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Superheavy Elements — Current Status
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Superheavy Elements — Current Status
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The TASCA Collaboration [0 §ol|f i
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Synthesis, separation and identification of SHE

Beam (*8Ca, °UTi) TA sc A

TransActinide Separator
and Chemistry Apparatus

wmwm Particle Detector (a; e7; SF)
Photon Detector (y; X)

Detection of decay chain
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2012: The TASCA Element 119 Collaboration
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2012: Element 119 search / Element 117

OTi beam 750 nA, and #*°Bk targets with initial thickness =0.44 mg/cm?.
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2012: Search for element 119

S0Ti+299Bk=Element 119

Status of element 119 search:
« beam dose: =3.6:10!° particles
« =40 TB of data (analysis is ongoing)

« Sensitivity =70 fb for one event (preliminary)

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




3n exit channel
4n exit channel
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S0Ti+249Cf Excitation Function
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First element 117 decay chain from

EVR:7.0 MeV
_ 117-294 117-294
Average decay properties 50 ms 55.9 ms
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Cross Sections for SHE Synthesis
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The SHIPTRAP collaboration
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Importance of Masses for Z > 100
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Velocity separator SHIP

SHIP

Separation time: 1-2pus
Transmission: 20 -50 %
Background: 10 — 50 Hz
Det. E. resolution: 18 — 25 keV y -
Det. Pos. resolution: 150 pym | PG sy
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SHIPTRAP Setup
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Direct mass measurements above uranium bridge the

gap to the island of stability

M. Block’, D. Ackermann', K. Blaum?, C. Droese’, M. Dworschak’, S. Eliseev?, T. Fleckenstein®, E. Haettner,
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Yu. N. Novikov'®¥, W. R. Plaft"*, A. Popeko®, S. Rahaman'“t, D. Rodriguez'!, C. Scheidenberger'*, L. Schweikhard®,

P. G. Thirolf'?, G. K. Vorobyev' & C. Weber'%f
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Probing the Strength of Shell Effects @ N =152
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TRIGA-SPEC Setup in Mainz
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Probing the Evolution of Shell Effects @ N =152

(MEtrica-trap - MEangzo12) keV
M

-4} w(:x
{Ref "C,)
-6t
-8} —e—  TRIGA-TRAP
- AME2012 uncertainty

110

105

100

95

85} |

Influence on AME

relative error
change

1.7
10

2 o
' ¥ -
HAm L.
— Slfelalsl [ttt
[ YEEEED
- — -
I a_ [ 1 [s]
o

:l‘lc'

:IZIII!II
] OREe )
IDCEEDOCONROS!
] EE D00 I
MENDODONE.

I ECE -
l:lnrnu 1Py
u 243
T Am

130

140 150 160 170

Accurate mass measurements with keV precision on long-lived actinides

can be performed to provide anchor points and cross check masses
obtaiend by other techniques

PhD M.Eibach

ﬁ HELMHOLTZ

| ASSOCIATION



SHIPTRAP Results on Nuclear Structure

Direct Mapping of Nuclear Shell
Effects in the Heaviest Elements
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Playground for Nuclear Structure

Investigations in the Transfermium Region
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Decay schemes of odd-mass Md-isotopes

(simplified)
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Masses of odd-A N-Z = 51 Nuclei

Symbiosis of Mass Measurements and Spectroscopy
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Masses of even-even N-Z = 48 and N -Z = 50 Nuclei
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Development of 2n-Separation energies towards

deformed neutron shellat N = 162
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The TASISpec / E115 Collaboration
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X-ray Fingerprinting of an Element

Moseley’s Law, 1913 Highest WWHNTEBW

H:gh Frequency Speclra of the E lement

K-conversion ~200 keV
coefficients! VA
0 keV n decays
Square Root of Frequency x10 3 257 Rf a_decay
N - 2 8-10 MeV
E(Ka) f(Ka) (2'1 )
H.G.]. Moseley, Phil. Mag. 26, 1024 (1913) y-decay ~ 200 keV
X-ray energies predicted down to or l
0.1 keV precision for superheavy i |
elements (QED!) Interna- 0 keV
conversion 253N o

R. Bemis et al., PRL31, 647 (1973)
(observed 15 a-photon events)
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X-ray Fingerprinting of Element 115

- long odd-mass or Hiohest WHNTEB
odd-odd decay chains || Iighest 2 :
- reasonable production -cc;irrllv?rs;o'n ~200 keV
cross section coelticients: M1
Z- id;qﬁiﬁcaﬁio_n along 0 keV/ i decays
chains N Lidaithin, saeauis el
(sequence of 5 a decays) X115 a-decay
8-10 MeV
2009: 12 weeks of beamtime y-decay ~ 200 keV
requested or l
2010: 8 weeks PAC approved internal 0 keV
and granted conversion 28Y112
2012: 3 weeks scheduled in the Rutherfordium spirit of
R. Bemis et al., PRL31, 647 (1973)

(observed 15 a-photon events)

ourtesy D. Rudolp s



TASISpec

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

EF XA <& T

1 Implantation DSSSD (1024 pixels) | |Gl SelEl L
4 box-DSSSDs (1024 pixels) L
=> ~80% o—detection efficiency k-

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)
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TASISpec — in Virtual GEANT4 Space

Self-consistent cross check of the
experimental findings with as many
virtual element 115 decay chains as
one likes!

“Input level”: down to pixel-by-pixel

dead-layer thicknesses ... 4"--_,""*-_,TASISpec
“Output level™ takes care of summing of *_Lund University
a, CE, and Auger energies ... | \ D@ Sarmiento
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Some Experimental Numbers

Date & place: November 2012, 3 weeks, TASCA, I == n

Beam: 48Ca  pulsed (5 ms on, 15 ms off)

time averaged 1 particle pA (6-1012/s)
Target: 243Am
... material from

@
$a® 7/

production at J G‘U

Beam ¢ 30 correlated decay chains of ,rlgs
element 115 in 3 weeks of beamtime!

TASC/ O, ~¥ 10 pb

Transm  only 64 beam-off fission events in 3 weeks

Trigger spread over 1024 DSSSD pixels.

Beam s

/
7 reon:, I S I
ourtesy D. Rudolp s




Results — 287115 (4n-channel)

1 chain (out of 30) of ours is compatible with the
2 chains (out of 37) associated with the 4n channel 287115

no a-photon coincidences

2711Bh

9.27(7)
2.60

> 7 yrays
0.51h

275\t

10.33(1)
0.0513

279Rg

4

1.33(1)
0.0161

271Bh

9.35(16)
1.78

3.41h

ourtesyv . RU

by Oganessian et al.

287115\
10.63(5)
283113 0.0676 283113
10.23(1) missing
0.0684 29Rg
10.39(16)
275Mt 0.124 275Mt
10.36(6) 10.33(9)
0.0218 218N 0.0140
missing
1.77 h ﬁHELMHOLTZ

olip
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287115

10.59(6)
0.0452

287115

10.59(9)

23113 0.0466

279Rg

A

10.37(16)
0.245

10.12(9)
0.147



Results — 288115 (3n-channel)

22 chains (out of 30) of ours are compatible with the

31 chains (out of 37) associated with the 3n channel 288115
by Oganessian et al.

2881 15

10.7(1)
0.16(3)

2841 13

10.3(1)
0.92(19)

280Rg

10.15(1)
4.8(2)

276\t

10.10(1)
0.70(Y)

272Bh

9.21(1)
10.9(%)

26(%) h




Results — 288115 (3n-channel)

22 chains (out of 30) of ours are compatible with the

31 chains (out of 37) associated with the 3n channel 288115
by Oganessian et al.

16 prompt a-photon coincidences e
2-3 of random origin expected 10.7(1)
284113 0.16(3) Qq
~ S00g ll | > T
E, 10.3(1) — 1/2
(@)
5 300 6] E1l Case
o) 10.15(1)
é 276\ [t 4.8(3) —> 280Rg —> 276Mt
£ 100 8]
S R A 10.10(1)
100 200 — 0.70("3) _> X- ray Case
photon time (10ns per channel) Bh 0 | 276Mt 27ZBh
‘ —
9.21(1)
10.9(%)

26(4) h 7
3 7, ISR I




Results — 288115 (3n-chain)

S
e =1
—RAosay, T 0
0 &
284113 e 0 I DR I 1 L1
(@)
= 10.0 10.5
L Particle energy (MeV)
1 1 T I ] I T I 1 I 1 I T
- | — Ragnarsson, 2013, MM z=1 1 4 gap!? ] "Ué LI L LI I N B
- | — Muntian et al., 2003, MM S Te)
44|| — Moller et al, 1995, FRDM t) | o o KX rays
—— Tolokonnikov et al., 2013, EDF (@) —
" | — Goriely et al., 2001, SHF
- | — Geng et al., 2003, RMF 1 .
| | @@ Experiment 2013

10 .

I 0 |.|l_|,|| [ T T R B
9'_ i 100 200

i Photon energy (keV)

107 109 11113 15 GEANT4 simulations: 100000 decays,
Proton number normalized to number of a’s
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Results — %83115 (3n-chain)

X-ray Case
276 Mt — 272Bh

Ty = 0.70(193) S 0

276
Qy = 10.10(1) Mey "Mt |

© -
(e
—— C
.(Cc‘; 0 | I |
| . 9.5 10.0
- 362 ; Alpha-decay energy (MeV
Rary #12 #16 |5 Py e c 8
> 9.60(1) MeV cgfTT T T T T T -'98
409
e 3 | KXrays o 2
HF = 12(;) 280Rg 280Rg O ™M fll 8
272Bh 119 21 I o | S <
(P ) X O
9.77(2) 9.77(1) <t
IF’/M.Z /11.6 » N — © ©
Mt 276)\[t 1 I ‘
362 | 362 | I L
0.903(3) 9.60(1) 0 L1 L1 ll |

0.232 0.607 100 200 300 400
Ge-deteclor energy (keV)
S8y S oor) GEANT4 simulations: 100000 decays,

19.0 3.35

normaliz_ed to number of a’s
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Results — 233115 (3n-chain)

X-ray Case
276 Mt — 272Bh

2 —
T1/2 = 0.70(193) S 276
Qy = 10.10(1) Mev Mt | o ]
E,=9.53(1) MeV~"~ =
o _ 3 e 0 11
434 60% HF =11(3) ; 95 10.0
434 362 < I S Alpha-decay energy (MeV) )
E2 362 "9.60(1) Mev | #20 #_1|$3_..................._ S &
0, c -
0% 3 || KXrays| N 03
0 HF = 12(;) 280Rg 280Rg O ray (ep) 9. 8
272Bh 88 C 1 o <t O C
™ . X 'O
© O

9.77(1) 9.77(1) N

W 3.21 27N 11.1 1 -]

434 136 & 167 | I ‘ I L
9.53(1) 0.825(3) 0 L L1 ln L1

0.702 0.515 100 200 300 400
Ge-delector energy (keV)

/88665) /9.08(1) GEANT4 simulations: 100000 decays,
153 normalized to number of o’s
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Results — 233115 (3n-chain)

4 -
X-ray Case
276\t —> 272Bh -
2 —
Ty = 0.70(193) S 276 —
=10.10(1) Mev ~ Mt T ]
a=10. L c
E, =9.53(1) MeV T Es
&0 - 3 L1
R0 2':'11(2) ;O 9.5 10.0
Alpha-decay energy (MeV) ")
| o
3E622 9.60(1) MeV ﬂl _,‘é’ Y LOLLELEL L NN N NN UL L 1 CC) 8
40% 5 N 25
HF = 12(3 s | KX © < 3
=120) R Ll ray @ o
F 1 N I S <
’/9.76(1) Q <| &8
11.3

Tentative! |276Mt ' 1 -
232 | I ‘ I L
9.65(1) 0 Ll 11 l |

0.702 100 200 300 400
Ge-delector energy (keV)

/855(1) GEANT4 simulations: 100000 decays,
298 normalized to number of a’s
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Results — 288115 (3n-chain)

T12=48¢)s Yoo T
Q= 10.15(1) MeV ~ N9 | El Case
Sep o Rg — 275Mt
£,=9.77(1) MeV
HF = 35()
237

237 194‘
olE a3y E
6x a-photon

276 Mt .
coincidences
s T T 1 T T T T 1T T T 7] 3 T T 1T T 1T T T T T T ]
[T N
1 Step 3 : S
© AN
S 4F - -
g | -
v
T 2 -
3
o I I 7]
0 1 | 1 1
95 10.0 100 200
Particle energy (MeV) Photon energy (keV)
GEANT4 simulations: 100000 decays, normalized to
number Of U'S ﬁHELMHOLTZ .:_= 5 ][
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Results — 288115 (3n-chain)

Ti2=48@¢)s 2 -

Qy = 10.15(1) MeV R | M1 Case

GEEl, . *PRg— ToMt
E,=9.77(1) MeV

237 = IF Mother Nature had provided these
‘;?4317 . \1:1?11 transitions as M1 transitions, this would have
; been THE perfect fingerprinting case!

276\t

s[FCOmoidences ™+ 1 T T _
K X rays §

Counts per channel
T
I

95 10.0 100 200
Particle energy (MeV) Photon energy (keV)

GEANT4 simulations: 100000 decays, normalized to number of a’s

/
7 reon:, I S I
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Results — 288115 (3n-chain)

Ti2=4808)s 0 -
otf: 10.1(;()1) MeV 28039’: E1 Case
“Step 3 280Rg > 276\t
E,=9.77(1) MeV
237 =3 The fact that these transitions are E1
, ""5317 . \‘é’? transitions puts (seemingly) severe
276 1t constraints on nuclear structure theory!

coinciaences

Counts per channel

9.5 10.0
Particle energy (MeV) Photon energy (keV)

GEANT4 simulations: 100000 decays, normalized to
number of a’s G uemon: g wg
s
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Summary and Outlook

- GSI / Mainz: Broad SHE research program covering Nuclear
Structure Studies, Atomic Physics and Chemistry investigations

 High-precision mass measurements probe shell eéﬁe'cts at N=152
 Decay spectroscopy allows detailed understarﬁmg of structure of SHN
* First a-g-spectroscopy of E115 performed,g%-'ray fingerprinting is feasible
« Event compatible with earlier reported@hta on E117 observed
- Focus 2011/12: Search for new eliéents 119 & 120
o 29Cf(°0Ti,xn)2?9*120: one- @lt TASCA limit is <160 fb
« 249BK(50Tj,xn)299%119: o@event TASCA limit is <70 fb
* Progressing beyond Z= ]/Qg’necesgtates 10 fb sensitivity
« Additional gain in sensitivity by cw-linac possible (beam intensity x 10)

« Laser resonance ionization spectroscopy of 2>*No planned in 2014
e e = b
_ s



