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- V=51  Nb= 94  Ta-=182.
TCEAIHAR Cr=52 Mo= 96 W=186.
(1869 Mn=55  Rb=1044 Pt=1971.
Fe=56 Ru=1044+ Ir=198.
Ni=Co=59  Pd=106s Os=199.
H-1 Cu=634 Ag=108 Hg=200.
Be= 94 Mg-24 Zn—652> Cd=112
B=11 Al-273 ?=68  Ur-116 Au=197?
C-12 Si=28 ?=70  Spn-118
N-14 P=31 As=75  Sb=122  Bi=210?
0-16  S=32  Se=7914  Te=128?
F=19 CI=355 Br=80 =127
Li=7 Na=23 K=39 Rb-851 Cs=133  TI-204.
Ca=40 Sr-87s Ba=137  Pb=207.
?7=45  Ce=92
?Er=56 La=94
2Yt=60  Di=95
?In=75s Th=118?
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Are there stable Top 125 science questions

IR T el Science July 2005
elements?

A superheavy element s
with 184 neutrons e
and 114 protons

should be relatively ; HBEEFIZ
stable, if physicists

can create it.
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> Nuclear chart: courtesy of Ning Wang (£ 7)



Physics & Chemistry: Collaborating?

EPJ Web of Conferences 131, 06004 (2016) DOI: 10.1051/epjconf/201613106004
Nobel Symposium NS160 — Chemistry and Physics of Heavy and Superheavy Elements

Validation of new superheavy elements and
IUPAC-IUPAP joint working group

Cecilia Jarlskog*
Div. Math. Phys., Physics Department, LTH, Lund University, Sweden

Abstract. The great chemist Glenn Seaborg has written a delightful little
book “Man-made Transuranium Elements”, published in 1963, in which
he points out that: “The former basic criterion for the discovery of a
new element — namely, chemical identification and separation from all
previously-known elements — had to be changed in the case of lawrencium
(element 103). This also may be true for elements beyond lawrencium.”

Indeed this is what has happened. The elements with Z > 103 are
produced in nuclear reactions and are detected by counters. The detectors
have undergone substantial refinement. For example one uses multiwire
proportional chambers [for which George Charpak received the 1992 Nobel
Prize in Physics] as well as solid state micro-strip detectors. In spite of
this remarkable shift from chemistry to physics, the managerial staff of
the International Union of Pure and Applied Chemistry (IUPAC) does not
seem to be aware of what has been going on. The validation of superheavy
elements should be done by physicists as the chemists lack the relevant
competence as | will discuss here below.

This article is about a collaboration between International Union of Pure
and Applied Chemistry (IUPAC) and its sister organization International
Union of Pure and Applied Physics (IUPAP), to deal with discovery of
superheavy elements beyond Z = 112. I spent a great deal of time on this
issue. In my opinion, the collaboration turned out to be a failure. For the sake
of science, which should be our most important concern (and not politics),
the rules for the future collaborations, if any, should be accurately defined
and respected. The validation of new elements should be done by people
who have the relevant competence — the physicists.

1. Introduction in a nutshell: Physicists discover — IUPAC gets
the credit
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» Flerov Laboratory of Nuclear Reactions in Dubna, Russia

» Lawrence Berkeley National Laboratory, USA

» Lawrence Livermore National Laboratory, USA

» RIKEN in Wako, Japan

» GANIL in Caen, France Hofmann_Miinzenberg2000 RMP72-733

» HIRFL in Lanzhou, China Morita...2004_JPSJ73-2593

Oganessian...2007_JPG34-R165

—& ‘ 0 0 Oganessian...2010_PRL104-142502

Zhang...2012_CPL29-012502
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=MESFILEIREIFREIEE: 27'Ds (Z=110)

2011.01.15 N1+ 208Pb — 272Ds* 7 days 2001: 259Db (Z=105)

2011.03.15 ®Ni+ 208Pb — 272Ds* 13 days
IMP/CAS, ITP/CAS Zhang, Gan, Ma ...,

Nanjing Univ, CIAE

2004: 265Bh (Z=107)

Chinese Physics Letters 29 (2012) 012502

Strip 14, 30.63 MeV

271 |272
110Ds|110Ds

s 10.644 MeV
, 96.8 ms

259 6.63s

104Rf

Gy

8.830 MeV

255
102NoO

Ols

7.427 MeV
28.18 s

Courtesy of Zai-Guo Gan (H F[H)
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Spectrometer for Heavy Atoms
and Nuclear Structure (SHANS)

Mode: ECR/SECR + SFC
lons: Ar, Ca, Ne, Mg, Ni, K, ...
Energy: ~ 5 MeV/u

Typical Intensity: ~500 pnA (3640Ar)
200~500 pnA (4°Ca)

AT T 4 3 = ST AT Institute of Modern Physics




China Accelerator Facility for Superheavy Elements (CAFE2)
e R ET RN SR

s . e S e o

3
4.5-7 MeV/u
3~5 puA

Running mode Cw

AT T 4 3 = ST AT Institute of Modern Physics




Chain 1 Chain 2 Chain 3 Chain 4 Chain 5
Eimp: 11.45 MeV Einp: 8.42 MeV E.,: 12.28 MeV Eimp: 12.46 MeV Einpt 11.36 MeV
StripX: 66, Strip¥: 41 StripX: 51, Strip¥: 27 StripX: 41, Strip¥: 21 StripX: 47, Strip¥: 25 StripX: 110/111, Strip¥: 15
2023-11-18 2023-11-19 2023-11-19 2023-11-22 2023-11-23
= a-like (anti-MWPC and anti-Velo)
2 288 288 288 288 288
; J AUER-u j=2s Mc Mc Mc Me Mc
1 1 al
8 al E,: 10.24 MeV al E.: 10.34 (=0.18+10.26) ME‘Ju E,: 10.25 (=0.37+9.88) MeV E,: 10.47 MeV E,: 10.52 MeV
284 | Ot: 401ms 284 | AOt: 12Z2ms 284 | At: 142 ms 284 | Ot: 375ms 284 | Ot: 152ms
Nh Nh Nh Nh Nh
o2 2 a2
E,:9.98 MeV a2 E_:9.96 MeV E,:9.92 (=0.64+9.28) MeV E,:9.94 (=0.43+9.51) MeV E,:9.95 (=0.58+9.37) MeV
At: 0.40s 280 | At: 0.83s 280 | Ot: 0.65s 280 | 4t: 1.2s 280 | At: 0.20s
Rg Rg 3 Rg 3 Rg
o o
O3 975 (3114660 Mev_"3/ ¢ 076 Mev o . 9.72(-0.66+9.06) Me E,: 9.74 MeV E,: 9.72 MeV
276 | AOt: 14s 276 | At: 45s 1 276 | At: 11s 276 | 4t: 7.3s 276 | 4t: 2.8s
Mt Mt i Mt Mt Mt
st ad
ad E,: 9.78 MeV o4 E,: 9.59 MeV n-ﬂ: missing _u_4 E,: 9.53 MeV E,: 9.72 MeV
272 | AOt: 0.72s 272 | Ot: 0.25s 272 O I At: 0235 272 | Ot: 11s
Bh Bh Bh 1 Bh j Bh
o
A5/ 904 (-0.62¢8.42) Mev %3/ E_; 9.05 Mev 0 /e 9.07 (=1.05+8.02) Mev X2 7 @5 /. 9.08 Mev g e
26g 1| Ot: B9s 268 1| Ot: 26s 268 I| At: 12 s (ad+aS) 268 | Ot: 25s ] .ntu_-a;-ms .
Db Db Db Db 5 =
ab E‘ -
E,: 7.81 MeV - & =
2 2 2 at: 41.2h 3 - -
g ™ .
; ; :
E 4 B =
Es; : 170 MeV E,; : 182 (=136+46) MeV E; : 166 MeV Es; : 228 (=168+60) MeV 5 - - 3
At: 64 h (since aS) At: 8.8 h (since a5) At: 32.4 h (since a5) at: 6.6h g =
o= .Qﬂl.'rﬂ. : ITID‘;)G;J. .'|I'Il;ﬂ.GI I1I2-‘:

v Five a-decay chains, assigned to the decay of 288Mc, were detected.

v The measured a-decay properties of 268Mc as well as its descendent nuclei are consistent with known data.
Courtesy of Zaiguo Gan (H - [H)
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Institute of Modern ®Physics
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Yuri Oganessian: Grandfather of SHE

\ \
SEA&RMN: 107-113 BIEERM: 114-118
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SCIENCE BRINGS NATIONS TOGETHER

International Conference «50 Years of Cold Fusion»
20244F11H19H 00:00 — 2024811824H 23:59 Furope/Moscow

@ Ramada Hotel & Suites by Wyndham Yerevan, Republic of Armenia




REABRRER—ALRERL?

A 0

1 amg H 2 ;i He

2 1A A IVA VA VIA VIIA 2

1.0079 4.002602
. -
3 ; Li 4 ,Be ﬂ) ﬂ 5 B 6 &, C 7 & N 8 ,,c O 9 « F 10, Ne
Ly y— —
% » Eﬂﬂ = % ﬁ
!EE & ﬁ’ﬁ S |, Ve
Lithium Beryllium % Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.0122 10.811 12.0107 14.0067 15.9994 18.9984032 20.1797

1 :Na 12..Mg VIII 13 ; Al 14 ,,Si 5, P 16,, S8 17 ; Cl 18 ,, Ar
[m] :t a2 Z‘I
R =3 18 JiES Tk i =] T
saim  weeson [JIB [VB VB  VIB VIIB | ! | IB 1IIB P
198 K 20 gai Ca 21 kéngsc 22, Ti 234, V 24 g¢ Cr 25méngMn 26 . Fe 27 gt Co 28 ,. Ni 29 «mgCu 30 ,,Zn 31 jia Ga 32,.Ge 33...As 34 , Se 35,.Br 36 . Kr

#8553k Ofl ® O O#F 8% O\ @ % & ¥ M @\ R F

Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickle Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.08 44.956 47.867 50.9415 51.9961 54.938045 55.845 58.933195 58.6934 63.546 65.38 69.723 72.64 74.92160 78.96 79.904 83.798

37 s Rb 38 ; Sr 39 v Y 40, Zr 41 ,Nb 42 ,Mo 43 .Tc 44,:Ru 45, Rh 46 ,.Pd 47 yin Ag 48 Cd 49 yin In 50 ,Sn 51 . Sb 52 ;, Te 53.:» | 54..Xe

g @ ¢ % % $#H B fr £ £ W O w® W #H B W M

Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.467 87.62 88.906 91.22 92.90638 95.96 97.9072 101.07 102.90550 106.42 107.8682 112.411 114.818 118.710 121.760 127.60 126.90447 131.293

55 . Cs 56 ,,Ba La-Lu 72 ,, Hf 73 ... Ta 74.. W 75 ; Re 76 . Os 77 yi Ir 78 ., Pt 79 jin Au SogangHg 81, TI 82qi§nPb 83 , Bi 84 po Po 85 ; At 86dénan

lan

@ W e= B B OB % % % oW & X ® B/ @& % B &

Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 137.33 Lanthanides 178.49 180.94788 183.84 186.207 190.23 192.217 195.084 196.966569 200.59 204.2833 207.2 208.98040 208.9824 209.9871 222.0176

87..,Fr 88 ; Ra Acé—Lr 104 , Rf 105, Db 106 , Sg 107 ,, Bh 108, Hs 109, Mt 110 ., Ds 111 Rg 112 ;. Cn 113 ;Nh 14  Fl 15 ,.Mc 116 ;, Lv 117, Ts 118 . Og

Poost fE SR RO B % 4§ R OB E O fu &

o A
Francium Radium ﬂlﬂg Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium  Roentgenium Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine Oganesson
223 226.03 Actinicles (261) (262) (263) (262) (265) (266) (269) (272) (285) (284) (289) (288) (292) (294) (294)
119 120
ﬁ?ﬁ% ﬁ%ﬁ% 57:. La 58 ,,Ce 59 pii Pr 60 nii Nd 61 pépm 62,,:..Sm 63yéu Eu 64 g4 Gd 65 Tb 66 Dy 67 :Ho 68 .. Er 69,,Tm 70 yi Yb 7 ; Lu
i 51 Z = / = =]
ez ol WM % o g o/ L B @ sk fH & | '
you Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.12 140.91 144.2 147 150.4 151.96 157.25 158.93 162.5 164.93 167.2 168.943 173 174.96
%E 89 , Ac 90  Th 91 - Pa 92, U 93, Np 94 ,, Pu 95,.Am 96 qum 97 i Bk 98 ., Cf 99 , Es 100 ,;Fm 101,.,Md 102, No 103 ;, Lr
Uranium N = » - » - e
e —
Tt I A S AN S/ NS ~ IR IS = SN AN -~ SO - SN 1 A - N >
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium

*EXTJJ??E% ﬁ?% ffj{ 227.03 232.04 231.04 238.03 237.05 244 243 247 247 251 254 257 258 259 260
2 R

TikeR BIRER FeRTE wmASK AEBERLE TREARREIHEE: RiEHE



gz 222

cmmsnam V+Cm = 119

Cr+ Am - 119 2-23fb
11-135b
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