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s — Outline

e Superheavy elements (SHE)

* The TASCA separator sl
* Experiments and main results J -

* Plans for the future




8 —  Periodic table

Superheavy elements: Z > 104

Group # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Period

* Lanthanoids

** Actinoids




Superheavy Elements: Z 2104
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Superheavy Elements
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Superheavy Elements
— =31 Highlights fro

New element searches

I 70 [

l...-'i==..' Ch. E. Dullmann et al., in preparation
e | | | A
b A N | firmed
- / I 3 ements confirme
Illl!g"

J. Khuyagbaatar et al., PRL 112 (2014) 172501
S. Hofmann et al., EPJA 48 (2012) 62

/|

Nuclear structure and X-rays
D. Rudolph et al., PRL 111 (2013) 112502

Chemistry

A. Yakushev et al., Inorg. Chem,

Laser spectroscopy
M. Laatiaoui et al., to be published

Mass measurements

M. Block et al., Nature 463 (2010) 785
E. Minaya Ramirez et al., Science 337 (2012) 1207
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The TASCA Collaboration
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Search for element 120
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Synthesis of superheavy elements

Projectile Target
7OZn + 208Pb/2098i

238 249

g + TU..""Bk

Warm fusion
(“8Ca + actinides)

282Cf: heaviest
target
i8Ca-eraends
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How to synthesize element 1207

289Cf + S0Ti — 299120
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DSSSD State-of-the-Art Stop ‘iDe’te'_ct_"Q_rrAr.ir,ay'

Courtesy of Ch.E. Dullmann



s — Electronics

Analogue electronics + FEBEX digital electronics

Developed at GSI-EE

60 MHz dead-time free
ADC sampling

LTMEOPL
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s — Electronics

Analogue electronics + FEBEX digital electronics

4000 - -

a, FEBEX:
= Can resolve events |  Fastdecays from E120
= separated by ~100 ns. can be measured
£ %1y
S 3000
2 Two fast a decays of ~5 MeV
=2 .
2 cannot be confused with
% e one a decay of ~10 MeV.
o 2000 : ' - ' . L

0 1000 2000 3000 I 4000
time (16.7ns/channel)



Search for element 120 in °°Ti + 249Cf reaction

Projectile Target
7OZn + 208Pb/2098i

238 249

g + TU..""Bk

2011:
Z=120
50T + 249Cf

39d
<200 fb

T
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s — Search for E119

8
117

4

115

Reaction: 39Ti + 4Bk > 229X119 + xn -
.“ 113
249¢f
Production and separation: Target production:
OAK

RIDGE JG|U

National Laboratory




Cross Sections in Hot / Cold / “8Ca Induced Fusion Reactions

Projectile Target
7OZn + 208Pb/2098i

238 249

g + TU..""Bk

50T + 249Bk
<70fb

=
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o o w
= E117 confirmation

115

Reaction: 48Ca + 232Bk > 297%117 + xn o

113




Physics

spotli .
potlighting exceptional research

APS 1 -
op Ten Physics News Stories in 2014

physics

Element 117
among Top Ten Physics News Stories in 2014

Ev
Neev?; ysetar,.APS selects Top Ten Physics
ories, which recei
| . ived lar
p'ubll-c attention. The 2014 list incl e
highlights like neudes

intergalactic neutrinos from IceCube
*Rosetta/Philae comet mission ’
bl i

ue LEDs (physics nobel prize 2014)

*our Element 117

Courtesy of Ch.E. Diilllmann

Synopsis: Element Z=117 Confirmed

48, 249
‘Ca+249Bk Fusion
. Reaction Lead
Gl ing to Element 2=117: Long-Lived a-Decaying 27
ys. Rev. Lett. 112, 172501 (2014) ying 270Db and Discovery of 266Lr
Published May 1, 2014
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€8 — E114 & E113 Chemistry

RTC window ~.
Reduced-depth

Recoil Transfer 77 7

Chamber (RTC)

2x 32 PIN Diodes (registering o and SF) 2x 32 Au covered PIN Diodes
First 16: SiO, covered. Second 16: Au covered (registering o and SF)

COMPACT | COMPACT Ii
(IC SiO2 & IC Au) (TC Au)

Courtesy of Ch.E. Diillmann
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€8 — E114 & E113 Chemistry
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€8 — E114 & E113 Chemistry

50
Experimental % i
Chromatogram . *° Rnl° o
aram =1 Pb H <
o 20 g fs0 @
g Cn |
D 15 - 5 =
o --100 55
g 10 g_
2 s R
............. RN EEEEIEET IR EN e S an s e sai SRR |
: - - -200
Detector surface 8i°2 Gold Gold
Temperature Room temperature (IC) | Room temperziure (IC) | Temperature gradien:
o -160°C

Results from first E114 exp:

A. Yakushev et al., Inorg.

Chem. 53, 1624 (2014) Stay tuned!

... and subsequent exp:
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8 —  E115 Fingerprinting

48Ca-induced reactions give chains that

end by spontaneousfission
Yu.Ts.Oganessian, J. Phys.G34, R165 (2007) etc.

120 J—Jr ' .“\
i fFriig ]
Superheavy [T"“Hﬁ/ 5
elements, — 4 Z
22104 108
|4
e ! B 184 |a
100 mEAEE aiiiin
| BEY Y
e ®? " Courtesy of Ch. E. Diillmann

Need direct measurement of atomic numbers!



8 —— E115 Fingerprinting

Look for characteristic X-rays emitted in
coincidence with a decays!

a
100-500keV K&

Y-rays or
i internal conversions —> X-]_‘ays

Energy depends on
proton number!




TAS][Spec

ctovs

TASCA

133Bg and "2 Eu sources |
. ~44%

normalized by in—beam .
o—y coincidences

CLUSTER

SHE L X-rays
SHE K X-rays
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100 200 300 400 500 600 700 800 900 1000

Gamma-ray energy (keV)

O

1 Implantation DSSSD (1024 pixels) ‘

4 box-DSSSDs (1024 pixels)

=> ~80% o-detection efficiency | 4 &€ Clover (474 crystals)

1 Ge Cluster (7 crystals)
L-L. Andersson et al., NIM A622, 164 (2010) |=> ~40% 7Y—detection eff. at 150 keV
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= 30 chains detected in 18 days

1 22 7 short

287115 288915 289115

¥ 10.64(5) MeV 10.42(1) MeV 10.34(1) MeV
E 23yq3 | 00676 oagyg| 0437 25003 146
10.23(1) MeV 9.96(1) MeV 9.89(1) MeV

0.965 s

279pg 0.0684 s 0.0262 s

280Rg

1.33(1) MeV 9.75(1) MeV 220 MeV
0.0161 s 276\t 114s 0432 s

9.87(1) MeV E

275Mt

?
?

10.33(1) MeV

2718}, 0.0513 s 272g}, 1.69s E
8.76(5) MeV 9.07(1) MeV
2.60s 4.05s
‘ = detected in beam off period
191 MeV 161 MeV

30.6 min 1344 h
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= 30 chains detected in 18 days

1 22 7 short

287115 288115 289115

¥ 10.64(5) MeV 10.42(1) MeV 10.34(1) MeV
E 283113 0.0676 S 284113 0-437 S 285113 1-46 S
10.23(1) MeV 9.96(1) MeV 9.89(1) MeV

0.965 s

279pg 0.0684 s 0.0262 s

280Rg

1.33(1) MeV 9.75(1) MeV 220 MeV
0.0161 s 276\t 114 s 0432 s

9.87(1) MeV E

275Mt

?
?

10.33(1) MeV

271g, 0.0513 s 272g), 1.69s E
8.76(5) MeV 9.07(1) MeV
2.60s 4.05s
o, ‘ = detected in beam off period
o)
191 MeV % ,')’,o( 161 MeV
30.6 min P, %, 1344 h
7, A,
%o %
o)

C‘Q& %
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Potential X-rays

o,
& 10.29(1) MeV
284113 0.366 s
o, [

< 9.24(1) MeV

280 .
280Rg 0.935s

05

&« 9.77(1) MeV
- 276\t 11.1s
0.825(3) MeV (escape)
o, [¥°"  °°"° Photons: 136(1), 167(1) keV
9.06(1) MeV K, KB Bh (Z=107)
165Db 15.3s T.A. Carlson et al., Nucl. Phys. A 135, 57 (1969)

Accurate to 0.5%
FISSION, 197 MeV, _ ] ]
17.4 hours, 4y Difference between neighbouring Z: 3-4 keV




. among the Top Ten APS Physics Newsmakers of 2013!
PHYSICAL REVIEW LETTERS 111 112502 (2013)
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element 115 bob lazar Upload

Q Upload

15
=~
N
LTI
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A e Q Upload

The summer of Bob Lazar - Spacing Out! Ep 58

The Answer to Call of Duty Zombies - Element 115 + Orgone = Aet. ..

Let's Play Tomb Raider Ill - Part 42 - Element 115



— . . w
= 30 chains detected in 18 days

1 22 7 short

287115 288915 289115

¥ 10.64(5) MeV 10.42(1) MeV 10.34(1) MeV
E 283113 0.0676 s 284113 0.437 s 285113 1.46 s
10.23(1) MeV 9.96(1) MeV 9.89(1) MeV
279Rg 0.0684 s 280p 0.965 s 0.0262 s
1.33(1) MeV 9.75(1) MeV 220 MeV E ?
°
275\t 0.0161 s 276\t 114s 0.432 s
10.33(1) MeV 9.87(1) MeV E °
271, 0.0513 s 272}, 1.69s E
8.76(5) MeV 9.07(1) MeV
2.60s 4.05s
o, ‘ = detected in beam off period
o)
191 MeV % ,"’,o( 161 MeV
30.6 min P, %, 1344 h
or L,
%, %o
P~ 4



TASCA

Dubna

BGS

No. E; (MeV)  Ey (MeV) E3z (MeV)
Atl (S) Atg (S) Atg (S)
T1 10.51(1) 242
0227 0.378
T2 1..45(1)" 211
0.0645 0.366
T3 10.54(4)° 9.95(5)¢ 196
0.261 1.15 0.343
T4 10.34(1) 9.89(1) 218~
1.46 0.0262 0.432
T5 10.49(4)¢  9.97(1) 135
0.345 0.369 14.4
T6 10.53(1)  9.89(5)¢ 230°
0.210 1.05 8.27
T7 0.541(3)> 8.12(1)" 230
0.815 2.33 2.89
D1 10.377(62) 9.886(62)  215.7
0.2562 1.4027 1.9775
D2  10.540(123)¢ 9.916(72)  214.9°
0.0661 1.5500 2.3638
D3 10.373(50)  9.579(50) 141.1
2.3507 22.5829 60.1855
D4 10.292(170)¢ 10.178(55)  182.2¢
0.0536 0.4671 0.0908
B1 10.49(5) 9.82(2) 107
0.214 1.54 7.57
B2 10.49(2) 187
0.0591 0.824
B3 10.22(2) 128
0.0455 0.0142

E3,t3

10 x

115

113

E21t2

E2,t2

U. Forsberget al., NPA (2016)

Elltl

115

El,tl




TASCA

Dubna

BGS

No. E; (MeV)  Ey (MeV) E3z (MeV)
Atl (S) Atg (S) Atg (S)
T1 10.51(1) 242
0.227 0.378
T2 1..45(1)" 211
0.0645 0.366
T3 10.54(4)° 9.95(5)¢ 196
0.261 1.15 0.343
T4 10.34(1) 9.89(1) 218~
1.46 0.0262 0.432
T5 10.49(4)¢  9.97(1) 135
0.345 0.369 14.4
T6 10.53(1)  9.89(5)¢ 230°
0.210 1.05 8.27
T7 0.541(3)°  3.12(1)° 230
0.815 2.33 2.89
D1 10.377(62) 9.886(62)  215.7
0.2562 1.4027 1.9775
D2  10.540(123)¢ 9.916(72)  214.9°
0.0661 1.5500 2.3638
D3 10.373(50)  9.579(50) 141.1
2.3507 22.5829 60.1855
D4 10.292(170)¢ 10.178(55)  182.2¢
0.0536 0.4671 0.0908
B1 10.49(5) 9.82(2) 107
0.214 1.54 7.57
B2 10.49(2) 187
0.0591 0.824
B3 10.22(2) 128
0.0455 0.0142

10 x

113

E21t2

E3,t3
4 x

E21t2

NOT a set of chains
following the same decay
path! (<1% error risk)

115

Elltl

115

Elltl




”Cross bombardment”’;
same isotope seen in
different reactions

14 x

285113

1.7(8) s

7(3)s

289115

0.32(}?)s

18(4) s

E115-E117

285113

2.7(%2) s

-

16 )4 293117

289115

0.25(1)

NOT a set of chains following the

same decay path! (<<1% error risk)
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IUPAC Technical Report

Paul J. Karol>*, Robert C. Barber, Bradley M. Sherrill, Emanuele Vardaci
and Toshimitsu Yamazaki

Discovery of the elements with atomic
numbers Z = 113, 115 and 117
(IUPAC Technical Report)

DOI 10.1515/pac-2015-0502
Received December 14, 2015; accepted December 22, 2015

Abstract: The fourth IUPAC/IUPAP Joint Working Party (JWP) on the priority of claims to the discovery of new
elements 113, 115, 117 and 118 has reviewed the relevant literature pertaining to several claims. In accordance
with the Criteria for the discovery of elements previously established by the 1991 [UPAC/IUPAP Transfermium
Working Group (TWG), and reinforced in subsequent IUPAC/IUPAP JWP discussions, it was determined that
the RIKEN collaboration has fulfilled those Criteria for element Z = 113. The Dubna-Livermore—0Oak Ridge
collaborations claims for 115 and 117 are also in compliance. The discussion of element Z = 118 will appear in
a subsequent report. A synopsis of experiments and related efforts is presented along with some commentary
guiding future applications of the Criteria.



Names and Symbols of the Elements with Atomic Numbers 113, 115, 117 and 118
Provisional Recommendations

Abstract: A joint IUPAC/IUPAP Working Party (JWP) has confirmed the discovery of
the elements with atomic numbers 113, 115, 117 and 118. In accord with IUPAC
procedures, the discoverers proposed names as follows:

* Nihonium and symbol Nh, for the element with Z =113,

* Moscovium with the symbol Mc, for the element with Z = 115,

* Tennessine with the symbol Ts, for the element with Z =117, and
* Oganesson with the symbol Og, for the element with Z = 118.

After careful checking the Inorganic Chemistry Division recommends these
proposals for acceptance and they were adopted by IUPAC by the Bureau on (date
fo be inserted, after the 5 months public review) as delegated to act by the IUPAC

Council meeting on 12-13 August 2015. Open for public review

until November 8 2016
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‘ ———  Future

Since UNILAC is not suited for simultaneous
acceleration of beams for SIS100 and SHE research...



-/"-M

New dedicated sc cw LINAC is planned!

Future

Energy: 3.5-7.5 MeV/u

Uncertainty: <3 keV/u
Duty cycle: 100%
Length: 13.5 m
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Step 1: Build demonstrator unit

Future

W. Barth et al.
Proc. IPAC 2013
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Future

Nov. 19, 2015: Delivery of cryostat to GSI




Future




‘ ———  Future —

Superheavy element research:
* new elements

* nuclear spectroscopy
* laser spectroscopy

e X-ray fingerprinting
 chemistry

* mass measurements







