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& (1869) : Q1, M3 3| Kk K3k Nobel Prize Why?
02, 5ARAMEEH? 03, 2% X

OITbITE CHCTEMDBbI 3JIEMEHTOBD
OCHOBAHHOH HA HIXb ATOMHOMBb BbCh H XHMHYECKOME CXONCTOb

Ti =50 Zr =90 ? =180
VvV =51 Nb =94 Ta =182
Cr =52 Mo =96 W = 186
Mn =55 Rh =104_4 Pr = 197_4
Fe = 56 Rn =104 4 Ir = 198
Ni = Co = 59 Pl=106.6 Os = 199
Cu = 63. Apg = 108 Hg = 200
Mg = 24 Zn =65. 2 Cd=112
Al =27_4 ? =68 Ur=116 Au = 1977
Si =28 ? =70 Sn =118

P =31 As =75 Sb =122 Bi=2107
S =32 Se =79 4 Ta = 1287
Cl=35.5 Br = 80 J =127
Ii=7 Na=23 K =39 Rb = 85_ 4 Cs =133
Ca =40 Sr=87.6 Ba 137
? =45 Ce =92

?7Er =56 ILa =94
Yt =60 Di =95
?In =75. 6 Th =1187



Dmitri Mendeleev

[ J5EH)R: 1834-1907
41: Z=101 ( Mendelevium)

Born Dmitri Ivanovich Mendeleev
8 February 1834
Verkhnie Aremzyani, Tobolsk

Governorate, Russian Empire

Died 2 February 1907 (aged 72)
Saint Petersburg, Russian

Empire

Nationality Russian

Fields Chemistry, physics and

Dmitri Mendeleev in 1897 adjacent fields
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Year

Physics

Chemistry

Physiology or Medicie

1201 W.C. Rontgen (G)
19062 . A ITorentz (INL)

P Zeeman (INL)Y) =57
1903 AH. Becguerel (¥F)

. Curie (F)

M. Curie (F)
1904 T W.S. Ravleigh (GB)
1905 PE.A. von Lenard (G)
1206 J.J. Thomson (GB)
1907 AA. Michelson (US)
1208 G, Lippman (F)
1202 G. Marconi (1)

C.F. Braun (4)
1910 ¥, ID. van der Waals (INL)
1911 W, Wien (G)
1912 N.G. IDalén (Swe)
1213 H. Kamerlingh-Onnes

(INL)

1914 M. von Laue ()
1215 W.HL. Bragg (GB)

I.W. Bragg (GB)
1916 Not awarded
1917

.G, Barkla (GRB)

J.EX. vann’t Hoff (INL)

H._E. Fischer (G)

S5.A. Arrhenius (Swe)

WW. Ramsey (GB)

J.FW.A. von Bacyver ((3)

H. Moissan (F)

E. Buchner (G)

E. Rutherford (GB)

W. Ostwald (G)

O. Wallach (G)

M. Cune (F)

V. Grignard (F)
. Sabatier (F)
A Werner (Swi)

T.W. Richards (1IS)
R.M. Willstidtrer (G)

Notr awarded

Not awarded

E.A. von Behring (G)

R. Ross {(GB)

N.R. Finmsen (I>)

I.PP. Paviov (R)

R. Koch (G)

C. Golgi (I)

S. Ramdn y Cajal (Sp)
C.I..A. Laveran (¥)
1.1. Mechnikov (R}
. Ehrlich (G)

E.T. Kocher (Swi)
A, Kossel (G)

A, Gullstrand {(Swe)
A. Carrel (F)

C.R. Richet (¥)-

R. Barany (Au)

Not awarded
Not awarded

Not awarded ) 4



WebElements: the periodic table on the world-wide web

hitp://www.webelements.com/

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
hydrogen helium
1 2
1.00794(7) 4.002602(2
lithium beryllium element name ) i a boron carbon nitrogen oxygen fluorine neon
3 4 atomic number 5 6 7 8 9 10
Li | Be element symbol (2000) Bk NG R RN
6.941(2) 9.012182(3) 10.811(7) 12.0107(8) | 14.00674(7) | 15.9994(3) |18.9984032(5) 20.1797(6)
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
12 15 16
Na | Mg Al SI[:P| S| CHiAr
22.989770(2)| 24.3050(6) 26.981538(2)| 28.0855(3) | 30.973761(2)| 32.066(6) 35.4527(9) 39.948(1)
potassium calcium di itani di chromi gal iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
19 20 21 22 23 24 26 29
K | Ca Sc| Ti|V|Cr{Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As|Se| Br| Kr
39.0983(1) 40.078(4) 44.955910(8)| 47.867(1) 50.9415(1) 51.9961(6) | 54.938049(9)| 55.845(2 58.933200(9)| 58.6934(2) 63.546(3) 65.39(2) 69.723(1) 72.61(2) 74.92160(2) 78.96(3) 79.904(1) 83.80(1)
rubidium strontium yttrium i i iobi ly hneti ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
39 40 41 42 43 a4 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y | Zr[Nb[Mo|Tc|Ru|Rh|Pd|{Ag|[Cd| In |{Sn|Sb|Te| | | Xe
85.4678(3) 87.62(1) 88. 2) 91.224(2) 92.90638(2) | 95.94(1) [98.9063] 101.07(2) | 102.90550(2)] 106.42(1) 107.8682(2) | 112.411(8) 114.818(3) 118.710(7) 121.760(1) 127.6G(3) | 126.90447(3)| 131.29(2)
caesium barium lutetium hafnium tantalum gs I iridium platinum gold mercury thallium lead bismuth polonium astatine radon
56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 86
Cs|Ba| * |Lu|Hf [Ta|W |[Re|Os| Ir | Pt |Au|Hg| Tl |[Pb| Bi | Po| At | Rn
132.90545(2)| 137.327(7) 174.967(1) 178.49(2) 180.9479(1) 183.84(1) 186.207(1) 190.23(3) 192.217(3) 195.078(2) | 196.96655(2)| 200.59(2) 204.3833(2) 207.2(1) | 208.98038(2)| [208.9824] [209.9871] [222.0176]
francium radium lawrencium | rutherfordium|  dubnium 0i bohri hassi i ili i bi di ununhexium ununoctium
89-102 103 104 105 106 107 108 109 110 1 112 114 116 118
Fr|{Ra| * | Lr | Rf [Db| Sg | Bh | Hs | Mt (Uun|Uuu|Uub Uuq Uuh Uuo
[223.0197] [226.0254 [262.110) [261.1089] [262.1144] [263.1186) [264.12] [265.1306] [268] [269] [272) [277] [289] 89) [293]
\/\W"
T b Borlely
lanthanum cerium ymi dy p i i il I terbium dysp::ium holmium erbium thulium ytterbium
‘lanthanides | La | Ce | Pr [ Nd |Pm|{Sm|Eu|Gd| Tb| Dy |Ho| Er |Tm| Yb
138.9055(2) | 140.116(1) | 140.90765(2)| 144.24(3 [144.9127] 150.36(3) 151.964(1) 157.25(3) | 158.92534(2)| 162.50(3) | 164.93032(2)| 167.26(3) | 168.93421(2)| 173.04(3)
actinium thorium p i P ! i curium berkelium californium i fermi delevi
90 91 92 93 94 95 96 97 98 99 100 101 102
“actinides | Ac| Th|Pa| U |[Np|Pu|[Am|Cm| Bk | Cf Es Fm|Md| No
[227.0277) | 232.0381(1) | 231.03588(2)| 238.0289(1) | [237.! 0482] [244.0642] | [243.0614] [247.0703] [247.0703] | [251.0796] [252.0830] [257.0951] [258.0984] [259.1011]

the symbols elements, their names, and their are those by IUPAC. After some controversy. the names of elements 101-109 are now confirmed: see Pure & Appl. Chem., 1997, 69, 2471-2473. Names have not been proposed as yet for the most recently
mmno—nz |14 116, mnanmwmnmmsmm-wm see Pure & Appl. Chem., 1979 51, 381-384. thSAmmm the 0! and cesium are normal while in the UK and elsewhere the usual spelling is sulphur.
for a justification of MmdhmuklumdUanmmmmwam‘fm and lutetium ium) in the periodic table”, J. Chem. Ed., 1982, 59, 634-636.
muummumu-u)uwmunwmwm For a discussion of this and other common systems see: W.C. qu\dWH Powell, “Confusion in the periodic table of the elements®, J. Chem. Ed., 1982, 59, 504-508.
Pure & Appl. Chem., 1996, 68, 2339-2359. MnmluPAc1va Emummmmummmmmmmmwnmwmanmnmmm However, the three
mmm&m mm.ndo and these are the values quoled. muwm‘dmm-mmnnmm-wmuynw in parentheses.
[University of Sheffield, webelements@sheffield ac.uk). For updates 10 this table see 1111 //www she istry/web-elements/webele upportmedia/pdf/periodic-table htmi, Vi s 11013 July 1999.




WebElements: the periodic table

Group

1 2 3 | 4 5 6 7 8 9 |10 || 11 |12 | 15| 14 || 15| 16 | 17 | 18
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e EEME (Z=112,Cn; 2010)

1 18
1H 2 13 14 15 16 17 gHe
3Li 4Be 5B 6C 7N 8O 9F 1lo\le
1,1\13 Mg 3 9 10 1§A‘| 14Si 15P 168 17C| éA‘r
19K nga 21SC 2(730 2é!\li 3(133 3(236 3@3 34Se 3§r 3€t)(r
Rb 38Sr Y Pd
8!:r Ra 'fg‘C ..............................

3|14

113 114

*Actinides

* Lanthanides| Ce| Pr [Nd|Pm[Sm|Eu|Gd| Tb|Dy|[Ho| Er|Tm|Yb]| Lu

58 59 60 61 62 63 64 65 66 67 68 69 70 71

R. Eichler et al, NATURE, Vol.447(2007)72, Chemical characterization of element 112
Oganessian et al., Phys. Rev. Lett. 104, 142502 (2010) v
Synthesis of a New Element with Atomic Number Z=117
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1 H He
2 3 4 5 6 ri 8 g9 10
Li Be B [ M (8] F Me
3 11 12 13 14 15 16 17 18
Ma || Mg Al Si P S Cl Ar
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o K Ca || &Sc Ti A" Cr Mn || Fe || Co Mi Cu || Zn || Ga || Ge || As || Se Br Kr
=
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The Periodic Table of the Elements

Group 1 .
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Period 1 ~N )
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Electronic Configuration Blocks
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Group—1 2 3 14 15 16 17 18
dPeriod

1 2
1 H He
> 3 4 5 6 7 8 9 10
Li | Be B C N 0] F || Ne
3 11 || 12 13 || 14 || 15 || 16 | 17 || 18
Na | Mg Al Si P S Cl || Ar
4 19 | 20 | 21 22 || 23 || 24 || 25| 26 || 27 || 28|29 || 30| 31| 32|33 | 34| 35| 36
K || Ca || Sc Ti \ Cr|Mn|  Fe | Co| Ni ||[Cu| Zn || Ga || Ge || As || Se || Br || Kr
5 37 || 38 || 39 40 || 41 || 42 | 43 || 44 || 45 || 46 | 47 || 48 || 49 || 50 || 51 || 52 || 53 || 54
Rb || Sr || Y Zr | Nb|[Mo || Tc ||Ru||Rh | Pd| Ag||Cd| In || Sn || Sb || Te I || Xe
6 55 || 56 || 57 (x| 72 || 73|74 || 75|76 | 77 || 78 || 79 || 80 || 81 || 82 || 83 | 84 || 85 | 86
Cs || Ba | La Hf || Ta | W | Re || Os || Ir || Pt || Au || Hg | TI || Pb || Bi || Po || At || Rn
2 87 | 88 | 89 |X|104|/105(106|(107| 108|109 110|111 |[112| 113/ 114|115(/116| 117|118
Fr || Ra || Ac Rf (Db || Sg || Bh || Hs || Mt | Ds || Rg || Cn || Nh| Fl || Mc| Lv || Ts || Og

x| 58 || 59 || 60| 61| 62| 63| 64| 65| 66| 67| 68| 69| 70| 71

Ce || Pr{{Nd|Pm|Sm| Eu | Gd| Tb || Dy || Ho || Er || Tm || Yb || Lu

%190 || 91| 92 || 93| 94 | 95 || 96 || 97 || 98 || 99 ||100|/101|102| 103

Th | Pa| U |Np| Pu||Am|Cm | Bk || Cf || Es | Fm | Md | No | Lr
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o« VI FEHLFE:

e JEiE2R: Fraunhofer, Kirchhoff +Bunsen
(Germany): Cs, Rb (37,55); Crookes,
TI1(81).

o WIS+ RIF:

o« HphET, M?%%%% KBHITER: R
EYE AR, RICFFK (1868) .
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1903-1904: Nobel Prize and new
elements

* 1. Rayleigh (physicist: N) +Ramsy (chemist):
Ar; He (Crookes: confirm), Ne ,Kr
1904 Nobel prize ( Physics+Chemistry)

e 7. M. Curie and P. Curie: Radioactivity;
Stronger : new elements, Ra, Po (1898) ?
1903 Nobel prize (Physics) 1/2+(1/4+1/4)
1911 Nobel prize (Chemistry) 1/1.

Hff4Curie A ZEF ANobel 2 7



Nobel Prizes in Physics



Arguments: Po, Ra (Curie)? Who ?

1. A history of physics, Dover
Publications, F. Cajori, 1962, USA.

2. Une Femme Honorable, Marie Curie;
De Francoise Giroud;
Librairie Artheme Fatard, 1981.

3. A short history of nearly everything,
Bill Bryson, Jed Mattes Inc., 2003



Lord Kelvin
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FRFRAREER

— 5 A BB FEHFRTE 1906 4 8 A R ZERBUARERE LK) L
KTEHFIE. ARTHBAEREHBEHSRUBLHEETAFHF
PEA, XA W ERBITIE T U R AL, I B RS  sh B b A
WO AENENFHINILTEMOES>™Y, — B3+ A AEER
B 5 BT U TR 7 i 50 BUAR o O T AR 25 JL T 2 B 0t Xof O A TR 4 1
MR AR ME AL E UL R B0 T MAIAE AR 40 0 - b 4™ A RORIEBA
HAFAEELEMT T RADRIEAEEER S, WREE

Nature , Vol .68,1903.611.
Nature ,Vol. 70,1904 .107 .
Nature ,Vol .70,1904.516.
Nature , Vol . 70,1904 .241 .
Nature ,Vol.74,1906.453.
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T8 ARES EMEAREB X AR T M. MiAN, FEHFETR
F T A TR) 1 e 2 19 A HG At 1) 4 B RB A 5€ 4 A (] F0 28 fBL B9 300 B
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o ) B RN A B 2 L L fB 7R 1866 AE ¥R IR T B v, IRFE 1892 4E K
BRHIF/RFGRE. 2GR AEMZEERERREYE R
KR o IE J2 18 B i Y 56 T3l o B4 A R 1 B0 S Bt A Tl
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@  Nature ,Vol.74,1906.516—518 . (0 HiH X e B 5L BH o
@ S.P.Thompson, Life of William Thomson ,London, 1910.
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The Nobel Prize in Physics 1938

Enrico Fermi

“for his demonstrations of the existence of new
radioactive elements produced by neutron irradiation,
and for his related discovery of nuclear reactions
brought about by slow neutrons"”.




The Nobel Prize in Chemistry 1951

Edwin Mattison Glenn Theodore
McMillan Seaborg
Prize share: Prize share:

McMillan and Glenn Theodore Seaborg "for their discoveries in the
chemistry of the transuranium elements”

Photos: Copyright © The Nobel Foundation




Physics REEPE T & s
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Home About Browse APS Journals 1946-':—‘&%,% (239PU)

Focus: Landmarks: The Physical Review’s Explosive Secret

Published October 26, 2004 | Phys. Rev. Focus 14, 17 (2004) | DOI: 10.1103/PhysRevFocus.14.17

The Physical Review delayed publishing the 1941 discovery of plutonium—which was used in an atomic bomb-until
1946 because of wartime security concerns.

APS has put the entire Physical Review archive online, back to 1893.

. . Properties of 94(239)
Focus Landmarks feature important papers from the archive.

J. W. Kennedy, G. T. Seaborg, E. Segré, and

A. C. Wahl
In the early days of World War Il, physicists around the world were Phys. Rev. 70, 555 (1946)
intently watching the pages of the Physical Review, waiting for updates Publis |

on one of the century’s greatest revelations: fission, the splitting of an
atom’s nucleus accompanied by a prodigious release of energy. But

Radioactive Element 94 from Deuterons on

they waited in vain. Because of fears that Germany would use Amerjfan Uranium
research to pursue an atomic weapon, the Physical Review agreed (o G. T. Seaborg, A. C. Wahl, and J. W.
Kennedy

withhold reports of significant advances. It was not until several mon¥Ns
after an atomic bomb exploded over Nagasaki, Japan, that Phys. Rev.
published the paper announcing the discovery of plutonium, the material

Phys. Rev. 69, 367 (1946)
Published April 1, 1946

used in that bomb. Physicist Abraham Pais later called the journal's Search for Spontaneous Fission in 94239
silence on the subject “the most important nonevent in the history of the Joseph W. Kennedy and Arthur C. Wahl
Physical Review.” Phys. Rev. 69, 367 (1946)

. . ) ‘ Published April 1, 1946
In 1940 the Physical Review published the discovery of element 93, the

first element in the periodic table beyond the fissionable element
uranium [1]. Although neptunium—named after Uranus’s neighbor—was
not useful for a bomb, nearly all publication on fission-related work I

ceased shortly thereafter because of security concerns. The Physical (il :\éll:}":j aivl et Vil vl
Review and hundreds of other scientific journals agreed to submit all ’

articles on the topic to a government commitiee.



Element Z=94, Discovered in 1941

Radioactive Element 94 from Deuterons
on Uranium

G. T. SEaBorG, A. C. WaHL, AND J. W. KENNEDY

Department of Chemisiry, Radiation Laboralory, Department of Phvysics
University of California, Berkeley, California

March 7, 1941%

E should like to report a few more results which we

have found regarding the element 94 alpha-
radioactivity formed in the 16-Mev deuteron bombard-
ment of uranium. We sent a first report! of this work in a
Letter to the Editor of January 28, 1941. We have in the
meantime performed more experiments in order to study
the chemical behavior of this alpha-radioactive isotope.
The radioactivity can be precipitated, in what is probably
the +4 valence state, as a fluoride or iodate by using a rare
earth or thorium as carrier material and as a peroxy-
hydrate by using thorium as carrier material. However, in
the presence of the extremely strong oxidizing agent per-
sulfate ion (S:0s—), plus Ag as a catalyst, this radio-
active isotope is oxidized to a higher valence state which
does not precipitate as a fluoride. The oxidizing agent
bromate ion (BrOj;™) is not sufficiently powerful to oxidize
it to this higher valence state and hence the radioactivity
comes down as a fluoride even in the presence of bromate




Element Z=94, Published in 1946

THE EDITOR 367

ion. With the help of persulfate ion it has been possible
to separate quantitatively this radioactivity from thorium,
by using the beta-active UX,; as an indicator for thorium.
These experiments make it extremely probable that this
alpha-radioactivity is due to an isotope of element 94.
The experiments are being continued.

* This letter was received for publication on the date indicated but
was voluntarily withheld from publication until the end of the war.

1G. T. Seaborg, E. M. McMillan, J. W. Kennedy and A. C. Wahl,
Phys. Rev. 69, 366 (1946).
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The Nobel Prize in Chemistry 1934

Harold Clayton Urey

Prize share:

"for his discovery of heavy
hydrogen".

Photos: Copyright © The Nobel Foundation



Year of discovery (1896-1996)

PRODUCTION OF SUPERHEAVY ELEMENTS 413

1 '; { ! l‘ L I v I* ! ) 6 1 0 ¥ '* 1 i 1 v 1 " I T )
3.1896 181 1932 16.7.1945 1966 8.2.1996
354 Paris Cambridge Cambridge Alamogordo Lysekil Darmstadt A
Radioactivity Nucleus Neutron  2*Pyu-bomb  superheavy element 112
elements

(%]
?

cold fusion (6)
Db (1974~ 2

Rf
No,Lr hot fusion (5}
(1955-1974) i

Ny
L{?
&L

o
1

Am.Cm

Pu
AtNp

g

np,d,a-capture (12}
(1934-1955)

number of known radioactive elements
N
P £

primordial elements (8)

U,Th (1896-1939)

L) s L] 1 i ¥ v v l ¥ L T T T L] T
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1980 2000 2010 2020
year of discovery
Figure 1 A century of radioactive elements. The number of known radioactive elements

as function of time, starting in February 1896 with the discovery of radioactivity in U
minerals (1) and ending in February 1996 with the synthesis of element 112 (2).
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TomHIfr 441

Z=101, Md, Mendelevium. (Berkeley).

Z=102, No. Nobelium (Berkeley +Nobel)
Z=103, Lr, Lawrencium. (Berkeley)

Z=104, Rf, Rutherfordium. (Berkeley;Dubna) ?

Z=105, Db, Dubnium (Dubna;Berkeley) ?
Z=106, Sg, Seaborgium. (Dubna;Berkeley) ?
Z=107, Bh, Bohrium (Dubna)

Z=108, Hs, Hassium (GSI; Dubna) ??7?

Z=109, Mt, Meitnerium (GSI)
Z=110, Ds, Darmstadium.... (GSI)



Tom AN 442

Z=111, Rg, Roentgenium (GSI)
Z=112, Cn, Copernicium (GSI)
Z=114, Fl, Flerovium (Dubna; Livermore)

Z=116, Lv, Livermorium (Dubna; Livermore)



New elements Z=114 and Z=116 (Dubna)

9.21 MeV
10.3s

30.1 mm

SF

9.87 MeV
0.77 s
30.6 mm

284”2

A,

221 MeV (156+65)

143s
30.6 mm

b) Prominent decay chains

in the reaction **Pu + #¥Ca>?? 114"

Beam dose: 1.1 -1019

4n * 2 an frgy %
288114 2114 S50 Mey %8114 I— 114 I
S 458s
.2 mm
a, 11.8 mm oy
250171
9.13 MeV
18.0s
11.4 mm o,
SF
213 MeV (171+42)
74s
11.5 mm

June 25, 1999 05:39

Oct. 28, 1999 22:24

11.7 mm

a) Prominent decay chain

in the reaction 2*Cm + *Ca~>?*116"

Beam dose: 0.6510"°

10.56 MeV
46.9 ms 57:8imn
27.9 mm o ‘

4n *
292116 296116 I

288
9.81 MeV 114
242
28.3 mm

A,

9.09%0.46 MeV,
53.9s

The beam was
switched off
SF
197 MeV (195+2)
69s
28.5 mm

July 19, 2000 01:21

Yuri Oganessian FLNR (JINR) Dubna, July 2000



natur e International weekly journal of science
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2. Summary of New Results

The elements Z=110-112 were produced at GSI, Hofmann,
Muenzenberg.... Z. Phys. A, 1994 -1996.

Z=114 was synthesized at Dubna by Oganessian et al.
Nature, 1999; PRL,1999; PRC, 2000s...

Z=115 ---118 were produced at Dubna in 2000s—2010s.
Oganessian et al, PRC, PRL....

7Z=113, RIKEN: #1% 2 : Lanzhou: 265107....
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Eur. Phys. J. A 20, 385-387 (2004)

7 K S K558 (Z=107), 2

THE EUROPEAN
PHYSICAL JOURNAL A

Letter

New isotope 2°*Bh

7.G. Gan'®*, J.S. Guo!, X.L. Wu!, Z. Qin!, HM. Fan', X.G. Lei', H.Y. Liu!, B. Guo!, H.G. Xu!, R.F. Chen!,
C.F. Dong', F.M. Zhang', H.L. Wang!, C.Y. Xie', Z.Q. Feng!, Y. Zhen!, L.T. Song’, P. Luo', H.S. Xu', X.H. Zhou!,
G.M. Jin!, and Zhongzhou Ren?

! Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, PRC
2 Department of Physics, Nanjing University, Nanjing 210008, PRC

2658 ) SEI 4 R 5B TS —B([12,13] The derived

Q,, from the measured a energy for 2°°Bh was 9.38 MeV.,
which was in agreement with the expected (), value by
Zhongzhou Ren et al. [12,13]. The experimental half-life
of #*Bh also agrees with the calculations [13] 779 = 2.6



[ P9 387 4% & 256 205Ac (Z=89), 22

PHYSICAL REVIEW C 89, 014308 (2014)

. . 205
o decay of the new neutron-deficient isotope **Ac

Z.Y. Zhang (5k&im).! Z. G. Gan (HFE)."" L. Ma (Z).2° L. Yu (BF#£)."2 H. B. Yang (1 1E4H2), 123
T. H. Huang (B X£5).! G. S. Li (2= Ii).! Y. L. Tian (FH EH#)." Y. S. Wang (F746).! X, X. Xu (F#H£).
X. L. Wu (2157%).! M. H. Huang GEBI#)." C. Luo (B 1%).! Z. Z. Ren UEHH).57 S. G. Zhou (A FE ),
X. H. Zhou (F/M41),' H. S. Xu (£:3H1)." and G. Q. Xiao (H EH#)!
Key Laboratory of High Precision Nuclear Spectroscopy and Center for Nuclear Matter Science, Institute of Modern Physics,
Chinese Academy of Sciences, Lanzhou 730000, China
2University of Chinese Academy of Sciences, Beijing 100049, China
*School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
*China Institute of Atomic Energy, Beijing 102413, China
SNishina Center for Accelerator-Based Science, RIKEN, Wako, Saitama 351-0198, Japan
®Department of Physics, Nanjing University, Nanjing 210093, China
"Center of Theoretical Nuclear Physics, National Laboratory of Heavy-Ion Accelerator, Lanzhou 730000, China
8State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China
(Received 1 December 2013; published 13 January 2014)

The new neutron-deficient isotope 2° Ac was synthesized in the complete-fusion reaction '**Tm(*’Ca, 4n)** Ac.
The evaporation residues were separated in-flight by the gas-filled recoil separator SHANS in Lanzhou and
subsequently identified by the - position and time correlation method. The «-decay energy and half-life of
205 Ac were determined to be 7.935(30) MeV and 20%" ms, respectively. Previously reported decay properties of
the ground state in 2*Ac were confirmed.



PRC2014: new nuclide 205Ac

In Refs. [16,17], a new version of the Geiger-Nuttall law
including the quantum numbers of «-core relative motion was
proposed, which reproduces the «-decay half-lives of heavy
nucletwith N < 126 very well. In Fig. 3(b), acalculation using
this law 1s carried out for the favored w-decay transitions,
and the results are compared with experimental values. The
calculated 15-ms half-life of 2% Ac is in good agreement with
the value measured 1n the present experiment.

The calculated half-life (15 ms) with new Geiger-Nuttall
law [16,17] agrees well with measured data (20 *°7 jms).

[16] Yuejiao Ren and Zhongzhou Ren, Phys. Rev. C 85, 044608
(2012).

[17] Yuejiao Ren and Zhongzhou Ren, Nucl. Sci. Tech. 24, 050518
(2013), http://www.j.sinap.ac.cn/nst/EN/Y2013/V24/15/50518.



New isotope 2°U: identified by alpha decay chain:
Ma, Zhang, Gan,..,Ren, Zhou,..PRC 91 (2015) 051302

PHYSICAL REVIEW C 91, 051302(R) (2015) RAPID COMMUNICATIONS

a-decay properties of the new isotope *'°U

L. Ma (57JE),!23 Z. Y. Zhang (5K:E0),! Z. G. Gan (H#7[E)."" H. B. Yang (#EH2).12° L. Yu (BFH).2 1. Jiang (ZEA1).!
J. G. Wang (&), Y. L. Ti an (M H). Y. S. Wang (T k4E)." S. Guo (3544).! B. Ding (] 1%).! Z. Z. Ren ({TH ).
S. G. Zhou (JEFE$).>° X. H. Zhou (/M D). H. S, Xu (&I, and G. Q. Xiao (Y H)!

The new neutron-deficient isotope *'°U was produced in the complete-fusion reaction "™'W(*Ar 4n)*'°U.
The evaporation residues were separated from the primary beam in flight by the gas-filled recoil separator
Spectrometer for Heavy Atoms and Nuclear Structure. The activities have been identified by the o-« [J[‘rﬁiliﬂr]
and time correlation measurements. Two a-decaying states with E, = 8384(30) keV, T, = 4. ?2*4 57 ms for
the ground state and E,, = 10582(30) keV, Ty, = 0.74%;55 ms for an isomeric state were identified in *'°UJ.

2021/7/8



3. theory.

J. A. Wheeler et al, 1950s: Superheavy nuclel
P.R., 1958.

Bethe and his collaborator, PRL, 1967.

1960s-1980s, macroscopic-microscopic model
(MM): Nilsson et al, Z=114 and N=184 ?

Moeller, Nix, Kratz, At. Dat. Nu. Dat. 1997.
Myers and Swiatecki, PRC, 1998.



Werner and Wheeler, PR, 1958:
superheavy nuclel

PHYSICAL REVIEW | - VOLUME 109, NUMBER |
Superheavy Nuclei

FrepErICK G. WERNER AND JoHN A. WHEELER
Palmer Physical Laboratory, Princeton University, Princeton, New Jersey

(Received August 19, 1957)

The semiempirical mass formula and other data previously extrapolated by one of us indicated possible
existence of nuclei with mass values up to twice the largest now known. Here this mass region is further
explored. Extrapolations are revised and the properties of such superheavy nuclei are estimated in more
detail. Despite Z values substantially higher than 137, the K electrons behave perfectly normally because
of the finite extension of the nucleus. Vacuum polarization and vacuum fluctuations are roughly estimated
to make relatively minor alterations in the K electron binding—which exceeds mc2 The effect of nuclear
attraction in speeding up beta decay is calculated approximately. Calculated beta lives are never much less
than 10~ sec. Beta decay energies and neutron binding energies are calculated from the semiempirical mass
formula. Fission barriers and cross sections for the (n,y) process are estimated. Branching ratios in beta
decay are calculated for the processes of simple beta decay and for “‘delayed” neutron emission and ‘‘delayed”
fission. The latter quantity sets an irreducible minimum to the losses that occur in the process of buildup
under even the heaviest neutron flux. The calculated fractional yield of nuclei which reach Z=147, 4 =500
is >0.05. Under a lower flux the losses are greater. All stability calculations in this paper depend upon sub-
stantial extrapolations, with complete disregard of shell effects and other particularities that may be important,
and therefore can be completely in error. Conversely, observation of existence or absence of superheavy nuclei
with lives less than a second should test stringently the semiempirical mass formula and the semiempirical
estimates of spontaneous fission barriers.



Siemens and Bethe: nuclei with Z>104 are prolate

VoLUME 18, NuMBER 17 PHYSICAL REVIEW LETTERS 24 ApriL 1967

SHAPE OF HEAVY NUCLEI*

Philip J. Siemens} and H, A, Bethe

Laboratory of Nuclear Studies, Cornell University, Ithaca, New York
(Received 10 March 1967)

cal mass formula. The configurations inves-
tigated were a spherical shell, and oblate and
prolate spheroids., It was found that, for beta-
stable nuclei with more than 104 protons, the
most energetically favorable configuration is
a prolate spheroid.



3. Theory ( SHF and RMF 1990...)

Macroscopic—Microscopic Model (MM model)
Various Mass Formulas and Mass Model
Nonrelativistic Many-body Theory (SHF...)

Relativistic many-body theory (RMF model...)
Nuclear many-body problem: A=4--300
Strong: meson exchanges; Coulomb: photons...
Coupled Dirac-Eqgs. and Klein-Gordon Egs.
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Fig. 3 Theoretical and experimental alpha decay energies
for GSI Data: Z=110, 111, 112 ( +2, +1, 0 shift).

Theoretical and experimental alpha decay energies (GSI)
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"able 1, RMF results for Cf. (TMA and NLZ2)

Nuclel | By, (1) |Beta, |By.(2) |Beta, |B.,(Mev)
244Cf 1832.9 0.26 |1829.7 |0.31 1831.3
245Cf | 1846.3 0.27 |1843.1 |0.31 |1844.8
248Cf  11859.0 0.26 [1855.5 |0.31 |1857.8
>0Cf  |1871.0 0.26 |1866.9 |0.31 |1870.0
22Cf  |1882.4 0.26 |1877.8 |0.31 |1881.3
24Cf 1892.9 0.25 [1888.5 [0.30 [1892.1

Experimental deformation Beta,=0.30 for 2°92>2Cf




Table 2, RMF results for No. (TMA and NLZ2)

Nuclei |By. (1) |Beta, |By.(2) |Beta, |B.,(Mev)

%2No |1873.2 |0.26 [1870.7 |0.31 |1871.3

%4No  |1887.2  |0.27 |1884.1 |0.31 |18856

2%6No  |1900.7 |0.27 |1897.0 |0.31 |1898.6

258N0 1912.9 0.27 ]1909.6 |0.30 1911.1aud

260No 1924.6 0.26 |1921.7 |0.30 1923.1audi

62No 1935.8 0.21 |1933.1 |0.29 1934.7aud

Experimental deformation Beta,=0.27 for 2>No



Oganessian et al,
P RC72 2005 IPHYSICAL REVIEW C 72. 034611 (2005)

Synthesis of elements 115 and 113 in the reaction **Am + *Ca

Yu. Ts. Oganessian, V. K. Utyonkov, S. N. Dmitriev, Yu. V. Lobanov, M. G. Itkis, A. N. Polyakov, Yu. S. Tsyganov,
A.N. Mezentsev, A. V. Yeremin, A. A. Voinov, E. A. Sokol, G. G. Gulbekian, S. L. Bogomolov, S. Iliev, V. G. Subbotin,
A. M. Sukhov, G. V. Buklanov, S. V. Shishkin, V. L. Chepygin, G. K. Vostokin, N. V. Aksenov, M. Hussonnois, K. Subotic, and
V. 1. Zagrebaev
Joiat Institute for Nuclear Research, RU-141980 Dubna, Russian Federation

K.J. Moody, J. B. Patin, J. F. Wild, M. A. Stoyer, N. J. Stoyer, D. A. Shaughnessy. J. M. Kenneally, P. A. Wilk, and
R. W. Lougheed
University of California, Lawrence Livermore National Laboratory, Livermore, California 94551, USA

H. W, Giiggeler, D. Schumann, H. Bruchertseifer. and R. Eichler
Paul Scherrer Institute, Villigen CH-5232, Switzerland
(Received 21 March 2005; published 29 September 2005)

. . c s : 243 ; .

The results of two experiments designed to synthesize element 115 isotopes in the 3 Am + **Ca reaction are
presented. Two new elements with atomic numbers 113 and 115 were observed for the first ime. With 248-MeV
By nroiectiles. we observed three similar decar ~haine snmoictine af Gua mancasitiva s dasave all Aatantad

In our experiments, e-decay properties proposed by the
MM nuclear model [6,7] were used for setting the initial
experimental parameters. One should note that the predictions
of other models within the Skyrme-Hartree-Fock-Bogoliubov
(SHFB) and the relativistic mean-field (RMF) approaches

, » ' (M (\L/ ‘ I with the MM results (see, e.g.. [12.13]).
[13] Z, Ren et al, Phys, Rev. C 67, 064302 (2003),  Uitortnatety. cteuttion of the probabity of sontancots

o

A

fission and electron capture for odd nuclei are rather scarce.



considerable merease 1 1.

Oganessian et al, PRC72 2005

V. DISCUSSION

The experimental ¢.-decay energies Qf,"p of the synthesized
isotopes and previously known odd-Z nuclei with Z 2 103 are
plotted in Fig. 9(a). The Qf,w of even-Z nuclel, including those
produced in our experiments [1.2,20], are plotted in Fig. 9(b)
for comparison. The «-decay energies attributed to the isotopes
of Mt and Bh coincide well with theoretical values |7, also
plotted in the figures. The same can be seen for the last nucler
in the decay chain ™*Hs — "' Sg — *"Rf.

The trend of the Q,(N) systematics predicted by the MM
model [6,7] and confirmed by experimental data for odd-Z

Or (e new fieavier 1ISotopes =

[54] Z. Ren. Phys. Rev. C 65, 051304(R) (2002).

133] S. Das and G. Gangopadhyay, J. Phys. G 30, 957 (2004),
156] Z. Ren et al., Phys. Rev. C 67, 064302 (2003).

A2

For the isotopes *™#"Rg and 113 the difference
between theoretical and experimental Q, values is (.6-
0.9 MeV. Some part of this energy can be accounted for by
y-ray emission from excited levels populated during e decay.
For the even-Z nuclei as well, the agreement between theory
and experiment becomes somewhat worse as one moves from
the deformed nuclei in the vienity of neutron shells N = 152
and N = 162 to the more neutron-rich nuclides with N > 169,
In this region, experimentally measured values of 0, are less
than the values calculated from the model by <05 MeV,
Although the predicted O, values for the heaviest nuclei
observed in our experiments are systematically larger than
the experimental data as a whole, the trends of the predictions
are in good agreement for the 23 nuclides with Z = 106-118
and N = 165-177, especially considering that the theoretical
predictions of the MM model match the experimental data over
a broad previously unexplored region of nuclides,

One should note that the predictions of other models
for even-Z and odd-Z nuclei within the Skyrme-Hartree-
Fock-Bogoliubov [12.49-51] and the relativistic mean-field
[13,52-57] methods also compare well with the experimental
results. These models predict the same spherical neutron shell
at N = 184, but different proton shells, Z = [14 (MM) and
Z = 120, 124, or 126 (SHEB, RMF). vet all describe the
experimental data equally well. Such insensitivity with respect

034611-12



15. Ren, Z. Shape coexistence in even-even
superheavy nuclei. Phys. Rev. C65, 051304 (2002)

Cited: shape coexistence, Ref. [15]

Na.tu I'e, 433 (2005) 705 review article

Shape coexistence and triaxiality in the
superheavy nuclei

S. Cwiok'*, P.-H. Heenen® & W. Nazarewicz™ "~

Mnstitute of Physics, Warsaw University of Technology, ul. Koszykowa 75, PL-00662, Warsaw, Poland
“Service de Physigue Nucléaire Théorigue, Université Libre de Bruxelles, CP 229, B-1050 Brussels, Belgium
“Deepartment of Physics and Astronomy, The University of Tennessee, Knoxville, Tennessee 37996, USA
*Physics Division, Oak Ridge National Laboratory, PO Bax 2008, Oak Ridge, Tennessee 37831, USA
“Institute of Theoretical Physics, Warsaw University, ul. Hoza 69, PL-DO681, Warsaw, Poland

* Dheceased

Superheavy nuclei represent the limitof nuclear mass and charge; they inhabit the remote corner of the nuclear landscape, whose
extentis unknown. The discovery of new elements with atomic numbers Z = 110 has brought much excitement to the atomic and
nuclear physics communities. The existence of such heavy nuclei hangs on a subtie balance between the attractive nuclear force
and the disruptive Coulomb repulsion between protons that favours fission. Here we model the interplay between these forces
using self-consistent energy density functional theory; our approach accounts for spontaneous breaking of spherical symmetry
through the nuclear Jahn—Teller effect. We predict that the long-lived superheavy elements can exist in a variety of shapes,
including spherical, axial and triaxial configurations. In some cases, we anticipate the existence of metastable states and shape
isomers that can affect decay properties and hence nuclear half-lives.
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Shape coexistence and triaxiality in the
superheavy nuclei

S. Gwiok'*, P.-H. Heenen’ & W. Nazarewicz’*°

'Tnstitute of Physics, Warsaw University of Technology, ul. Koszykowa 75, PL-00662, Warsaw, Poland
*Service de Physique Nucléaire Théorique, Université Libre de Bruxelles, CP 229, B-1050 Brussels, Belgium
*Department of Physics and Astronomy, The University of Tennessee, Knoxville, Tennessee 37996, USA
4I’hys£cs Division, Oak Ridge National Laboratory, PO Box 2008, Oak Ridge, Tennessee 37831, USA
*Institute of Theoretical Physics, Warsaw University, ul. Hoza 69, PL-00681, Warsaw, Poland

15. Ren, Z. Shape coexistence in even-even superheavy nuclei.

BATRY THEZEFRRAFAR, ERGNEENNR. X2 T
fENatureZRs EARIISTAXESIH, HRd0E H SBRATHIE H R1U,

BT A FW R -

PHYSICAL REVIEW C, VOLUME 65, 051304(R)

Shape coexistence in even-even superheavy nuclei

Zhongzhou Ren
Department of Physics, Nanjing University, Nanjing 210008, People s Republic of China
and Center of Theoretical Nuclear Physics, Institute of Modern Physics, Lanzhou 730000, China




Ac

TEAKE, &

IBTS: 26107 Q,and T,

Z.Renetal, PRC 67 (2003) 064302;
JNRS 3 (2002) 195.

AX B Beta, |Beta, | Q, T,
(MeV) (MeV) | (second)
269109 1960.17 |0.22 0.23 10.21 |0.069
265107 1942.08 |0.23 0.24 9.41 2.56
261105 1923.19 |0.26 0.26 9.14 3.33
257103 1904.03 |0.26 0.27 8.12 1.28*103

Expt: Gan et al, EPJA 2004, Q,=9.38 , T,=0.94 s.
Good agreement between theory and data.




& N B R L% 265Bh (Z=107)

THE EUROPEAN
PHYSICAL JOURNAL A

Eur. Phys. J. A 20, 385-387 (2004)

Letter

New isotope 2°*Bh

7.G. Gan'®*, J.S. Guo!, X.L. Wu!, Z. Qin!, HM. Fan', X.G. Lei', H.Y. Liu!, B. Guo!, H.G. Xu!, R.F. Chen!,
C.F. Dong', F.M. Zhang', H.L. Wang!, C.Y. Xie', Z.Q. Feng!, Y. Zhen!, L.T. Song’, P. Luo', H.S. Xu', X.H. Zhou!,
G.M. Jin!, and Zhongzhou Ren?

! Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, PRC
2 Department of Physics, Nanjing University, Nanjing 210008, PRC

265BhEI A R S5H WS —8[12,13]  The derived

Q,, from the measured a energy for 2°°Bh was 9.38 MeV.,
which was in agreement with the expected (), value by
Zhongzhou Ren et al. [12,13]. The experimental half-life
of #*Bh also agrees with the calculations [13] 779 = 2.6



4. Synthesis of new element Z=118

1). 2002, Dubna: D7-2002-287. EXp.

2). PRC69, 2004 (May).
3). PRC70, 2004 (Dec.).

4). Phys. Scrt. 2006 (June)

5). PRC 74, 2006 (October).
Publication



Oganessian PRC69 (2004): Z=118

PHYSICAL REVIEW C 69, 054607 (2004)

Measurements of cross sections for the fusion-evaporation reactions 2*Pu(**Ca,xn)****114 and
245Cm(48Ca,xn)293""116

Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S. Tsyganov,
G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A. A. Voinov,
G. V. Buklanov, K. Subotic, V. I. Zagrebaev, and M. G. Itkis
Joint Institute for Nuclear Research, 141980 Dubna, Russian Federation

J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N. J. Stoyer, D. A. Shaughnessy, J. M. Kenneally, and R. W. Lougheed
University of California, Lawrence Livermore National Laboratory, Livermore, California 94551, USA
(Received 1 December 2003; published 17 May 2004)

We have studied the excitation functions of the reactions **Pu(**Ca,xn). Maximum cross sections for the
evaporation of 35 neutrons in the complete-fusion reaction >**Pu+*%Ca were measured to be o3,=2 pb, oy,
=5 pb, and o5,=1 pb. The decay properties of 3n-evaporation product >*°114, in the decay chains observed at
low **Ca energy coincide well with those previously observed in the ***Pu+*Ca and 2**Cm+*3Ca reactions
and assigned to 2**114. Two isotopes of element 114 and their descendant nuclei were identified for the first
time at higher bombarding energies: **114 (£,=9.95 MeV, 7,,=0.6 s) and *"114 (E,=10.04 MeV, T},
=1 s). We also report on the observation of new isotopes of element 116, 221116, produced in the ***Cm
+4%Ca reaction with cross sections of about 1 pb. A discussion of self-consistent interpretations of all observed
decay chains originating at Z=118, 116, and 114 is presented.




Oganessian PRC69 (2004): Z=118

B. Synthesis of Z=116 nuclei in the reaction **Cm+*Ca

This experiment was designed to mvestigate the radioac-
tive properties of the 1sotopes of element 116, the a-decay
daughters of Z=118 1sotopes produced 1 the reaction
PCF+%Ca [3].

[3] Yu.. Ts Oganessian ef al., INR Communication D7-2002-287,
2002; Lawrence Livermore National Laboratory Report,
UCRL-ID-151619, 2003.
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Tracking Nuclei on the Move

25 October 2006
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Various shapes of superheavy nuclel

« Old picture: Spherical. Z=114 and N=184.

« Prof. Greiner: Fullerene (Buckyball, °°C).
(sixty alpha particles for Z=120)

» Other idea: American football . (Isomers)
( shape coexistence or superdeformation).

« Which shape do you prefer ?



Superheavy nuclel: American
football; round ball; Soccer (®°C)




A

IR Z=1227? (2008. 04)

Evidence for a long-lived superheavy nucleus with atomic
mass number A = 292 and atomic number Z = 122 in natural
Th

A. Marinov', I. Rodushkin®, D. Kolb’, A. Pape4,_ Y. Kashiv', R. Brandt’, R.V. Gentry6 &
HL.W. Miller’
'Racah Institute of Physics, The Hebrew University of Jerusalem, Jerusalem 91904, Israel
Evidence for the existence of a superheavy nucleus with atomic mass number
A=292 and abundance (1-10)x10™"? relative to ***Th has been found in a study of natural
Th using inductively coupled plasma-sector field mass spectrometry. The measured
mass matches the predictions'” for the mass of an isotope with atomic number Z=122 or
a nearby element. Its estimated half-life of t,, >10° y suggests that a long-lived isomeric
state exists in this isotope. The possibility that it might belong to a new class of long-lived

. . . . . - 3_
high spin super- and hyperdeformed isomeric states is discussed.’”



Possible New Element Could Rewrite Textbooks

Tuesday, April 29, 2008
FOX NEWS

E-Mail Print

Share: QP & F

An international team of researchers may, just may, have made a radical breakthrough that
could rewrite physics and chemistry textbooks.

They claim to have discovered a naturally occurring element with an atomic number (number of protons)
of 122 — 30 notches on the penodic table ahead of uranium, long considered the heaviest naturally
occurring element.

For decades, physicists have been making artificial elements in supercolliders, only to see most of
their creations disintegrate within a short time.

Most elements above atomic number 100 are inherently unstable and get progressively more usntable
as you travel upward. The highest discovered one, ununoctium or atomic number 118, has a half-life of
89 milliseconds.

+* Click here to visit FOXNews.com's Natural Science Center.

But according to theory, there exists an "island of stability” further out along the periodic table where
certain configurations of protons and neutrons would create superheavy but also superstable elements.

RELATED So a team led by Amnon Marinov of the Hebrew University of
Jerusalem took a different approach. They figured that if
STORIES superheavy, superstable elements really are possible, then they

= Earth Gives Off Mysterious Low ought to already exist in nature.



Synthesis of the 117t element, PRL

|8 Selected for a Viewpoint in Physics ——
PRL 104, 142502 (2010) PHYSICAL REVIEW LETTERS 9 APRIL 2010

S

Synthesis of a New Element with Atomic Number Z = 117

Yu. Ts. Oganessian,"* F.Sh. Abdullin,' P.D. Bailey,” D. E. Benker,” M. E. Bennett,” S. N. Dmitriev,' J.G. Ezold,”
J.H. Hamilton,* R. A. Henderson,” M. G. Itkis," Yu. V. Lobanov," A.N. Mezentsev,' K.J. Moody,” S. L. Nelson,’
A.N. Polyakov,! C.E. Porter,” A. V. Ramayya,* F.D. Riley.” J. B. Roberto,” M. A. Ryabinin.® K. P. Rykaczewski.’
R.N. Sagaidak,' D. A. Shaughnessy.” I. V. Shirokovsky," M. A. Stoyer,” V. G. Subbotin,' R. Sudowe,” A. M. Sukhov,’
Yu.S. Tsyganov,' V.K. Utyonkov," A. A. Voinov,! G. K. Vostokin,' and P. A. Wilk’
'.Ioirit Institute for Nuclear Research, RU-141980 Dubna, Russian Federation
“Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
YUni versity of Nevada Las Vegas, Las Vegas, Nevada 89154, USA
4Departnw.nt of Physics and Astronomy, Vanderbilt University, Nashville, Tennessee 37235, USA
*Lawrence Livemore National Laboratory, Livermore, California 94551, USA

®Research Institute of Atomic Reactors, RU-433510 Dimitrovgrad, Russian Federation
(Received 15 March 2010; published 9 April 2010)

The discovery of a new chemical element with atomic number Z = 117 is reported. The isotopes 23117
and 2*117 were produced in fusion reactions between **Ca and 2*’Bk. Decay chains involving 11 new
nuclei were identified by means of the Dubna gas-filled recoil separator. The measured decay properties
show a strong rise of stability for heavier isotopes with Z = 111, validating the concept of the long sought
island of enhanced stability for superheavy nuclei.



PHYSICAL REVIEW C 87, 024310 (2013)

Nuclear charge radii of heavy and superheavy nuclei from the experimental «-decay
energies and half-lives

Dongdong Ni,""" Zhongzhou Ren."**' Tiekuang Dong.* and Yibin Qian’
! Department of Physics, Nanjing University, Nanjing 210093, China
2Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
*Purple Mountain Observatory, Chinese Academy of Science, Nanjing 210008, China
(Received 10 December 2012 revised manuscript received 18 January 2013; published 13 February 2013)

The radius of a nucleus is one of the important quantities in nuclear physics. Although there are many researches
on ground-state properties of superheavy nuclei, researches on charge radii of superheavy nuclei are rare. In this
article, nuclear root-mean-square (rms) charge radii of heavy and superheavy nuclei are extracted from the
experimental «-decay data. o-decay calculations are performed within the generalized density-dependent cluster
model, where «-decay half-lives are evaluated using quasibound state wave functions. The charge distribution of
daughter nuclei is determined in the double-folding model to reproduce the experimental «v-decay halt-lives. The
rms charge radius is then calculated using the resulting charge distribution. In addition, a simple formula is also

\ He two !1|Ierent metuols SHOW gOO! agreement Wltu tne experlmenta\ !ata |OI‘ even-even nUCLl, an! tne !e!uce!

results are consistent with other theoretical models. Moreover, nuclear radii of heavy and superheavy nuclei with
Z = 98-116 are extracted from the o-decay data, for which « decay is a unique tool to probe nuclear sizes at
present. This is the first result on nuclear charge radii of superheavy nuclei based on the experimental «-decay
data.
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PRC 87 (2013) 054323: Nuclear charge radii from decay data
of cluster and proton emissions

PHYSICAL REVIEW C 87, 054323 (2013)

Attempt to probe nuclear charge radii by cluster and proton emissions

. . N 5 I s ] A + . >}
Yibin Qian,'*" Zhongzhou Ren,"?**1 and Dongdong Ni'+
! Department of Physics, Nanjing University, Nanjing 210093, China
2Joint Center of Nuclear Science and Technology, Nanjing University, Nanjing 210093, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
4Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
(Received 19 April 2013; published 20 May 2013)

We deduce the rms nuclear charge radii for ground states of light and medium-mass nuclei from experimental
data of cluster radioactivity and proton emission in a unified framework. On the basis of the density-dependent
cluster model, the calculated decay half-lives are obtained within the modified two-potential approach. The
charge distribution of emitted clusters in the cluster decay and that of daughter nuclei in the proton emission
are determined to correspondingly reproduce the experimental half-lives within the folding model. The obtained
charge distribution is then employed to give the rms charge radius of the studied nuclei. Satisfactory agreement
between theory and experiment is achieved for available experimental data, and the present results are found to
be consistent with theoretical estimations. This study is expected to be helpful in the future detection of nuclear
sizes, especially for these exotic nuclei near the proton dripline.
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PRC 89 (2014) 024318: Nuclear charge radii of superheavy odd-
mass and odd-odd nuclei from a-decay data

PHYSICAL REVIEW C 89, 024318 (2014)

Tentative probe into the nuclear charge radii of superheavy odd-mass and odd-odd nuclei

Yibin Qian,"?" Zhongzhou Ren,">**T and Dongdong Ni'-?
'Key Laboratory of Modern Acoustics and Department of Physics, Nanjing University, Nanjing 210093, China
2Joint Center of Nuclear Science and Technology, Nanjing University, Nanjing 210093, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
(Received 12 December 2013; revised manuscript received 20 January 2014; published 26 February 2014)

The root-mean-square (rms) nuclear charge radii of superheavy odd-A and odd-odd nuclei are tentatively
pursued by the deduction of experimental e decay data. The framework of calculating « decay half-lives is
constructed via the combination of the improved two-potential approach with the density-dependent cluster
model. In this procedure, the charge distribution of daughter nuclei is determined to exactly reproduce the
measured a decay half-lives. Next, the rms charge radius of daughter nuclei is obtained by using the corresponding
charge distribution. For comparison, the previously proposed formula of our group is employed to estimate the
rms charge radii as well. Besides the reasonable agreement between the extracted nuclear charge radii and the
available experimental values, the nuclear radii of heaviest odd-A and odd-odd nuclei are extracted from the «
decay energies and half-lives. This can be considered as an effective attempt in terms of the nuclear size in the
superheavy mass region.
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Qian and Ren, PLB 738 (2014) 87-91:
Half-lives of a-decay from superheavy elements

Physics Letters B 738 (2014) §7-91

Contents lists available at ScienceDirect

PHYSICS LETTERS B

i Physics Letters B

4 e P
F1.SEVIER www.elsevier.com/locate/physletb

Half-lives of @ decay from natural nuclides and from superheavy @Cmm
elements

Yibin Qian®P*, Zhongzhou RenP-¢.d-*

1 Key Laboratory of Modern Acoustics and Deparmment of Physics, Nonjing University, Nenjing 210093, China
" foint Center of Mudleer Science end Technology, Nanjing University, Nonjing 210093, China

E Kavli Institute for Theoretical Physics Ching Beijing 100190 Ching

U Center of Theoretical Nudear Physics, National Leboratory of Heavy-lon Accelerator, Lanzhou 730000, Ching
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Physics Letters B 777 (2018) 298-302

Contents lists available at ScienceDirect
PHYSICS LETTERS B

Physics Letters B

- - FR www.elsevier.com/locate/physletb

New insight into « clustering of heavy nuclei via their o decay M

Check for
| updates

Yibin Qian ®"*, Zhongzhou Ren &** |

2 Department of Applied Physics, Nanjing University of Science and Technology, Nanjing 210094, China
b School of Physics, Nanjing University, Nanjing 210093, China
¢ School of Physics Science and Engineering, Tongji University, Shanghai 200092, China

Physics Letters B 786 (2018) 5-10

Contents lists available at ScienceDirect
PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

Cluster-daughter overlap as a new probe of alpha-cluster formation in N
medium-mass and heavy even-even nuclei g

Dong Bai?, Zhongzhou Ren ™*

2 School of Physics, Nanjing University, Nanjing, 210093, China
b School of Physics Science and Engineering, Tongji University, Shanghai, 200092, China
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PHYSICAL REVIEW LETTERS 122, 192503 (2019)

Editors' Suggestion

New Isotope 2*’Np: Probing the Robustness of the N =126 Shell Closure in Neptunium

Z.Y. Zhang (3K#&ix),"* Z. G. Gan (HE),"*" H.B. Yang (##E4),' L. Ma (%), M. H. Huang (¥ W]#%),"
C.L. Yang (#%#0),"* M. M. Zhang (7K B18),"* Y. L. Tian (H E#£),"* Y. S. Wang (Iﬂii) 1,23
M. D. Sun (M), H. Y. Lu (7 3EE6),"* W. Q. Zhang (3K 3C#),"” H. B. Zhou (JHJ£1%),* X. Wang (azﬂa)
C.G. Wu (i=6),” L. M. Duan (BtFIfH0),"* W. X. Huang (¥ 3C%%),"* Z. Liu (Xi0),"* Z. Z. Ren (fEH#),°
S. G. Zhou (3% 51),”® X. H. Zhou (H/J\QI) 2 H.S. Xu (@%Eﬁ%),l’z Yu. S. Tsyganov,’
A. A. Voinov,” and A.N. Polyakov
'cAS Key Laboratory of High Precision Nuclear Spectroscopy, Institute of Modern Physics,
Chinese Academy of Sciences, Lanzhou 730000, China
%School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China
3School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
Guangxl Key Laboratory of Nuclear Physics and Technology, Guangxi Normal University, Guilin 541004, China
SState Key Labammry of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 1 00871 China
SSchool of Physics Science and Engineering, Tongji University, Shanghai 200092, China F' IK ?
"CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, Bebjing o~C
SCenter of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
% Joint Institute for Nuclear Research, RU-141980 Dubna, Russian Federation

M (Received 9 January 2019; revised manuscript received 10 April 2019; published 16 May 2019)
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PHYSICAL REVIEW LETTERS 125, 032502 (2020)

Short-Lived a-Emitting Isotope 2?>Np and the Stability of the N =126 Magic Shell

L. Ma (5 %)®,' Z.Y. Zhang (FK&EZ)®,">" Z.G. Gan (HEE),"? X. H. Zhou (JA/ML),"*" H.B. Yang (F4E#),!
M. H. Huang (ﬁf H#%)e,! C. L. Yang (Jl%%%ﬁ),l M. M. Zhang (3K B Eﬂﬂ),“ Y. L. Tian ( Eﬂiﬁﬁ),l Y. S. Wang (E 7k 4), 123
H. B. Zhou (A/E£%),* X. T. He (3 H¥),> Y. C. Mao (E¥E)®,° W. Hua (#84%),” L. M. Duan (E%U@t),l’z
W. X. Huang (¥3X%)®,"* Z. Liu (X ), X. X. Xu (T;%%:?E) 127 Z. Ren (ﬁ‘:EF'?}II)

S.G. Zhou (J3 )0, 101112 and H.S. Xu (315" AT ,::@),H
lcas Key Laboratory of Htgh Precision Nuclear Spectroscopy,
Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
2School of Nuc!ear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China
3School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
Guangxz Key Laboratory of Nuclear Physics and Technology, Guangxi Normal University, Guilin 541004, China
CoHege of Material Saence and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China
Department of Physics, Liaoning Normal University, Dalian 116029, China
"Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-Sen University, Zhuhai 519082, China
8School of Physics Science and Efgﬁ?ering, Ton&ji University, Shanghai 200092, China Iﬁ'ﬁi %
"CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
" Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator, Lanzhou 730000, China
leynergetic Innovation Center for Quantum Effects and Application, Hunan Normal University, Changsha 410081, China

M (Received 8 May 2020; revised 22 June 2020; accepted 26 June 2020; published 13 July 2020)
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PHYSICAL REVIEW C 101, 054310 (2020)

Theoretical studies on c-decay half-lives of N = 125, 126, and 127 isotones

Zhen Wang ©,' Zhongzhou Ren,"-*" and Dong Bai ®'
1School of Physics Science and Engineering, Tongji University, Shanghai 200092, China
2Key Laboratory of Advanced Micro-Structure Materials, Ministry of Education, Shanghai 200092, China

® (Received 14 January 2020; revised manuscript received 30 March 2020; accepted 27 April 2020;
published 15 May 2020)

The o decays of exotic N = 125, 126, and 127 isotones, including two new isotopes *'’Np [Phys. Lett. B
777, 212 (2018)] and **°Np [Phys. Rev. Lett. 122, 192503 (2019)], are studied by using the improved Buck-
Merchant-Perez cluster model with the charge-dependent «-preformation factors. The experimental half-lives
of a decays varying from 2.50 x 107> to 6.00 x 10% s are reproduced within a factor of ~2. Noticeably, the
theoretical a-decay half-lives of the new isotopes *'****Np are also in good agreement with the experimental
data. Furthermore, the a-decay half-lives of some undiscovered N = 125, 126 and 127 isotones are predicted,
which could be useful for future experimental studies on the robustness of the magic number N = 126.
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a decay to a doubly magic core in the quartetting wave
function approach

Shuo Yang, Chang Xu, Gerd Ropke, Peter Schuck, Zhongzhou Ren, Yasuro Funaki, Hisashi
Horiuchi, Akihiro Tohsaki, Taiichi Yamada, and Bo Zhou

Phys. Rev. C 101, 024316 (2020) — Published 28 February 2020

s I'D Py E This microscopic calculation for the a decay of heavy nuclei
= .. e
gsf[selee 2] provides a solution to what has long been an outstanding
5.20 E(TPo)
2 e roblem. In the authors’ model, the a particle exists only below
5“25 o ,,‘,n.pb L . . . p . y
R R W about one-fifth of saturation density, corresponding to a large

radius, inside of which the « particle transitions into an unbound
four-nucleon shell-model state. The model reproduces the half-
life of 212Po (a classic test case) as well as some neighboring
nuclei, and calculations are also made for 1%4Te.

%?E FEFEFHVEN N O AR AR I — K e ]
'?E 7N T%H&j}%”

S. Yang, C. Xu, G. Roepke, P. Schuck, Z. Ren et al.,

PRC101, 024316 (2020)
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New a-Emitting Isotope *“U and Abnormal Enhancement of a-Particle Clustering in
Lightest Uranium Isotopes
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A Lightweight Among Heavyweights

April 14,2021  Physics 14,543

Researchers have observed the lightest uranium isotope to date, offering insight into models of nuclear
structure.

APS/Carin Cain

Discovering new isotopes is like the stamp collecting of physics, but the consequences of adding to the set are much

further reaching. A team of researchers using the Heavy lon Research Facility in Lanzhou, China, has now expanded 73



KM Super Heavy Nucleil
PR International Symposium
JINR Texas A&M University, College Station
FLN Texas, USA
%“b"a March 31 - April 02, 2015

In the past forty years, twelve new elements have been synthesized and more than a
hundred new nuclides have been produced. We have advanced by forty atomic mass unitsin
a search for the limits of nuclear matter, but we have not reached these limits yet.
Nevertheless, we have obtained new knowledge on the properties of the heaviest nuclei and
in many cases we have confirmed the theoretical predictions.

New powerful accelerators, neutron-rich actinide targets and radioactive isotope beams
together with high-efficiency experimental facilities will give us a unique opportunity to
make significant progress in exploring the nature and properties of the heavy and super-
heavynuclei atthe borders of nuclear masses.

Topics

- At the Border of the Island of the Super-Heavy Nuclei
- Decay Properties and Nuclear Structure of the Heaviest Nucleil
- Reactions of Synthesis of New Elements and Isotopes
- Super-Heavy Atoms. Chemistry of the Super-Heavy Elements
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Name: £2=113,115,117,118

Z=113: Nihonium, Nh.

Z=115: Moscovium, Mc.

Z=117: Tennessine, Ts.

Z=118: Oganesson; Og.
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The Nobel Prize in Physiology or Medicine 2015
William C. Campbell, Satoshi Omura, Youyou Tu

Share this: KA A EAE2 E] 636

Youyou Tu - Facts

Youyou Tu

Born: 30 December 1930, Zhejiang
Ningpo, China

Affiliation at the time of the award:
China Academy of Traditional
Chinese Medicine, Beijing, China

Prize motivation: "for her
discoveries concerning a novel

therapy against Malaria"

Prize share: 1/2

Photo: A. Mahmoud

A Novel Therapy against Malaria

A number of serious infectious diseases are caused by parasites spread by
insects. Malaria is caused by a single-cell parasite that causes severe fever.




5. Summary

» Review on present researches of new
elements and new nuclel

 Best efforts for production new elements
(New accelerators in China)

* Theory: New, New, New !!!
* Experiments: New, New, New !!!
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Thanks

» Thanks for your attention of this talk
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A Rudolf Ludwig Massbhauer
‘6 "for his researches concerning the resonance absorption

of gamma radiation and his discovery in this connection
of the effect which bears his name”

The Nobel Prize in Physics 1960
Donald Arthur Glaser

"for the invention of the bubble chamber”

The Nobel Prize in Physics 1959
Emilio Gino Segré and Owen Chamberlain

"for their discovery of the antiproton”

The Nobel Prize in Physics 1958

Pavel Alekseyevich Cherenkov, Il “ja Mikhailovich
Frank and Igor Yevgenyevich Tamm

"for the discovery and the interpretation of the
Cherenkov effect”

The Nobel Prize in Physics 1957

Chen Ning Yang and Tsung-Dao (T.D.) Lee

"for their penetrating investigation of the so-called parity
laws which has led to important discoveries regarding
the elementary particles"
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The stability of heavy nuclides, which tend to decay by a-emission
and spontaneous fission, is determined by the structural proper-
ties of nuclear matter. Nuclear binding energies and lifetimes
increase markedly in the vicinity of closed shells of neutrons or
protons (nucleons), corresponding to ‘magic numbers of
nucleomns; these give rise to the most stable (spherical) nuclear
shapes in the ground state. For example, with a proton number of

24>

Z = 82 and a neutron number of W = 126, the nucleus ***Pb is
“‘doubly-magic’ and alseo exceptionally stable. The mext closed
neutron shell is expected at N 184, leading to the prediction
of an “island of stability” of superheavy nuclei, for a broad range of
isotopes with Z — 104 to 120 (refs 1, 2). The heaviest known
nuclei have lifetimes of less than a millisecond, but nuclei near the
top of the island of stability are predicted to exist for many years.
(In contrast, nuclear matter consisting of about 300 nucleons with
no shell structure would undergo fission within about 107%
seconds.) Calculations®> ® indicate that nuclei with N = 168
should already bemefit from the stabilizing influence of the
closed shell at W — 184. Here we report the synthesis of an isotope
containing 114 protons and 173 mneutrons, through fusion of
intense beams of **Ca ions with ?*?Pu targets. The isotope
decays by ox-emission with a half-life of about five seconds,
providing experimental confirmation of the island of stability.

MNeutron-rich nuclei with W = 168 can be synthesized, as we have
shown earlier®, in fusion reactions using the heaviest isotopes of
uranium, plutonium and curium as targets and a **Ca ion beam. As
a result of the significant mass defect of the doubly magic *Ca
nucleus (magic numbers N = 28 and 2~ = 20), the excitation
energy (FE,) of the compound nucleus at the Coulomb barrier |
only amounts to about 30 MeWV. This corresponds to an energy
E, ., =— 230—235 MeV of the **Ca bombarding projectiles. The de-
excitation of this nucleus should proceed mainly by the emission of
three neutrons and ~-rays—®. Calculations predict that the prob-
ability for the excited compound nucleus to reach the final state
(evaporation residue, EVR) after the evaporation of 2 or 4 neutrons
is one order of magnitude less at the bombarding ion energy near
the Coulomb barrier. This circumstance should increase the survival
probability of the EVRs as compared with the case of hot fusion
reactions (E, = 50 MeV ), which were used for the synthesis of heavy
isotopes of elements with atomic numbers £ =— 106, 108 and 110
(refs 9—11). On the other hand, the high asymmetry of the
interacting nuclei  in the entrance channel (A AL = 0.2,
ZSZr = 1.880, where A,. Ar and Z,. Zy are mass and atomic
numbers of the projectile and target nuclei respectively) should
decrease possible dynamical limitations'® on the fusion of massive
nuclei as compared with more symmetrical cold fusion reactions.

In spite of these obwvious adwvantages, prewvious attempts to
synthesize new elements in **Ca-induced reactions gave only the |
upper limits of the production cross-sections of superheavy ele-
ments'?7'°. As is apparent now, this could be explained by the low
experiment sensitivity, as the intensity of the **Ca beam was not
high enough.

The first positive result was obtained in spring 1998 in the
¥ Ca + **U reaction with a total beam dose of 3.5 > 10'" Ca ions.
Two spontaneous fission events were observed. which were
assigned to the decay of a new isotope of element 112 produced
in the reaction *U(*Ca.3n)*®%112 with a cross-section of
T = 57 picobarn (pb, 10 ** cm?)'*. The cross-section wvalue of
1 pb corresponds to the observation of one wanted event within 4
days, providing that the beam intensity is 4 > 10" particles per
second., the number of target nuclei able to take part in the fusion
reaction is 5 < 10'7 and the experiment efficiency is 100%b6. The half-
life of the new nuclide against spontancous fission (Tsg), deter-
mined on the basis of the two events, was — 1.5 min. This is about
3 > 10° times longer than the a-decay half-life ( T,) of the known
lighter isotope of element 112, synthesized in the reaction
2EPL(7?Zn,1n)?*77112 by Hofmann et al.'” in 1996 (Fig. 1a).

The next experiment, performed at the end of 1998, was aimed at
the synthesis of nuclei with Z = 114 in the reaction *Ca + ***Pu.In
a 34-day irradiation with a beam dose of Ca ions of 5.3 > 10'%, a
decay chain— consisting of three sequential ae-decays and sponta-
neous fission, taking about 34 min in all—wwas observed after the
implantation of a heavy atom in the detector'®. This decay chain
may be considered as a good candidate for originating from
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Relativistic mean-field model

Protons and neutrons interact by exchanges of
mesons (strong interactions)

There is the electromagnetic interactions
among protons by exchange of photons

Atomic nucleus Is a many-body system
Solve the coupled Dirac equations

and the Klein-Gordon equations












Density-Dependent Cluster Model
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PRC 87 (2013) 054323: Nuclear charge radii from decay data
of cluster and proton emissions

PHYSICAL REVIEW C 87, 054323 (2013)

Attempt to probe nuclear charge radii by cluster and proton emissions

. . N 5 I s ] A + . >}
Yibin Qian,'*" Zhongzhou Ren,"?**1 and Dongdong Ni'+
! Department of Physics, Nanjing University, Nanjing 210093, China
2Joint Center of Nuclear Science and Technology, Nanjing University, Nanjing 210093, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
4Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
(Received 19 April 2013; published 20 May 2013)

We deduce the rms nuclear charge radii for ground states of light and medium-mass nuclei from experimental
data of cluster radioactivity and proton emission in a unified framework. On the basis of the density-dependent
cluster model, the calculated decay half-lives are obtained within the modified two-potential approach. The
charge distribution of emitted clusters in the cluster decay and that of daughter nuclei in the proton emission
are determined to correspondingly reproduce the experimental half-lives within the folding model. The obtained
charge distribution is then employed to give the rms charge radius of the studied nuclei. Satisfactory agreement
between theory and experiment is achieved for available experimental data, and the present results are found to
be consistent with theoretical estimations. This study is expected to be helpful in the future detection of nuclear
sizes, especially for these exotic nuclei near the proton dripline.
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PRC 89 (2014) 024318: Nuclear charge radii of superheavy odd-
mass and odd-odd nuclei from a-decay data

PHYSICAL REVIEW C 89, 024318 (2014)

Tentative probe into the nuclear charge radii of superheavy odd-mass and odd-odd nuclei

Yibin Qian,"?" Zhongzhou Ren,">**T and Dongdong Ni'-?
'Key Laboratory of Modern Acoustics and Department of Physics, Nanjing University, Nanjing 210093, China
2Joint Center of Nuclear Science and Technology, Nanjing University, Nanjing 210093, China
3Kavli Institute for Theoretical Physics China, Beijing 100190, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy-lon Accelerator, Lanzhou 730000, China
(Received 12 December 2013; revised manuscript received 20 January 2014; published 26 February 2014)

The root-mean-square (rms) nuclear charge radii of superheavy odd-A and odd-odd nuclei are tentatively
pursued by the deduction of experimental e decay data. The framework of calculating « decay half-lives is
constructed via the combination of the improved two-potential approach with the density-dependent cluster
model. In this procedure, the charge distribution of daughter nuclei is determined to exactly reproduce the
measured a decay half-lives. Next, the rms charge radius of daughter nuclei is obtained by using the corresponding
charge distribution. For comparison, the previously proposed formula of our group is employed to estimate the
rms charge radii as well. Besides the reasonable agreement between the extracted nuclear charge radii and the
available experimental values, the nuclear radii of heaviest odd-A and odd-odd nuclei are extracted from the «
decay energies and half-lives. This can be considered as an effective attempt in terms of the nuclear size in the
superheavy mass region.

99






