
targets and separation of Bk

OAK

RIDGE

National Laboratory
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Making actinide targets

Used for E120 and E119
@ Beam Spot: 8 mm

No destructive
e~ changes after
4 e | - N >4-1019 50T] ions E. Jager et al., ). Radioanal. Nucl. Chem.; 2013
& 5" M‘”) S J. Runke et al. J. Radioanal. Nucl. Chem.; 2013
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Background reduction in

Improvement compared to 2009:

: TASCA Bp =2.17 T*m ] ]
40 | so 10 d : Event rate in FPD
30 g Transfer rxn products 1 _
E D 120 EVRS, eff=0.60 ; @ Bp=2.28 Tm
2 '; 2009 2011
5 10 - 312 pnA *Ca 750 pnA 5Ti
: 0 - _ 438 pg/cm? 244pPu ~500 ng/cm? 249Cf
-10 _ _ Rate: 1230 Hz Rate: 300 Hz
20k . L
e 2 ,Sh,ts 3| perl00pnA /0.5 mg/cm? | per 100 pnA /0.5 mg/cm?
-100 -50 0 50 100 150 200 250 300 350

J.M. Gates, 2010

450 Hz 40 Hz
z (cm)

Background reduction by factor 210

Efficiency loss for EVRs minimal, as confirmed in 48Ca+2%8Pb

16th ASRC International Workshop “Nuclear Fission and Structure of A.Yakushev ,Superheavy ®15

Exotic Nuclei”

Element Research at TASCA*



295120296120

(VAN 120 40ps 7ps

E119 and E120:
Decay scenarios 18

291118292118

0.5ms 0.3ms
287116288116

50T} 4.249 one s
TI+ Cf 116 11 0.4ms 2ms

87119pP88115P89115290115
ST} +249B
283114284114 286114287114288114289114

114 0.3ms 0.5ms 0.5s 0.8s 2.7s

Very long decay chains
—=l|dentification of chains is easy
—E —Direct connection to ,,known land*
e —— P .BUT E120 is very short-lived!

N > ms 42 ms 455 19.7ms§j0.73 s

______ 269Hs 127045 1271Hs B2 1o
1

10s |~23s| ~4s 0.1s

264Bh 265Bh 266Bh 270Bh
1s 1s -~1s .
263Sg 2653 .
. 1s . 16 s
261Dh 262Dh 263Dk
2s 34s

261Rf 016
68 s

176

272Bh
166
9.8s




A nhew ombined alog/ gital ( )
DAQ system for ps-isotopes

Analog path
Stop detector, p-side: 144 strips

Dead-time free!

Decays with lifetimes down to about

100 ns can be determined

\;\ _— =

Eback '

——

48 strips

Sampling 60 MHz

<
LA @ @ . 1ch=17ns
500 1000 1500 2000 2500 3000

Time / channel

w ]46th ASRC International Workshop “Nuclear Fission and Structure of
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2011: The >°Ti + 249°5Cf run to search for E120

Setup / Calibrate
50Ti+l76Yb

Mount Cf target
Broken water
pipe WX -> GSI
UNILAC down
50Tj+249Cf

August September October
Setup / Test / Calibrate 7 days

UNILAC operational for Cf ~39 days
(Beam on target, data taking ~35 days)

Beam dose; About 9.22-108: about 7 TB of data
Cross section limit for the one event observation 200 fb!




2012: Search for element 119

Status of element 119 search:
beam dose: =3.6-10" particles
~40 TB of data (analysis is ongoing)
Sensitivity ~70 tb for one event

Current status of data analysis yields
no evidence for detection of element 119

OTi+29Bk=Element 119

A. TUKU vV ,,oUPC ovv
Element Research at TASCA*

¢ Exotic Nuclei”



Cross Sections

2011:
Z=120
50T + 249Cf

39d
<200 fb

Projectile Target
YOZn + 208Pb/2098i

2012:
Z=119
50T + 249Bk
4 month

<70 fb
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2012: Element 119 search / Element 117

>0Ti beam 750 nA, and 24°Bk targets with initial thickness =0.44 mg/cm?.

| i s o o o s gf@®Sen nm o

‘ , June

ol mmmmm |
July August September

o
I m B D;eqlll I I I I

September October November

48Ca+249Bk = Element 117 ITi+29B8k = Element 119
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Chain #1
X=103, Y=41
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Chain 1

ER

294
11 4
290

113

286

254 MeV-run | anti-MWPC
X=103, Y=41 0.0 5.8 11.6 days Beam of f
6.9 200000 ; '
__100000-
11.07(4) 3
2 12000 _
55.9 ms > 11000 ry X Wl
< 100004 a
10.31(4) 0 gy4q1] 4 )
2.98 s 8000- LU '™ 1% - Th
9.3(3)* 0 500000 1000000
Time (S)
5.96s 1.6 1.7 1.9 2.0 2.1 2.2 days 2.3
200000 T T T T T T T T
8.86(3) _ 1000001 @
172s E 120007
g | " —
9.42(3) E 10000. H
6.79 s L _ T
8.84(3) 80009/, w1 @ — | B
140000 150000 160000 170000 180000 190000 200000
45.1s Time (s)

7.89(3)
1.3 h

135+7
3.8h

One fission event only in this pixel
Random Probability for ER-a-a-a-o-o-0-SF
Ea=(7.8-12.0) MeV with same At’s of chain <3-101/
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117
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113
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274
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10.81

112 ms$ 117 101 ms

9.95

4 chains observed at DGFRS
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0.023 3 115 03s
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28.3s

9.00
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9.55
11s
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219
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9.18
145 s

9.406

Mt 2.17 s
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10.97

117/ 3.99 ms

9.77

1 15 0.697 s

9.75
3.7s

9.04
29.2s

9.38
7.2s

8.69
55.7s

196
23 h

294

290

286
113

282
Rg

278
Mt

274

Bh
By

11 7/ Missing

10.23

1 15 0.389s

9.65
36.5s

9.00
167 s

missing

8.73
39.1s

221.7
1.1h

290 10.31 290 10.2
112.985 110.665
286 |93 286 |4.64
113595 1132355
282 |8.86 282 |9.05
Rg|172s Rg|373s
278 19.42 278 |9.47
Mtle79s | Mi3s3s
274 |8.84 274 188
Bhlasis | Bhlai3s
270 ]17.89 270 ]17.90
Dhl13h DHh 16h




4 chains observed at DGFRS 2 chains observed at TASCA

294 |10.81 |794 |[10.96 [7294 ]10.97 [294 294 |11.07 [59z ]11.02
117112ms 117101 ms | 1173.99ms| 17 7 Missing | 11 4359 ms| 11 792.6 ms
290 |°95 [590 ]10.28 [59g 977 [799 1023 [290 |10-31 [9g ]10-2
11500233 11503s 1150697s | 1150389s | 119285 | 114066

286 |9.63 (286 |(9.61 286 [9.75 286 [9.65

113283s111358s | 11337s | 1133655

ND
— 00
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i
0 W
(@))
wn

N9
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=
N B
w O
RS
wn

5
282 |9.00 |282 |[9.18 282 [9.04 [282 |9.00 282 |8.86 282 ]9.05
Rg|o.7as| Rg| 1455 Rg|292s | Rg|167s Rgl|172s | Rg]373s
278 19.55 |278 |9.406 |278 |9.38 |278 |missing |278 |9.42 |278 19.47
Mtliis | Mtaizs | Mt7.2s M Mtle.70s | Mt3sss
274 18.80 |274 |8.79 |274 |869 |274 |873 |274 (884 |274 |88
Bh|7ss | Bhl1oss | Bh|ss7s | Bh|3s1is | Bhlssas | Bhlaiss
r _ 270 |7.89 270 |7.90
a few alpha-like events (7.7-8.2 MeV) D N1sh D N e

219 142 196
33 h 37 h 23 h




10.81

4 chains observed at DGFRS

2 chains observed at TASCA

294 294 1096 [p294 1097 [794 294 |11.07 [7g94 ]11.02
117112ms 117101 ms | 1173.99ms| 17 7 Missing | 11 4359 ms| 11 792.6 ms
290 |°95 [590 ]10.28 [59g 977 [799 1023 [290 |10-31 [9g ]10-2
1150023¢ 115035 11506975 | 1150389 119278 | 1140665
286 |9.63 |286 |9.61 |286 |9.75 |286 |9.65 |286 |93 286 |a.64
113283s|11358s [11337s | 1133655 | 1135065 | 1132355
282 |9.00 |282 |[9.18 282 [9.04 [282 |9.00 282 |8.86 282 ]9.05
Rg|o.7as| Rg| 1455 Rg|292s | Rg|167s Rgl|172s | Rg]373s
278 |9:55 |278 |9.406 |278 |9.38 |278 |missing |2{8 |9-42 |278 9.1512
L S
T,,,(?"°Db)=1h - Longest lived alpha emitter above No(Z= 102)
2] New isotope 2°°Lr 8
1.3s

a few alpha-like events (7.7-8.2 MeV)

219
33 h

142
37 h

196
23 h




2012: Element 115 Spectroscopy

*Ti beam 750 nA, and **Bk targets with initial thickness =0.44 mg/cm®.

| e an e

April ‘ May ‘ June

July ‘ August | September

I wﬁ IIII I

September October November
OTi+2YB k= Element 119 8B 24283 A m=Element 115

8Ca+249Bk=Element 117



Fingerprinting the SHE
- Direct measurement of Z

—%
Mosele PoofCraractristc X ays 5 chances per decay chain to observe

characteristic X-rays

_L|_4

Wppp  2PAm+HCarZ=115

M
C.E. followed by

; characteristic
e Z X-ray emission
8 10 12 14 16 18 20 22 : D

,\/ Frequency (Hz)
1016

Adapted from Moseley's original data (H. G. J. Moseley,
Philos. Mag. (6) 27:703, 1914) 162
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TASISpec

Highly efficient multi—coincidence spectroscopy set—up
for TASCA’s very compact focal plane image

1 Implantation DSSSD (1024 pixels)
4 box—DSSSDs (1024 pixels)

=> ~80% a—detection efficiency

4 Ge Clover (4*4 crystals)
1 Ge Cluster (7 crystals)

=> ~40% 7Y-detection eff. at 150 keV

L-L Andersson et al., NIM A 622, 164 (2010)
L.G. Sarmiento et al., NIM A 667, 26 (2011)

Virtually constructed with GEANT4 simulation package

P’&’d UNIVERSITY OF ﬁHELMHOLTZ

Ry ® s
By #1712 & UNIVERSIDAD
- | ASSOCIATION 324 NACIONAL
LUND W @n x( DE COLOMBIA

L .3:3{.*_“

UNIVERSITY Helmholtz Institute Mainz e ]

JGlu

OAK RIDGE NATIONAL LABORATORY

Jonannes GUTENBERG

UNIVERSITAT Manz



Mo 05/11 Tu 06/11 We 07/11 ThO08/11 Fr 09/11 Sa10/11 Su11/11

beam tuning

18+4 h

Mo 12/11 Tu 13/11 We 14/11 Th 15/11 Fr 16/11 Sa 17/11 Su 18/11

- down 31h
- bot

= o 19h vacuum problem
S X-branch

B 1 40

tune 3h

Mo 19/11 Tu 20/11 We 21/11 Th22/11 Fr 23/11 Sa?24/11 Su 25/11

= S S
< = <
z = 2
o o o
e i e

Beam on target:  415h (82%) ~6:10'8 4Ca 30X *
(tot. o ~10 pb)

Only 64 fission events during beam-off periods
within 3 weeks in 1024 DSSSD pixels
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Spectra of the 22 "3n decay chains”

Hypothesis for level scheme

0
Ti2=0.70(¥)s 276t
Q. = 10.10(1) MeV —

oL
434 2.53(1) MeV

434 {202 362 <
E2| { M1 -13013?22 9.60(1) MeV

vy

&
v

D. Rudolph et al,,

272
Bh PRL 111 (2013) 112502

IMt > Bh | 1x 136; 1x 167; |

1x172; 1x232; 1x 303;
2x 362; 1x434

*| Bh X-rays

K_,: 136 keV

Ky 167 keV
T.A. Carlson et al., NPA 135 (1969) 57

accurate to better than 0.5%

Difference between neighboring Z: 3-4 keV




Summary

TASCA SHE program includes:
synthesis of new elements and isotopes
nuclear reaction studies
nuclear structure studies
chemical properties of SHE

TASCA experiments 2011/12:

» Search for new elements with >°Ti induced reactions
v 289CH(°OTi,xn)2%9*120: one-event TASCA limit is <200 fb
v 289BKk(°YTi,xn)2%9*119: one-event TASCA limit is <70 fb

» Observation of element 117 @ TASCA:
v’ assures proper operation in 119/120 experiments
v confirms DGFRS chains

» First spectroscopy with decay chains starting from E115




Outlook: A Dedicated SHE LINAC

W. Barth et al.
Proc. IPAC 2013

Commissioning: 2015

2) Contruct multicell string
during POF 3 (2015-2019)
Useful for SHE research,
synergies for FAIR!

3) Contruct full linac







On the way to ALBEGA

A detection system for ALpha/BEta/GAmma spectroscopy of
chemically separated samples

Hexacarbonyls:

s/ SY(CO)s
e

Si array ~ 70 X 70 mm? active area,
consiting of:
» ,sandwich“ detector with 2 x 32
single diodes
* thick Si strip detectors
Array cooled to ~ -100 °C
— quantitative adsorption of M(CO),

<y

2 pixelized detectors
for B-particles

\ ‘ Sandwich of 2 pixelized detectors
* 2 Clover Ge detectors 2 clover detectors  for a-decay and SF measurement
for y-rays with the gas channel

A. Di Nitto
A. Yakushev

16th ASRC International Workshop “Nuclear Fission and Structure of A.Yakushev ,Superheavy 039
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ALBEGA

:Alpha detector sandwich

2 BEGe detectors, & 90
€ GEIECE0ES, © ZU B 2 Beta detectors, Imm Si
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94118

118 4 s

93117294417
11 14 ms 78 ms

290116{291116292116293116
1 16 15 ms|18 ms(18 msﬁ'ﬁms
£87115[268115[289115290115
1 15 32 ms|88 ms|0.22 s|16 ms
2 2861 142571142831 142591 14
FI 043s|0.55 |0.8s |2.7s
278113 824312831 132841 13[2861 131286113
113 0.2ms rﬂi ms| 0.1s (0.48s|5.5s | 20s
277Cn Z850n 253Cn [2840n | 235Cn
Cn g 6ms 0.8ms|3.8s [0.1s| 34
A 2T2Rg 2T4Rg 2T8Rg[279Rg [ 280Rg |281Rg |Z2Rg
Rg 1.6ms 6ms 0.17s/0.17s|3.6s | 26s (0.5s
269Ds |270Ds |271Ds 273Ds 279Ds 281Ds
Ds 0.2ms|0.1ms{1.1ms 0.2ms 0.2s5 9.6s
266\t 268[yIt 270/t 2TAMt | 275 Mt | 276 Mt 278t
Mt | 2 ms 12ms 5ms : 0.455|9.7ms 0.73 5 765
264Hs(265Hs |266Hs [267Hs || | 269Hs | 270Hs | 271Hs | 75Hs |
HS 0.5ms| 2 ms | 2 ms |49 ms 10s [~23s|~4 s 0.15s
264Bh|265Bh |266Bh | 267 Bh 270Bh |271Bh|272Bh| o |274Bh|
Bh 1s [ 1s |~1s|15s : 61s | 2 |08s 0.9m
2625¢ | 2635 [2645g)| 2655 [2668g) 267Sg 271sg
S 15ms| 15 [37ms| 165 |0.4s ~1min - 24'm
261Db [262Db | 263D 266Db |267 Db |268Db 270Dp —
Db 2s |¥Ms | 27s 22min{1.2h | 16 h 23h
260Rf | 261Rf | 262Rf | 263Rf 1 267Rf
Rf |54 ms| 655 | 257 | ~8s : 1.3h







