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Tableau Périodique des Eléments

: M.S. Antony,
niversité de Lyon,
Docteur és Sciences, Université de Strasbourg
Imprimé par : Patrick Moessner, Impressions Frangois
103 route de Marienthal, 67500 Haguenau, FRANCE

> Numéro atomique ; Symbole chimiue ; Nombres d'oxydation

> Nom de I'éiément

e En Unité de Masse Alomiqus, UMA , basde sur ' C 2 (1) = précision de + - 0,001
— #lectronique

> Température de fuslon *C ; Tempéeature d'ébullition *C ; Masse volumique (a)

Nombres doxydation : pour le Phosphore 3-6.3- = 3040503 ; pour FOr 1,3 = 1e.3¢
Masse volumique : g cm’ pour les solides ot les Squides

911 pour les gaz & ©°C et 1 atmosphéve
Lea noms of symboles des éléments 113, 114, 115, 116, 117 et 118

1 Lanthanides

K Actinides

Strasbourg - Cronenbourg

Le montant de la vente sera versé a
I'Association Européenne contre les Leucodystrophies ELA.
Pour obtenir le tableau , contacter : ELA, 2 rue Mi-les-Vignes. BP 61024, 54521 Laxou Cedex, FRANCE
emall : ela@ela-asso.com
Les Leucodystrophies sont des maladies de la myéline, gaine isolante des nerfs du systéme central.
En mémoire de Dmitri lvanovitch Mendéléev , auteur de la Classification Périodique des Eléments
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Figure 2-4 The experimental binding energies are taken from the compilatig
Mattauch, W. Thicle, and A. H. Wapstra, Nuclear Phys. 67, 1 (1965). The
represents the semi-empirical mass formula, Eq. (2-12), with the constants giv|
Green and N. A. Engler, Phys. Rev. 91, 40 (1953).
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Rh'%? (p, n) Pd'?
&, = 9MeV
0 = 80°

t = 800 keV

FIGURE XI1.4

Le spectre d’évaporation de neutron est en premiére approximation une distribution de Maxwell
de la forme N(E,) = (E/c*)e”*/* ol N(E,) est le nombre de neutrons émis avec une énergie
cinétique comprise entre £, et £+ dE,_ et ol t est la température nucléaire définie par la rela-
tion (XLI8), & savoir: d(Logw)/dE, = I/r. La figure (a) donne son allure caractéristique pour
© = 0,8 MeV. 1l est préférable de présenter les résultats en tragant directement la quantité N(E,)/E,
i I'échelle logarithmique en fonction de £,. La pente de la droite ainsi obtenue fournit 1/t dont
on déduit @ (E,). La figure (b) montre un résultat expérimental typique. Le spectre des neutrons
d’évaporation émis par le noyau composé '"*Pd a été détecté i Pangle 0 = 80°, L’accord avec
la théorie est satisfaisant pour t = 0,8 MeV.

FIGURE X1.3

Fonctions d’excitation des réactions (p, xn) induites sur le noyau *$7Bi (pour x variant de 2 & 7).
Les sections efficaces des réactions (p, 6n) et (p, 7n) ne peuvent étre obtenues que de fagon
cumulative avec celles des réactions (p, pSn) et (p, p6n) respectivement, car les nuclides formés
mmmmmuwmmmmmnmmmm(p.ma (p, Tn)

avant que I'on puisse commencer les mesures d'activité. Les courbes notées ”p.p”"' les sections
emuc:e de formation du noyau composé 3Po calculées dans I'hypothése d'un noyau noir de
rayon R = rod""* (avec r, = 1,5 F et ry = 1,3 F), en tenant compte de la probabilité de franchir

la barriére coulombienne (cf. exercice X1.2).
Loz Valentin

Physique subatomique
noyaux et particules
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SHE Production Probability
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Table 1

Decay properties of nuclei.

z N

A

No.
observed”

Decay mode,
branch (%)"

Half-life®

Ey (MeV)

05% MeV)

Refs.

118 176

117 177
176

177
176
175

174

175
174

173

172

175

174

d:4

d:3,t:2
d:15

d:4,s:1
d:5, s:4
d:3, s:1

d:11

d:4,t:2
d:16

d:27, t:19

d:2, tl

d:10, s:1, t:4,
te:l

d:17, s:4,
t:11,ic:2,
te:l

d:16, s:1,
b:1,ic:1
d:25,b:2

b:1
d:4,t:2
d:17
d:27, t:20
d:1, tl
d:2

d:10, s:1, t:4,
ic:1, te:1
d:19, s:4,
t:11,ic:2,
te:l

d:22, s:4,
b:1,ic:6

o

o

—+0.64
0.69"45,

51‘_*'?2 ms

22f§ ms

ms

57‘_“1‘% ms
13fz ms
19fé7 ms

8.31’?:3 ms
6501300 ms
3307420 ms
1641'2(1) ms

37f‘1“3‘ ms

+0.7
1.9_0.4 s
+0.14
0.667 )15 8
+0.14
0.487

—0.09 8

+0.04
0.127505 8

+0.60
0.1375706 8

+6.3
9555

+1.4
427)¢s

+0.17
091713
75*_';86 ms
731’%34 ms

2870 s
98f%g ms

+1.1
42757

11.66 & 0.06

10.81-11.07
10.60-11.20

10.56 0.02
10.63 +0.02

10.74 £0.07
10.50 4 0.02
10.85+0.07

9.78-10.31
10.15-10.54

10.29-10.58

10.61 £0.05

9.84 +£0.02
9.48 +0.08
9.934+0.03

10.03 +0.02

10.214+0.04

9.61-9.75
9.47-10.18

9.10-10.11

10.23 £0.01

10.63 +0.08

9.194+0.02

9.534+0.02
9.33+0.06
8.94+0.07

11.8240.06

11.18 £0.04
11.324+0.05

10.714£0.02
10.78 £0.02
10.89 £ 0.07

11.00 £ 0.07

10.41+0.04
10.49 £ 0.05

10.63 +£0.01

~10.7 [83]
10.76 +0.05

9.98 +£0.02

10.07 £0.03

10.17 £0.02

10.354+0.04

9.79+0.05
10.01 +0.04

10.12£0.01
~10.3 [83]
10.38 £ 0.01

10.78 £0.08

9.324+0.02

9.66 +0.02

[71,73,74]

[74,86-89]
[74,86-88]

[68-70,72]
[70,72]
[49,71,72]

[49,71,73,
74]

[74,86-89]
[74,80,81,
86-88]
[75,76,80,81,
83,84]
[75,76,81,83,
84]

[45,48,49,62,
65,68-70,72]
[45.49,56.61,
62,65,70,72]

[46,49,56,61,
70-72]
[46,47.49,56,
70,71,73,74]
[47]

[74,86-89]
[74,80,81,
86-88]
[75,76,80,81,
83,88,84]
[75,76,81,83,
84]

[82]

[45,48,49,60,
62,65,68-70,
72]
[45,49,56,61,
62,65,70,72]

[46,49,
56-59,61,63,
70,71]
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The experimental limits
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What can we learn from Y-€~ sPectroscoPH =

o T ™ w
£8: 2F 5383%33%sRt
AT e L | 8 gs NN NN N NNNNNNNN

611
w2 (134
2 [611
/2 [615
172 (851
2 (732

V2 (84
/2 (613
2 (972
172 (125
2 |86

/' _ivz [606

172 [615]
862)
512]

-SINGLE ~PARTICLE ENERGY (MeV)
SINGLE - PARTICLE ENERGY (Mev)

/2 [143]
3/2 [871]
3/2 [631]
2 [633]

9/2 [624]

172 [880]

. -10 . ..
2 i 38%s: B T: % §sm BE EE
I £ - N SE88E & By s ¢ey gNER g
1 1 1 1 1 1 ] 1 1 | 1 1 1 ]
[} 0.1 0.2 0.3 0.4 0.5 06 o 0.1 0.2 0.3 0.4 0.5 06

QUADRUPOLE DEFORMATION () QUADRUPOLE DEFORMATION ()




Limits for Proml:)t sPectroscoP9

ks
o
H I: Prompt decay to Ground State
R Fusion-Fission X e P y
i‘ : ¥

% ~ Neutron 7

o2 ) : i Q evaporati —

Il: Selection / Identification with
Recoil separator

on
Quasi-Fission ; N /Y' - .
- TS yd v
@ &
/ 2

Q wrl

Compound
Nucleus 1y

Il
e Projectile - -
. 0— S i g P
,- Q 6ty 1: 12+ . * Ill: Delayed decay to GS
Target wl : 10+ . - gamma spectroscopy
4 : | 8t K=9 isomer - electron spectroscopy
2ty — 6"

5+ 1 o e Yo
: N R
0ty K=5 isomer ”I Y ) 7.
e | . R
6t '\J'e] ;D?Y 57[
i g
PLIN B oF
VHE Ground State
IV IV: Daughter delayed spectroscopy

»hw«ﬁw‘ﬁ“ e e e



Transtermium region sPectroscopg

e Sttt L e I L st ? PRI S SO R R e S

136 138

Mass
N Level N Level N Level N Level Db =5 | 26 2:‘7 ’f: 2§° 1 z‘;’ 263 266 | 267
= <5 <10 N Bands
J* Rf z_ris %4 zis 315 2::7 %8 239 260 251 2?2 263 SHE 266
@2y | o |2 oAz | o 0 0
N Level %2 | 2563 | 256 2665 | 257 | 258 | 259 | 260 | 261 | 262
Z=103 (¢ ||| |5 | VHE
L - <2 (7/27)
8 250 | 251 52 %5 | 256 | 257 | 268 | 280 | 260 %2
1 6 2 1
E NO 3
0 (720 ] ot (12°)| o |32 0' 0 0
=3 245 | 266 | 247 | 243 | 2¢9 | 250 | 251 [ 252 [ 253 [ 254 | 255 | 286 | 257 | 258 | 250 | 260
Z M d 1 2 2 2 6 2 5 1 1 1 1
{1/2) (127) (7/2°) | (1) |(7/2)
8 222 | 243 | 244 | 2¢5 | 246 | 247 | 288 | 245 21 | 252 | 83 | ¢ | 265 27 | 258 | 259
2 8 4 9 1 2 4 6
- Fm 1 . 2
o) o ey | o 0 0t |(7/2%) 9/2°)| o |2 o |2 9/27y | o
5 AREHEBEHEEEEE A EEE
(a ES 3 1
(3/27) (3/27) (7/2*) |(2.0%) | 72* | (6*) (57) |z2t | @) |2 1t 00)
237 | 238 | 239 | 260 | 241 | 242 | 243 | 244 | 245 | 246 [ 287 22 | 253 | 254 | 25 | 256
Cf 1 1 6 2 2 2 12 18 ) 5
3 4 4 3 2
0 o [(72)| o |aey| o 52| o Mg gt o |@2y| ot @y | o
235 233 | 239 | 240 | 241 | 282 | 243 | 244 | 285 | 246 1
Bk 1 1 3 3 4 4 3 1
1 1 1 2
(7/27) {127 (3/27) ] (4°) | 3/2 | 27 3,
233 | 234 | 235 | 236 | 237 | 238 | 239 | 240 | 241 284 %0 | 251
C 1 1 1 1 1 3 7 14 1
m 3 1
0 0 o |2y o |12t L [ [ 7238

148

150

152

Neutron Number

156

158

61 (2008), 674

NP




L imits for clelagccl spectroscopg
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VASSILISSA - "VASSILISSA" electrostatic separator was put into operation in 1987. It's one of the FLNR's basic setups for synthesis
of superheavy elements. In 2005 the experiments on study of decay properties of transfermium elements using gamma- and electrton
spectroscopy methods were performed for the first time. This work has become feasible thanks to cooperation with French scientists.
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http://flerovlab.jinr.ru/flnr/vassilissa.html
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Fig. 2. Decay time (T_decay) distributions of the decay family originating
from 278113 are indicated. The logarithm of the decay times is taken as the Fig. 3.
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Needs Intense beams & long runs (months)

' . ." : g 5 '.4, 3 ‘.'.”m“:,lg!.ﬁ....;ﬂ‘-u.z— ,vn.‘t....\d\qg e o =t - - 3 . '.:, » w
- - — S - p AN 'i e de -!"
- .

(———— N
—a

DGFRS (eFLNR Dubna)

GFRS - Dubna gas-filled separator of recoil nuclei was put into operation in 1989. The
separator is one of the FLNR basic research setups. A number of unique experiments on
synthesis of new superheavy elements, among them Elements 112, 113, 114, 115, 116 and 118
of the Periodic Table, were performed here.
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Fig. 3. Summary decay properties of the isotopes of even-Z elements synthesized in the reactions of 48Ca with 238U,
242244py 245248Cy and 249Cf target nuclei. The average energies of « particles and half-lives are given for o emitters
(open squares). The energies of rare « lines are given by smaller font. The energy uncertainties given in parenthesis
correspond to the data with the best energy resolution. For spontaneously fissioning nuclei marked by grey squares the
half-lives are listed.
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included if AE, are published.




Table 1

Decay properties of nuclei.

z N

A

No.
observed”

Decay mode,
branch (%)"

Half-life®

Ey (MeV)

05% MeV)

Refs.
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d:19, s:4,
t:11,ic:2,
te:l

d:22, s:4,
b:1,ic:6

o

o

—+0.64
0.69"45,

51‘_*'?2 ms

22f§ ms

ms

57‘_“1‘% ms
13fz ms
19fé7 ms

8.31’?:3 ms
6501300 ms
3307420 ms
1641'2(1) ms

37f‘1“3‘ ms

+0.7
1.9_0.4 s
+0.14
0.667 )15 8
+0.14
0.487

—0.09 8

+0.04
0.127505 8

+0.60
0.1375706 8

+6.3
9555

+1.4
427)¢s

+0.17
091713
75*_';86 ms
731’%34 ms

2870 s
98f%g ms

+1.1
42757

11.66 & 0.06

10.81-11.07
10.60-11.20

10.56 0.02
10.63 +0.02

10.74 £0.07
10.50 4 0.02
10.85+0.07

9.78-10.31
10.15-10.54

10.29-10.58

10.61 £0.05

9.84 +£0.02
9.48 +0.08
9.934+0.03

10.03 +0.02

10.214+0.04

9.61-9.75
9.47-10.18

9.10-10.11

10.23 £0.01

10.63 +0.08

9.194+0.02

9.534+0.02
9.33+0.06
8.94+0.07

11.8240.06

11.18 £0.04
11.324+0.05

10.714£0.02
10.78 £0.02
10.89 £ 0.07

11.00 £ 0.07

10.41+0.04
10.49 £ 0.05

10.63 +£0.01

~10.7 [83]
10.76 +0.05

9.98 +£0.02

10.07 £0.03

10.17 £0.02

10.354+0.04

9.79+0.05
10.01 +0.04

10.12£0.01
~10.3 [83]
10.38 £ 0.01

10.78 £0.08

9.324+0.02

9.66 +0.02

[71,73,74]

[74,86-89]
[74,86-88]

[68-70,72]
[70,72]
[49,71,72]

[49,71,73,
74]

[74,86-89]
[74,80,81,
86-88]
[75,76,80,81,
83,84]
[75,76,81,83,
84]

[45,48,49,62,
65,68-70,72]
[45.49,56.61,
62,65,70,72]

[46,49,56,61,
70-72]
[46,47.49,56,
70,71,73,74]
[47]

[74,86-89]
[74,80,81,
86-88]
[75,76,80,81,
83,88,84]
[75,76,81,83,
84]

[82]

[45,48,49,60,
62,65,68-70,
72]
[45,49,56,61,
62,65,70,72]

[46,49,
56-59,61,63,
70,71]
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Table 1 (continued)

Z N A No. Decay mode, Half-life® P (MeV)  Refs.
observed® branch (%)>¢
170 282 d:12,b:2 SF 0917933 ms 46.47,49,56,
' 70.71]
281 bil 0107048 s 1031004 1046£0.04  [47]

282 did, 12 10079 s 8.86-9.05  9.16+0.03  [74.86-89]
281 d:20 1748 s 9284005 9.41£005  [748081,
86-88]
280 d:27,t:18 46108 s 9.09-9.92 991001  [7576.80.81,
10.15£0.01  83.84]
[83]
d:2,t1 9030 ms 10384016 10.53+0.16  [75.76.81.83,
84]
d:2 « 42773 ms  10.69+0.08 10.85+0.08  [82]

d:10,s:1, 14, SF: 9373 1277495 873£0.03  8.85+£0.03  [45.48.49.60.

ic:1, te:1 ' 62.,65,68-70,
72]

d:26,s:3,  SF:89T% 0217008 s 9714002 9.85+£0.02  [46.49,

b:1, ic:6 ' 56-59.61.63,
70-72]

b:1 0.006t0027s  10.57£0.04 10.72£0.04  [47]

d:3, 2 st 938955  9.58+0.03 [74,86-89]
d:2 H [88]
d:27,t:16 451013 9.17-10.01  10.03£0.01  [75.76,80,81,

10.104£0.01  83.84]

[83]
d:2, tl + 1033£0.01 1048001  [7576.81.83,

84]
d:2 + 10011 102%1.1 [82]
9.76 4 0.10

t1 [45.65]
d:3, s:1 o 207008 93140.02 9454002  [56.70-72]
b:l 24 9594+0.04 9.73+0.04  [47]

d:4, t:2 a i 8.73-8.84 8.94+0.03 [74,86-89]
d:27, t:17 9T 8.55-9.15 9.18+0.01 [75,76,80,81,
9.214+0.01 83,84]
[83]
d:1, tl S0 9.284+0.07  9.42+£0.07 [81,83,84]
d:1 a 58 8.934+0.08 9.06+0.08 [82]

d:3,s:1 675 mi 8.54+0.08  8.67+0.08 [56,70-72]
b:1 T mi 8.57+0.10  8.70%+0.10 [47]

d:4, t:2 i [74,86-89]
d:27, t:19, 73 [75-78,80,
1c:20 81,83,84]
d:2, tl 37y [75,76,81,83,
' 84]
(continued on next page)
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Table 1 (continued)

Z N A No Decay mode, Half-life® Eq MeV) Q5P (MeV) Refs.
observed® branch (%)°-¢

161 266 d:l SF® 227105 min [82]

104 163 267 d:2 SF 3% [56,70,71]
161 265 bl SF i [47]

4 Number of observed decays at the separators DGFRS (d), SHIP (s), BGS (b), and TASCA (t) as well as in liquid-
chemistry (Ic) and gas-chemistry experiments at IVO + COLD (ic) and TASCA + COMPACT (tc) setups.

b Branch is given for the most probable decay mode (« or SF). It is not shown if only one decay mode was observed.

¢ Error bars correspond to 68%-confidence level.

4 The value obtained combining the results of physical and chemical experiments.

€ The SF mode was observed but EC/B or a decay is not excluded.
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Fig. 6. (a) Maximum cross sections of the production of the isotopes of the heavy elements in hot fusion reactions:
208Pb, 226Ra, 233’238U, 242’244Pu, 243Am, 245’QASCm, 249Bk, and 249¢Cf + “8Ca (E* =35-40 MeV). Data measured at
DGEFRS are shown by blue squares, results obtained at SHIP, BGS, and TASCA are shown by red circles. (b) Difference of
fission barrier heights (involving nonaxial shapes) and neutron binding energies of the compound nuclei in 48 Ca-induced
reactions calculated in the macroscopic—microscopic nuclear model [7,8,103,107,108] and corrected for the odd—even
effect are shown. Arrows show number of neutrons in the compound nucleus with the given atomic number. Lines are
drawn to guide the eye.
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Fig. 10. Measured «-decay energy vs. neutron number for the isotopes of elements 106—118 (filled and open symbols
refer to even-Z and odd-Z nuclei, respectively; Q values for nuclei produced in the Ra—Cf + 48Ca reactions are shown
in red; other data (blue symbols) are taken from [114,115]. The lines are drawn to guide the eye (left panel). The Qg
values for isotopes of even-Z elements Pt—Rn [114,115] are shown for comparison (right panel).
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Fig. 11. Half-lives vs. neutron number for the isotopes of even-Z (left panel) and odd-Z (right panel) elements with
Z = 106-118 (results from Ra—Cf + 48Ca reaction are shown by full blue symbols (see Figs. 3, 5 and Table 1); other
data are taken from [116]. Lines are drawn to guide the eye.
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Fig. 12. Deviation between experimental and calculated «-decay energies for even—even, even-Z and odd-N, and odd-Z
nuclei. Theoretical Q values were taken from [107,108] for macroscopic—microscopic model (HN, middle panel) and
mass tables [117] (W. S4RBF macroscopic—microscopic model, top panel) and [119] (HFB-27, Skyrme—Hartree—Fock—
Bogoliubov model, bottom panel).
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SHE chemical Prol:)erties
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SHE chemical Properties
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> Chemistry experiments with single atoms at atime (!)
249Bk +48Ca

> Fast and efficient approach is needed

T s b

237\, 4 %8¢,

gt
3n (2)

i

10.69(8) MeV.

42572 ms

10.0(1.1) MeV

|
4n (16)

2B am +¥ca 293 204
4nI (2+1) 3n (3I1-|20+22) 2n (4]) 1 g
/ 10.60-11.20 MeV/ 10.81-11.07 MeV
287 288 289 +8 290 +38
115 115 il 22« ms fEl 514 MS

283
11

/ 1061(5)MeV / 10.29-10.58 MeV
3745 ms

/] 1063(8)MeV //1023()MeV // 0-10 1MeV /
2F7}Z 73534 m 2,% i 2'% 0.91:07s
4

+30

284 164 21 ms

10.38(16) MeV_/ 9.09-9.92 MeV

0.17
009:’-004 S

%h 9072218)8'1\/'9\/ Fw 207 ms
017 S
8.93(8) MeV 3287 New
61+22892 1 506 IS
9382 i 88 2h

+0.8
46073

27,
t

10.33(1) MeV__/ 9.17-10.01 MeV

0.12
4 ﬁ 0.457 e

5/6355

8.55-9.15 MeV

2.0
10.955 s

26_ h

1 20
330'gg

14

928
1733

) MeV

9
5% ms

|
3n (4+2)

10.15-10.54 MeV/ 9.78-10.31 MeV

+490

286 650000 Ms

11

9 47, 18MeV// 5 MeV
%‘ 9 5+2673

8.86-9.05 MeV

70
100355's

9.38-9.55 MeV

;‘1 4552
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Thermochromatography
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SHE chemical Prol:)erties
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SHE chemical Properties
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Development of a faster “gas-phase” technique
(actually vacuum) to go to half-lives below 1 s
(this is more of less the limit of current state-of-

SHE chemical properties e gas psea xparimrts);

rOMA. Quartz chromatography
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Chinese seParator for VHE : SHANS 7

PSSR Ak (e A e

ey

Chinese B

separator

for Heavy y
elements

@ | anzhou

A new gas-filled recoil separator was installed in the HIRFL (Heavy lon Research Facility, Lanzhou) to separate the evaporation
residues (EVRs) from other beam ions and unwanted reaction products. It is filled with helium gas at the pressure of about 0.8mbar.
The focal plane detector system consisting a silicon box and a time-of-flight detector was improved.
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In-beam spectroscopy

Two step reactions

EXOGAMZ/AGATA
PARIS
MUST2/GASPARD

Not in the scope of the project

S3 Physics case (15 Lols)
o4 - VHE — SHE elements
Nf_ - [\ - Proton drip-line and N=Z
! bt \N =6 ua areweimsqd - Nuclear astrophysics

-9 M - Atomic physics

Atomic physics

FISIC setup

Fast lon Slow

lon Collisions
Electron exchange

Delayed spectroscopy

SIRIUS setup
Implantation-decay
station at the mass
dispersive plan

Ground state properties
(mass, size, moments, spins)

REGLISS setup
Low Energy
Branch




The SHE l:actorg 2
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Main setups:

o o o o o

Gas-filled recoil separator (DGFRS-II);

Preseparator for chemical investigations;

Separator for Heavy Element Spectroscopy: velocity filter SHELS;
Mass Analyzer of SuperHeavy Atoms (MASHA)

Channels reserved for external users



http://flerovlab.jinr.ru/flnr/masha.html

Ti beam: Cr beam:
TASCA (October, 2012) TASCA (August, 2011) SHIP (May, 2011)
1

50Ti + 249¢f — 299120 S4Cr + 248cm — 302120
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Fig. 31. Cross sections for the production of new elements 119 and 120 in the Ti and Cr induced fusion reactions predicted -
within the described above model (solid curves [71]) and by the “fusion-by-diffusion” model (dashed curves [91]). The 10
latest calculations within the “fusion-by-diffusion” model [92] are shown by dash-dotted curves. The arrows indicate the

upper limits reached in the corresponding experiments performed at GSI [93,94]. g 105
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Mendeleev table 7
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Figure 1.10: Suggested periodic table up to Z < 172, based on Dirac-Fock calcula-
tions on atoms and ions [130].
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Quatre nouveaux éléments, les plus
lourds jamais produits, viennent d'étre
officiellement baptisés. Le plus massif,
l'oganesson, qui compte 118 protons,
a été obtenu a Dubna. Ce temple
soviétique de la science explore depuis
soixante ans les confins de la matiére.
Reportage

VAHE TER MINASSIAN
DUBNA (RUSSIE) - envoyé spécial

u Centre international des conféren-
ces de Dubna, petite cité de
70000 habitants aux allures de ville
de vacances sur les rives du canal de
la Volga, 120 kilométres de Moscou,

aidant, le brouhaha des conversations a rapide-
‘ment augmenté. Et bientot, en suivre une devient
excessivement difficile. Sans regrets inutiles : il est
déja évident quon ne comprendra pas grand-
chose. « Darmstadtium », «roentgenium », «coper-
nicium », «dubnium ... les mots utilisés par ces
physiciens et ces chimistes sont dénués de sens
pour le commun des mortes. t pour cause: ls
font référence ité iques ab
it o I 1 B A e

Linstallation U-400, & Dubna, en Russie. JIiR/FLEROV

Clest que I'année 2017 est celle d'une éclatante vic-
toire pour cette discipline, si restreinte, mais & com-
bien prestigieuse et compétitive, quest la physique
des éléments superlourds. En effet, le 2 mars, au
cours d'une émouvante cérémonie organisée 3 Mos-
cou, I'nternational Union of Pure and Applied Che-
mistry (lupac), la seule instance habilitée pour une
telle procédure, a solennellement achevé I'cinaugu-
ration» de quatre nouveaux éléments chimiques,

insi leur le monde ma-

éléments chimiques, créés artificiellement dans
de grands accélérateurs, de méme nature que
T'hydrogéne, I'hélium, le chrome, le plomb, Tor ou
T'uranium détectables en quantités appréciables
sur Terre, mais plus lourds, beaucoup plus lourds..
«Superlourds», dit-on méme ici.

Heureusement, ce que le vocabulaire peine a faire
saisir, le langage du corps Iexprime, aisément. Et il
devient bientot évident que la bonne humeur de
T'assemblée ne s'explique ni par le large choix de
zakouski mis & la disposition des convives, ni parla
joie des retrouvailles entre spécialistes de toutes
nationalités. Elle traduit un sentiment général de

tériel. Et pas n'importe lesquels! Mais précisément
ceux qui,ajoutés 3 deux autres adoubés en 2012, per-
‘mettront peut-étre aux physiciens d’avoir enfin les
moyens de résoudre un vieux probleme relatif aux
caractéristiques générales des corps simples.
L'exploit est de taille. Par convention, les élé-
ments chimiques sont classés selon un ordre
croissant en fonction du nombre de protons que
contient le noyau de leurs atomes autour duquel
tournentles électrons. Ainsi, I'atome d'hydrogéne
dont le noyau posséde un seul proton est élé-
‘ment numéro un. L'hélium, qui a deux protons,
1'élément numéro deux Le lithium, le trois... etc.

les festivités du  «b des
soixante ans du Laboratoire Flerov des réactions
nucléaires (FLNR) battent leur plein. La vodka

prend des allures de revanche aprés des décennies
de déboires et de désillusions...

Les éléments désignés
dent, eux, aux numéros 113, 115, 117 et 118!
LIRE LA SUITE PAGES 4-5

Une sonde
vers Mercure

BepiColombo vise
Torbite de la planéte

la plus proche du Soleil
pour 2025. Un tour de
force dont le compte
arebours a commencé.
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A NOS LECTEURS

Dés la semaine prochaine
et jusqu'au numéro du 22aofit
daté 23300, retrouvez les deux
pages de la formule estivale

du cahier «Science &médecine»
dans le quotidien du mardi

daté mercredi.
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The ultimate Island of stabilit9




