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Long term research goals

* New Heaviest Elements and Nuclei

- how many protons and neutrons a nucleus can hold ?

- unified description of nuclear properties across varying proton and neutron numbers
- new energy gaps, magic numbers and Island of Stability

- or rather enhanced stability without shell gaps and magic numbers

- understanding fission process competing with other decay modes (a, EC)

- structure beyond ground-state properties of super heavy nuclei

* Understanding production mechanism of the heaviest nuclei
- hot and cold fusion reactions with stable and radioactive nuclei
- multi-nucleon transfer between very heavy nuclei

« Expansion of Periodic Table of Elements

= relativistic effects in chemical properties of atoms OAK

- super heavy atoms in the Universe RIDGE

National |;u|w|ulm_‘.



Oak Ridge High School, April 2010
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* Actinides

O Metals
O Non-metals

O Not confirmed 2012:
~ 150 days search for Z=119 in 249Bk+5°Tj reaction, TASCA, GSI, < 70 fb

~ 34 days search for Z=120 in 248Cm+54Cr reaction, SHIP, GSI, g < 600 fb
(??21)

discovery of Z=121 can start a group of next 18 e lements... OAK
RIDGE

National Laboratory



Hot Fusion Island
R .| of over 50 nuclei

48Ca+actinides

. Nuclear Mainland ...z
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All nuclei from the Island were created using 48Ca beam,
attempts to use 94Ni, 58Fe, 54Cr, °°Ti + actinides were so far not successful



M. Bender, W. Nazarewicz, P.-G. Reinhard , Phys. L ett. B 515, 42, 2001
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Single-particle levels in the region of super hea vy nuclel

M. Bender, W. Nazarewicz, P.- G. Reinhard, PL B 515, 42, 2001
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2009-2010: Synthesis of a New Element with Atomic  Number Z=117

Dubna-Oak Ridge-Las Vegas-Nashville-Livermore-Dmitr  ovgrad

The identification of a new element Z=117 among the products of the 24°Bk+*8Ca reaction was enabled
by the close collaboration and unique capabilities of the US and Russia laboratories, neither country
could achieve it alone. The 330 days half-life of radioactive 24°Bk required a coordination of two years

neutron irradiation and chemical separation at Oak Ridge followed by a target production at Dimitrovgrad
and six months experiment with an intense 48Ca beam at Dubna.

High Flux Isotope Reactor 25-ton Q-ball transporting Chemical separation in hot cell Pure 22 mg of 24°Bk
ORNL, Oak Ridge

irradiated Am/Cm seed material REDC, ORNL,Oak Ridge

Decay chains of 294(117) and 293(117) Dubna Gas Filled Recoil Separator =00 GEElEn 249BK target wheel made
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Towards the Island of (enhanced) Stability

Oganessian et al., PRL 104, 142502, 2010 and PR C83, 054315, 2011
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Indeed we observe an increased stability with larger neutron number N,
but alpha half-lives are getting shorter with increased atomic number Z _~<T ~—_
(indicating a need for fast detection in a next generation of SHE studies!) S1-BATTELLE
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new experiments at the DGFRS (JINR Dubna)

243Am+48Ca, November 1%, 2010 - February 27t 2012, beam dose 3.3*101°

verification of 2003-2004 results on Z=115, 113 , and “mass production”

a-decay properties (fine structure ?)

excitation function

- 289115 from 2n reaction channel - “cross bombardment”  for 293117
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New study of Z=115 decay chains

| 2435 1 + 4804

s
T 115] 115
3n / 10.59(6) MeV / 10.33-10.58 MeV
282 283 | 32ms 284 | 170 ms
113 113 113
/10.63(8) MeV / 10.12(9) MeV / 9.97(5) MeV
278 | 73 ms 279 | 0.1s 280 [9.81(7) MeV
Rg Rg Rg|o0.97s
/10.69(8) MeV / 10.38(16) MeV / 9.09-9.87 MeV
274 4.2 ms 275 | 0.17s 276 | 3.6s
Mt Mt Mt
/ 10.0(1.1) MeV / 10.35(6) MeV / 9.17-9.95 MeV
270 | 9.76(10) MeV  [271 | 125 272 | 0.54s/6s
Bh| 440 ms Bh Bh
i 8.93(8) MeV i 9.35(16) MeV i 8.73-9.15 MeV
6ls 1.2s 12s
22 min
2
(1+1)

“mass production”

249K + 48Ccg PRL 2010

4n 3n
293 294
! 117 117
2n // 11.03(8) MeV / 10.81(10) MeV
289 289 | 14 ms 290 | 78 ms
115 115 115
/10.27-10.38 MeV_ / 10.31(9) MeV  / 9.95(40) MeV
285 | 520 ms 285 | 220 ms 286 | 16ms
113 113 113
9.60-10.18 MeV 9.74(8) MeV / 9.63(10) MeV
4.5s 9.48(11) MeV (282 | 20s
558 Rg
1s 26's / 9.00(10) MeV
5 278 | 0.51s
cross-bombardment ol
/ 9.55(19) MeV
115 - 117 i 177
Bh

8.80(10) MeV
53s

«— 3 from 2003 and 28 new 1

23 h

total number of observed decay chains (2003, 2010 - 2012) is listed at the end of the chain

Oganessian et al.,

-

PRL 108, 022502, 2012, PRC87, 014302, 2013 YL 2ATTELLE
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new experiments at the DGFRS (JINR Dubna)

° 24gBk+48Ca, from April 2314, 2012 till October 239, 2012, beam dose ~ 4.6*101°

a-decay properties, in particular of 2°4117 chain (only 1 event detected earlier)

new isotope Z=109 ?’’Mt and its very fast fission !

excitation function (search for 22117 produced in 2n reaction channel)

evidence for 2°4(118) decay chain

UT-BATTELLE
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New studies of super heavy nuclei
with Z=97 ?4°Bk and Z=98 24°Cf target materials at Dubna (2012)

#9
9.91 MeV

#23
13.23 MeV

11 new events of 293(117)

#12
11.76 MeV

#7
9.36 MeV

#25
11.00 MeV

3 new events of 294(117)

#8
13.11 MeV

#16
12.64 MeV

293 | 10.9070 MeV 2 11.14265 MeV 11.11489 MeV @ 10.91468 MeV 10.59849 MeV | [294 | 10.96070 MeV 10.96773 MeV
117 7.525 ms 3.305 ms 153.948 ms 10.547 ms 109.878 ms 1171 100.72 ms 3.986 ms
1 1
289 | 10.3728 MeV P 10.31065 MeV  missing o 10.19868 MeV 10.21749 MeV | 290 | 10.2812 MeV @ 9.77573 MeV
115/ 0.2665 s 0.1719 s 1.4348 s 0.1510 s 115| 0.3010 s 0.6976 s
| 1
285 | 9.85740 MeV missing « 9.63167MeV  9.3630MeV® 9.68349 MeV ||286 | 9.6111 MeV2 9.75077 MeV 2
113| 1.5155 s 19.0456 s 1.3153 s 18.3997 s 113| 5.7895 s 3.6525s
1
204.0MeV©S 2220 MeV® 2128MeV® 1629 MeV® 150.8 MeV 282 | 9.1830 MeV® 9.0411 MeV 2
94192 s 7.4538 s 1.4809 s 103.406s  42.1349s Rg| 145.34 s 29.202 s
1
278 | 9.39670 MeV 9.38273 MeV
Mt| 4.1713 s 7.2154 s
1
" 249¢cf + %8 403 274 | 8.79170MeV 8.6930 MeV P
Z:97 24gBk N Z:98 249Cf - 1163 MeV Bh| 102.58 s 55.722 s
_ 11.655 MeV 142.4 MeV ~ 195.9 MeV ©
T,,=330 days 2 o7 294 | 11679 Mey - 3749 h 2349 h
118| 0.897p31ms | 118| 0.135ms
| |
290 10-%‘:‘,)82M9V 290 | 10.84865 MeV
Lv| 7.17ms Lv .
E*(297118) ~ 31 MeV . 17 29.437 ms
28 10-1§ggMeV 219.3 MeV ©
12975, ms 3.486 ms
0.82*533%ms 294
new event of (118)
consistent data on Z=117 and Z=118 productionand d ecay

-

Oganessian et al., PRL 109, 162501, 2012 and PRC 87, 054621, 2013 UI-BATTELLE
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First observation of 281Rg a-decay and fast fission of new isotope

str 12
2998k + ¥Ca lt.'::mscptmburl I5‘311?4—.
E*=42 MeV c1y

11,203 3 MeV
2891150 8.173 ms 11 450 MeV
Cla 25,05 mm 24,73 mm
F 341535 mm 35,1156 mm
10.279+; MeV

00565240 5
2528 mm
35.53hmm

0,867 MeV
Hlpa 52130105
25244 mim

34 REh mm
9 3bgp MeV (0B84 6)
34641725

PranlE0-10.0MeV, 10s]=0.(6

1820 MV

24 66f mm
3479 mm

Z=111 281Rg SF~ 20s (a~ 10%)

gir |
1320 Oectober 5

149Bk+4ﬂcﬂ Ly
E*=46, MeV JS_ME o
(= 5

I

277|\/|t

11059 MeV

10,362 55 MeV
2551130 0.016070 5
v B A4 (4 mim

15 84h mm

20.00h mm
028055 MeV
2924937 5

4414 mm

|5 865 mm

2297 MeV (138.9+90 1)

0. 443 mig

44314 mm

15,700 mm

Z=109 27"Mt SF ~ 5 (+9,-2) ms “fission corridor”

nuclear structure dramatically influences fission p

= 9,759 15 MeV (1. 110+8649)
“SiRg ) 0238943 s
8. 21 mum

robability

13875 MeV

J 43 B4y mm 44 B mm
16010 i I567h mm
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FIG. 4. (Color online) Summary of our SkM~ results for decay

modes of

SH nuclei. (a) SF half-lives log,, 7.7 (in seconds).

(b) a-decay half-lives log,, T, (in seconds). (¢) Dominant
decay modes. If two modes compete, this is marked by coex-
isting triangles.

' A.Staszczak, A. Baran and W.Nazarewicz

Phys. Rev. C 87, 024320, 2013
EVEN-EVEN SHE nuclei
advanced analysis of shapes and
symmetric vs asymmetric fission modes
affecting SHE lifetimes

Pretty good agreement
for T,,’s of even-even alpha emitters,
but the SF mode

I atthe end of “Dubna Island” decay chains
=1 appears to be much too fast in the calculations.

However, the large gradient of SF life-time
is indeed observed in experiment.

) 284FI (now searched for)
239,240py+48Ca, 3,4n channel

296118 (to be searched for)
251Cf+48Ca, 3n channel

-
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Total of four

2009, E*~ 35 MeV

(3n channel of 2#*Bk+48Ca reaction)
E*~ 32.6 MeV

S str 16 sir8
BNz [ 00:16 July 10 [ #4117 01:01 July 11 | ***117
ay oy o
" 7 10.96079 MeV 10.96773 MeV
290 15 %?f_ﬁiﬁ;hm 8.672 MeV 290115) 100724 ms 12,643 MV 290115 3.986 ms 13.
o 18.97 mm 19.24 mm o 40.107 mm 40,13t mm o 41.55mm 42,
- y 18.70b mm 19.016 mm y % 17.915b mm 17
9.9504p3 MeV' (1.0/2+9.450) 10282775 MeV (1.265+9.017) 9.77573 MeV
286 413) 0.0226 5 26113} 0.300972 5 286113 0.697552 5
O3 O3 35,87t mm o) 42,00t mm
22,415 mm 17.79b mm
5 9.62505 MeV = 9.614 705 MeV (3.544+6070) e 9.749 195 MeV (1.144+8.605)
“"“Rg | 28.2937s “*“Rg || 5.789526 s “Rg [ 3.65246 5
oy 19.51 mm Oy 40.06t mm oLy 35.39tmm Ly
e 18.92h mm e 25.38b mm
9.00295 MeV 9.182299 MeV (0.81/2+8777) 9.04277; MeV (1152+7.890)
28y | 0.7404 5 2TEMt || 145336242 5 255 Mt [ 29202413 5 278 Mt
Olg 18.97 mm Ols, O 43.31tmm s,
4 19.69h mm
9.548 185 MeV (1.094+8.454) ; 9.3967p MeV 9.38273 MeV
2450 | 170476 s 2TBh | 4171254 s 24Bh || 7215355 R i
g g, 40.09t mm g, 42.28t mm g,
18,785 mm 17.13h mm
8.79895 MeV 8.79179 MeV 8.693290 MeV (0.81/2+8.288) 873250 MeV
76.0998 s 102.575015 s 55.722025 s 39.145385 5
19.11 mm 39.70t mm 36.32tmm
19.24h mm 23.96b mm
195.6 (152.3+43.3) MeV 142.4 MeV 195.9 MeV (179.8+16.1) 221.7 MeV
33,3595 h 3749 h 2349 h 1.156372 h
19.93 mm 40.14t mm 41.76t mm 35.63t mm
17.695 mm 23.96b mm

all decay chains ended with SF of Z=105

2012: E*~ 35 MeV

strl

294117 ,,, decay chains found at Dubna

18.96h mm

12:32 August 08 22
[e3]
106 MeV 290 115| missing o 12.327 MeV
117 mm Cln 35,79t mm
505 mm » 23,915 mm
10.231590 MeV
#6113 0.338670 s
o3 36,12t mm

282 Rg

35.63tm

9.00150 MeV
166.855342 5
36.13tmm
23.66b mm

23.94b mm

9.65150 MeV
36.450604 s

m

24.44h mm

270D, T, ,,(SF)~ 17 h

E*~ 35 MeV denotes E*(?°117) ranging from 32.8 MeV to 37.5 MeV

Oganessian et al., PRL 109, 162501, 2012, PRC 87, 054621, 2013
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Towards the Island of (enhanced) Stability
2013

103 %I 11 | [ If:h..l_|1lsl2l | | 1T 1T 1 | 1T 1T 1 | 1T 1 I%
2 _ f‘L | f Z=111 _
L ELE L S

E -101 ;— SI} ! ..‘ GI" ' ;* _;
2 i jl s #
Lil:lu 100 §— ........ Q,{{l)_ _E'.E‘T" - —&1:-’:—-—'0——;1115 _g
- S P 79 117 3
g0 g 1070 L 109/ ?xﬁi’ 2 IR
P.2L & DA A l
310 E S %, ' E
a - NI-152 A v, 4’ ]
0%, 7 Mg E
- |109 L ﬁ|3 | | i

10-4 L b 1 1 I I | [ L1 1 1 L1 1 1 L1 1 1

150 155 160 165 170 175 180
Neutron number

Better statistics on Z=117 and Z=115 decay chains  confirms enhanced
stability with increasing neutron number
N\
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experiments at TASCA (GS/ Darmstadt)

° 24QBk.|.50Ti, TASCA, April — September 2012, beam dose ~ 3.6 *101°

- search for isotopes of new element Z=119, 29:29(119),,, 175
- cross section limit of about 70 femtobarn reached

¢ 24gBk+48C3, TASCA, September - October 2012, beam dose ~ 1.1 *101°

- search for isotopes of element Z=117, 2932%4(117) /GSI-ORNL scientific agreement/

12.7 mg %4°Bk from ORNL
impressive production of  24°Bk target at Mainz
(Klaus Eberhardt, Norbert Trautmann,

Jorg Runke and their collaborators)

Rotating target survived ~ 4 part * microAmps
l.e., 2.4 * 1013 50Tj projectiles per 0.25 second
over several months of irradiations

-
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Element 117 independently confirmed at TASCA !

Theory Chain 1 Chain 2
E. X=103, Y=41 X=111, Y=19
T 69 | 9.0 V
n [N -/,/E;‘ = - ER
11.0 11.071 F , -
as ms |97, 55.5 ms| /’- 117 ggﬁy’ Jadambaa Khuyagbaatar et al.,
e N VAR e AT — PRL 2014
1‘3-13 200 10314 [ 200 | 10.17% i
5 ] |
>y 115|z.935 _ /;- 115, 066s i o )
956 ge 116 Fo——" 88 laca among coauthors:
165 1113 2705 | 113,235 Ll : :
24.5m I 0L 5 A I a; | K. Miernik
943 (282 8862 [ 282 |9.053 f M. W ki ITME
8.1 | | . Wegrzecki ( )
iig‘:ms _/’;: Rg‘a?as m
vy (278 ean f‘//—' 278|971 _l/’—
: | _
o Mt‘a.?gs i O Mt 5535 | s
843 1774 |gsa0 [] 274 |883* [
74 | ' -
ot Bh 2515 | /;' BI’J‘M&S [ O
7.83 1270 |7.887 [ 270 | 7904 [ .
s.oh | Dg13an | /: Dby 161h | /;— NEW:
5o ! ! a-decay of 279Db
' 135"‘? - SF 189 F SF . 266
8.7y 3.80h [ ) 29.22 h[ and new SF isotope Lr
175 | L /]
s00 2500 s00 2500
Time (chan/ 17ns) Time (chan/ 17ns)
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GS/I Darmstadt D.Rudolphetal., PRL 111, 112502, 2013

o 243Am+48Ca, TASCA-TASISpec, 242Am (ORNL), 0.8 mg/cm 2target (Mainz)
3 weeks in Nov. 2012, beam dose ~ 7*1018

study of known isotopes of element Z=115, e.g., %5(115)

- independent confirmation of 2003-2004 and 2010-2012 Dubna data on Z=115,113,...

- attempt to directly measure atomic number Z through a - X ray correlation
- 30 decay chains of Z=115 isotopes observed in three weeks !

_ 13 0
T2=0.70(g) s 276 1;
Qy =10.10(1) MeV

E, 953{1}Mev
HF = 11(3)

I|'|

434

434] 1202 362

—_—
E2| JM1 _*‘_fi_ﬂ 3&% 9.60(1) MeV
i 992 HF = 12{3 )

Cluster 272K

first J£spectroscopy at Hot Fusion Island

~ 40 % efficiency at KX-ray region A~
UT-BATTELLE
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D. Rudolph, Lund University

- X-ray Case? |chain5: E,=965(1) MeV
27T6\MIt — 272Bh E;n =232(1) keV

cascade (of 2 K X rays?)

8x a-photon coincidences

'_l frrrvprryvpreryrgow L
s 4 . K X l
= o
- 3
; Ty j
‘ 8 :
= 1 “
=
0
= A.A_A_I_l_l_l_l_l_h[
0 0
95 100 100 200 300 400
Alpha-decay energy (MeV) Ge-deleclor energy (keV)

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

Mazurian Lakes, Piaski, Poland, September 2013

H

D. Rudolph et al., PRL 111, 112502, 2013 UT-BATTELLE
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Plans for 2014 -2015: search for Z=118 isotopes

Models do not agree about the decay properties of 2°4118 and 296118

=

296118 294118 §— T | | %
10° £ =118 = 294 _
A A| b - E = exp dataon “°*118 a-decay:
A A (saen = % T E,11.7MeV,T,,~0.7ms
A Al Goeyy 10" E
¥ o ¥ O E ;1 . ‘A é
O ® | (Bergern i = = )
&  #lwses SWE + Staszczak, Baran, Nazarewicz
A alwem £ E * 4 Phys. Rev. C 87, 024320, 2013
O ®m| (Bender) 5 ;_ Rk _;
BIE i = %& S 294118: E_=11.8 MeV , T,,,=0.66 ms
E | | | 2 20118 E,~11.7 MeV, Typ=1ms
g 1

10 13 12
Alpha decay energy, Qj (MeV)

(%)

long experiment with a mixed-Cf target from ORNL and “8Ca beam
has a potential to identify new isotopes 223118, 299118 and 2°6118

UT-BATTELLE
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Mixed -Cf target ORNL 2013 -2014

Radiochemical Engineering Development Center REDC

~ 40 years old Cf-sources processed at REDC to obta  in mixed-Cf material

249Cf (351 y) 250Cf (13 y) 251Cf (898 y) 252Cf (2.65 y)
7.6 mg 2.5 mg 5.7 mg 0.007 mg
48.1% 15.6% 30.3% 0.04%

~ 3* 107 n/s, unshielded dose in 6” ~ 1 rem/hour
rem/hour

target

T L
By | oommEEsT N
?G ‘P‘ 1

Viamuansss®

work on mixed-Cf first target sector radiographic image
at REDC ready in Dec. 2013 of Sm test target
Sl T~
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New ORNL-UTK detectors and digital data acquisition system
(similar DAQ at SHIP Z=120 exp was serving PSSD+Si-box+MCPs)

MICRON

128 x48 mm
1 mm wide strips DSSD
and
matching Si-veto detector

six 120 x 65 mm single Si
forming Si-box

MESYTEC
lin-log preamps
XIA Pixiel6 rev D
(208 channels)
Dell Power Edge

o - T
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Connecting Hot Fusion Island with Nuclear Mainland
search for new Z=114 Flerovium isotopes and theird  ecay products

240p |, + 48C4

4dn 3n 2n
FIi283 | FU284 | Fu285 | FU286 | Fu287 | FI288 | FI/289
4ms | 2ms | 0.1s | 0.12s8|0.48s | 080s| 265
108 106|103  [10.1 f| 10.02]| [994] [9.82]
Cn/279 | Cn/280 | Cn/281 | Cn/282 | Cn/283 | Cn/284 | Cn/285
ims | 04ms | 0.1s [0.82ms| 38s | 97ms | 29s
109 106 [10.31 954 9.15
! ] ! !
Ds275 | Ds276 | Ds277 | Ds278 | Ds279 Ds 281
50us | 0.2ms | 6 ms 10ms | 0.20s 1Ms
11.2 10.8 10.57 10.1 9.70
; : |
Hs271 | Hs272 | Hs273 | Hs274 | Hs275 Hs 277
1s 0.2s | D2s 10ms | 0.19s 3ms
9.3 9.5 9,59 94 9.30
! |
Sg267 | Sg268 | Sg269 | Sg270 | Sg271
80s 10s | 2 min 1s 19m
8.2 83 857 8.6 | 854
Rf263| Rf264 | Rf265 | Rf266 | Rf267
8s 5s 2m 10s 1.3h
8.0 7.8 74

240py material from Oak Ridge
delivered to Dubna on 27"Dec. 2013
(after 51 weeks of paperwork)

P LR TN [T n R LA T
< s . L
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ORNL-UTK 8-detector and digital data acquisition s

operating at the Dubna Gas Filled Recoil Separator

: iy Y,
Si-detector stack \

a-emitters including
1 /5 activity of  219Th
studied at the DGFRS
during “Ca+"aYb run
Nov.-Dec. 2013.

Search for new isotopes
of element Z=114 (FI)
with 239.240py targets

started on 6 " Dec. 2013

ystem
(DGFRS)

Ch numer

; DSSD preamplifier response
| linear ~1-30MeV
Lo00 I logarithmic ~ 30 MeV - 600 MeV

I
0 100

I
200

4000

energy of a-particles

I I
300 400 500 600
E (MeV)

217Th
215Ra 9.3 MeV
8.7 MeV
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Summary

odd Z nuclei produced in *Ca-induced reactions

2003-2013

249 Bk + 48 Ca
[ |
4n 3n
293 294
117 117
11.02(6) MeV 10.95(7) MeV
289 | 56 ms 30 [ 53 ms
115 15|

10.26(5) MeV
03s

9.74(5) MeV
9.58({11) MeV

10.02{7) MeV
0.24 5

9.66(7) MeV
8.7s

243 Am + 48 Ca
I T 1
237 a8 dn 3n Zn
N p+ G i7 [z88 CT]
15 115 15|
3n 7 1059(6)Mev 7 10.33-1058MeV 7 10.27-10.38 Mev
282 283 |32 ms 284 | 170 ms 285 | 0.5s
11 113 113 113
/ 10.63(8) MeV 10.12{9) MeV 9,97(5) MeV 9,60-10.18 MeV
278 | 73ms ?9 0.1s au 9.81(7) MeV 45s
u 97 5
/ 10.69(8) MeV :Lu I8(16) MeV DH BT MeV 11s
z74 | 4.2ms 275 0.17s 215 365 L
Mt ™ 4 16
10.0{1.1) MeV / 10.35(6) MeV / 9.17-9.95 MeV/
270 | 9.76[10) MeV  [z71 | 125 272 | 0545 /65
Bh| 440 ms Bh Bh
8.93(8) MeV 9.35(16) MeV 8.73-89.15 MeV
G6ls 1.2s 12s
22 min

2

number of the detected chains
(+30 TASCA + ~ 40 BGS)

Yu.Ts. Oganessian et al.,
PRL 104, 142501, 2010, PRL 108, 022502, 2012,

PRL 109, 162501, 2012.

l06s

9.00(7) MeV
405 s

278

| Mt

/ 5.39(7) MeV
274 | 10.8s

Bh

8.80(7) MeV
54.1s

21.8h

(+2 TASCA)
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Summary

- new data consistent with earlier results on Z=117, 115, 113 and 118

- Dubna discoveries of elements 115 and 113 (2003-2004) and of 117 (2010)
independently confirmed at TASCA (GSI)

“cross bombardment” achieved in 48Ca-induced reactions:
4n (?*°Bk target, 293117) and 2n (**3Am, 289115) reaction channels

nearly “mass production” of Z=115 isotopes , g ya.x ~ 9 pb

total of ~ 100 decay events of 288115 and 16 events of 293117
and 224117 (4 +2 events) help to determine the decay properties (new isotope 26Lr)

an evidence for fine structure in a-spectra and a-KX-ray events

new isotope 27/Mt (~ 5 ms SF!) ending the 2°3117 decay chain
- 0(117) ~ 2-3 pb, 294118 observed with ingrown 24°Cf target component

- new SHE experiments with important ORNL/UTK contri ~ butions at Dubna
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Approach to Highest Value Experiments
(e.g., at Dubna SHE Factory)

Cost (starting from)

10000K

1000K

1'."|| New Elements '

119 and 120

-

New Isotopes

10K

K

_ closer to N=184
New Heaviest h

Nuclei, 2°52%118 Spectroscopy and

Chemistry of SHE

Fission vs Alpha-decay
Competition

_ Connecting Island
Reaction to Mainland

Mechanisms

i P iches

Physics Reach
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