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universite  New view on the radioactivity ?
SHN radioactivity has nothing special ...
But why do we know so few SHN ?
Were are the limits ? Why ? o
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.."]Irfu Reaching the limits

université Fusion-evaporation reactions
103% A ub : production few/s/pA
10? ;—
; Rf .
10 - 71/ | Challenge: sensitivity
- WA for the decay/de-excitation
= 'F 7ol Sg detection/study of nuclei lost
s ok Bh in a huge majority of
hd Hs unwanted events — a new
e Mt y Ds Fli Ly view is always needed.
10 % {) /lcn } ‘
10° ¢ , /T % { 4 pbarn : production ~ 20/month/pA
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.."]Irfu A lot of room for new isotopes !
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Neutron number, N
J Erler et al. Nature 486 (2012) 509
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.."]Irfu The discovery of the heaviest elements
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1898 - First discoveries by Marie Skiodowska-Curie
1598

polonium (Z=84)

radium (Z=88)
Uranium with neutrons in order to
1899 synthesise even heavier elements

actinium (Z=89) 1908
] radon (Z=86
1896 (2=86) 1917

Discovery of radioactivity by protactinium (Z=91)

AH. 3ecquerel l l

Radioactivity period

1896 1940
1940 1941 : 1939 1950

lifornium (Z=98
astatin (Z=85) californium (Z=98)
neptunium (Z=93)

1934

Enrico Fermi proposes to irradiate

Fritz StraBmann
discover the
neutron-induced
nuclear fission

francium (Z=87)

plutonium (Z=94) 1944 | = 60-inch-cyclotron group:

americium (Z=95) 2 L Tl Cooksey, Corson, Ernest 0. Lawrence 1949 .

Curium (2=96) Thornton, Backus, Salisbury, berkelium (Z=97)
Luis Alvarez und Edwin McMillan

Neutron period

1940 With Fermi’s method and the 1970 1952

1955 X 60”-cyclotron 7 transuranium (Z=93-98) could 1965 3
1952 mendelevium (Z=101) be synthesised. By irradiation of actinides nobelium (=102 dubnium (Z=105) 1974
einsteinium (Z:gg) with light ions the elements up Z=106 could be obellu 3 ( - ) 1969 seaborgium (Z=1 06)
fermium (Z=100) produced in Berkeley (CA, U.S.A.) lawrencium (Z=103) )
(z= and in Dubna (Russia). rutherfordium (Z=104)

Synthesis of SHE via fusion of heavy target nuclei with light projectiles

1952 1982 = 7 W[ The linear accelerator & 1994 1974
- 5 "8 7 . W|UNILAC and the darmstadtium  199¢
meitnerium (Z=109) o7 57 Wvelocity filter SHIP at GS| = (7=110) copernicium (Z=112)
1984 L i allowed for the synthesis of ma ' roentaenium
) elements with Z=107-112. . g
hassium (Z=108) . (Z=111)

1981
bohrium (Z=107)

1974 T At the Dubna gas-filled separator 1999
1999 2000 2002 2004 2004 . T the elements with Z=114-118 were RIKEN GARIS
flerovium livermorium 0ganesson moscovium  nihonium ' L i synthesized. This series of hot

- = = = = ~ i - fusion reactions was only interrupted
(z=114) (2=116) (2=118) (2=119) (£=113)- cold fusion it 2t by the synthesis of element 113 in

a cold fusion experiment at GARIS/RIKEN.

| |

Synthesis of SHE via fusion “hot fusion” (48Ca projectiles on actinide targets)
1999 2016
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Outline :

Historical notes : Studies using U decay, reactions with alpha and
neutrons

Fermi neutrons irradiations and evidences for transuranium elements
The discovery of fission, the liquid drop model

First transuranium elements

What is a superheavy nucleus: macroscopic and microscopic views...
From the chemistry to identification using nuclear properties

Genetic correlations, separators

Spectroscopy after alpha decay, interplay with atomic properties
X-ray identification

High-K isomers

Ground states properties : mass measurement and laser spectroscopy
New facilities

Naming of the elements

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres



.."]Irfu Subjects not covered in this lecture

Prompt spectroscopy (including particle spectroscopy after transfer,
coulex, ...)

* Reaction mechanism

» Fission barrier measurement
 Shape isomers

« Search for SHE/SHN in nature
* Chemistry

« “Exotic” predictions and phenomena (cluster radioactivity,
superdeformed gs, exotic shapes ...)

« “Exotic” techniques (crystal blocking, lifetime using X-ray fluorescence,

)

 Not so much theory

universite
PARIS-SACLAY
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.."]Irfu Historical notes

%L’Q.L‘é%i':‘é. 1899 Rutherford isolates a and B radioactivities
from uranium

1902 Rutherford and Soddy.
Emission of a — transmutation

dddood d

ARAQIUM  EMAN RAD.A RA0.8 RAD.C RAD.D RAD.E RAD.F

1ageyrs, # dys. 3mins. 2/mins.  2Bmins. | $0yrL & dys. 143 dys,
Y 0 | 5 i 1 71 B T T IO
W
ACTIVE DEPZSIT RAPID CHANSE ACTIVE DEPOSIT SLOW CNANSE

1908 Rutherford and Geiger : a =
Helium (from thorium emanations)

|4
Frederick Soddy
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AL 1911 Soddy, Russel : Relation between isotopes after alpha and

beta decay
TABLE IV.—Periobic ARRANGEMENT OF THE RADIO-ELEMENTS.

GROUP IN T A
Periopic System|oh| YA [INATIATA [TA | O | Is |Tle s [IVe | Vs [VTs| [f
ELEMENT oF tH
Br o vicins) - | T | T8 | Lo [Ra{Cs | Yo | P He (T2 [Pb |BL |Te ||

Wr | [~ Ur X,
<F R
WeXo L]
F :
WD T | Ra |2 {Rebnl 0 Re b | Ra Bofoc | |
+B §
(74
Ejces > MeasTH 1 Ro DF—-)B.. E—iK:F §
MBS Ra G |4 4] <
5 (Leap) =
5 g
R | <> X | T Bl o A |5 B BITec| | |E
Act ; ™ D
z/o
Re Act|}
LA
Ra Ack{ 2 oAt X o et En—y | Act A d?.’\—\tB-P—)yC o
| TR ki

Placement of elements in columns. Chemical similarities with known

elements. Rules to change column after alpha and beta decay.
A.S. Russell, The Chemical news CVII (1913) 49.
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ALL CLEMENTS N THE SAME PLACE
IN THE PERIODIC TABLE
ARE CHEMICALLY NON-SEPARABLE
AND (PROBABLY)
SPECTROSCOPICALLY INDISTINGUISHABLE

215
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[ChEsIur]
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F. Soddy. Rep. Brit. Ass. Adv. Sci, 83 (1913) 445
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université 1919 Rutherford Transmutation using a « beam ». a + Nitrogen.

PARIS-SACLAY ) ) ) ]
First nuclear reaction ! Interpreted as a + Nitrogen — p + something
Phil. Mag. 37 (1919) 537, 562, 571, 581

1924 Blackett. Visualization of the

reaction using a cloud chamber
P.M.S. Blackett, Proc. Roy. Soc. A 107, 349 (1925)

B, c
G 4}’\'0‘
L)
F vE %
%

C.T.R. Wilson, Proc. Roy. Soc. A 87, 277 (1912)

— Use of a « beam » to induce nuclear reactions.

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 11



Wallrfu  The neutron discovery

E»‘LQ.L\Q%ELSJ;EQ 1930. Walther Bothe. Unknown radiations from a + °Be interpreted as
a+%Be - BC* - BC +y

1931 F. Joliot and I. Curie. Interpretation as high-energy protons by Compton effect
but inconsistent according to Majorana and Rutherford

1932 Chadwick. More sensitive device. Range of protons and impact of the unknown
particle on various gases. — Existence of a neutral particle « neutron » having the

same mass as the proton
Qeeliv-
:'l:

Pelazhms Barylus  Parallin
Smmros ol
GEA Pl

Te pumP

9 12 T ——— =
a + Be — C + n g\mm"m&d—;ﬁ"”ﬂ;

James Chadwick

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 12




®alirfu Artificial radioactivity

universite  |réne and Fréderic Joliot-Curie, 19%4
a (¢'%Po source) + 47Al @ n —> Stable

New isotope, radioactive

Then with 1B, 2*Mg, ...

— reactions with a

— application of radioisotopes
— Speculate production of

new radioelements using p, d, n -
C.R. Acad. Sci. 198 (1934) 254

... Drawback of using of a « beam » to induce nuclear reactions: limited to

Z~15 due to coulomb repulsion... Not possible to go beyond. Also rather
low vyield.

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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.."]Irfu Fermi : neutron induced reactions

université «  Work initiated by Orso Mario Corbino

- * Neutron produced using Rn alpha source (800 mC) + Be. Rather low
neutron production (1000 n/s/mC) but compensated by high cross-
section of neutron-induced reaction

« Systematic investigation in Roma of neutron-induced reaction along the
periodic table for H to U.

Methodology

B decay Neutron source inside
— lrradiation 4X + n —» 4tlx —— 411y

— (chemical separation)

— Detection of radioactivity (j3-)
Using a Geiger-Muller counter
— — lifetime and eventually -
energy using absorbers

About 30 new isotopes discovered !

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 14



.."]Irfu Fermi’s tools
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Geiger-Muller counter
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Oscar D'Agostino, Emilio Segré, Edoardo Amaldi, Franco Rasetti, Enrico Fermi
(picture taken by Bruno Pontecorvo ?)

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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Ausonium and Hesperium

Possible Production of Elements of Atomic Number Higher than g2

By Pror. E. FErmi, Royal University of Rome
Nature 133 (1934) 898

In this way it appears that we have excluded
the possibility that the 13 min.-activity is due to
isotopes of uranium (92), palladium (91), thorium
(90), actinium (89), radium (88), bismuth (83),
lead (82). Its behaviour excludes also ekaceesium
(87) and emanation (86).

This negative evidence about the identity of the
13 min.-activity from a large number of heavy
elements suggests the possibility that the atomic
number of the element may be greater than 92.
If it were an element 93, it would be chemically
homologous with manganese and rhenium, This
hypothesis 18 supported to some extent also by
the observed fact that the 13 min.-activity is
carried down by a precipitate of rhenium sul.
phide insoluble in hydrochloric acid. However, as
several elements are easily precipitated in this
form, this evidence cannot be considered as very

strong. [3 [3

(Tc was not yet discovered)

238 + n — 239 _, 23993 _, 23994

Elements named Ausonium and Hesperium by Franco Rasetti

CEA DREF Irfu

Ch. Theisen - EJC 2017 Les Issambres
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grglg\_/&asg;cé. Several decay products found with 10s, 40s, 13 and 90 min lifetime.
Attempts to prove due to Z=93 using chemical separation.

| A | A B B | VB | IB '|.I'IIEI! Wil | 1B UB | MA | MA | YA WA VIA O
1 7
H Ha
WE 5 | 8 | & | B8] ¥ | W
Li =] B 0 I o F Me
11 17 15 14 15 15 17 16
Ha Mg Al sl F 5 cl Ar
19 | 20 21 | 22 | 23 | 24 | 25| 28 | 27 | 28 | 29 30 | 31 | 32 | 33 | W | 3B %
| Ca a0 Ti W L bdin e GO Mi | Cu Fi (g (Al H 1Y G [
ar 34 30 40 11 42 {13} A4 15 46 | A7 18 44 a0 o1 L2 53 a4
HE s ¥ r Hh Rin i Hh B A (s} I En 5h [& I e
hb 46 L 2 (E i ) /6 fr | rd | BD #1 He #a 1 | (85 85
H [ia I 1 Ta Wy Ri: (81 li Pl | A Hg | T Pt ]l Fi An

(A7) | fa ik an o1 a2 fon ) @4 | (95 | @6) | (973 (BE) | (99)
R Ao Th Pa L
Li L Gl 6O | (61) | 62 63 | 64 | 65 86 | &7 it (Y] k] M1
| & Can Pi Ik &im Fu ETH Th M Ha Fi Tim h i

Periodic table in the 1920s-1930s following Moseley’s work (identification of new elements using X-ray
spectroscopy)
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Bohemium Z=93

Claim for discovery of element 93 by
Odolen Koblic, a Czech engineer.

Found in pitchblende ores. Chemical
solution acidified with nitric acid then
thallium nitrate added

«Just as expected a vermillion coloured
crystalline sediment appeared ».

Chemical analysis using hydrogen
sulphide.

Bohemium (Bo) in honour to fatherland.

Chemiker-Zeitung 28 (1934) 581

Retracted the same year (Koblic, O. Chem.

Obzor. 9 (1934) 146)

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

Odolen Koblic
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.."]Irfu 1938 : Fermi Nobel lecture

université December 10, 1938

“We concluded that the carriers were one or
more elements of atomic number larger
than 92 ; we, in Rome, use to call the
elements 93 and 94 Ausenium and
Hesperium respectively.”

PARIS-SACLAY

2017 09 28-29

» After the Nobel lecture, Fermi leaves to the
US.

« The Roma group was already dispersed —
no continuation of the transuranium

neutron-induced studies from 1935

CEA DREF Irfu

Rasetti 1935 — US — Canada
Pontecorvo 1936 — France then Canada then UK then
URSS

Segre 1938 — US

Amaldi 1939 — US Footenote in Fermi’s lecture :
“The discovery by Hahn and Strassmann of barium among the disintegration products
of bombarded uranium, as a consequence of a process in which uranium splits into
two approximately equal parts, makes it necessary to reexamine all the problems of
the transuranic elements, as many of them might be found to be products of a splitting

of uranium.*”

Ch. Theisen - EJC 2017 Les Issambres 20



Element 93 confirmed at Berlin... and much
.."]Irfu more !

%L’Q.L‘é%ﬂ:‘é. 1935 : neutron induced reaction repeated by chemists Hahn,
Meitner and Strassmann at Kaiser Wilhelm-Institut far Chemie,

Berlin (and in other places)
Compared to Fermi group, improved chemical separation, more

lifetime component identified and better lifetime measurement.
.

1. U4n—29'0 AN 22 FEka Re _8 5 'Eka Os AN
ShRka Ir —F > 23*Bka Pt —F >  Fka Au?

2. Udn—s UL, 9Eka Re —L> % *Fka Os - > | EkaIr?

8. U+n——> 2U L TFkaRe?

Meitner, Hahn, Strassmann. ZP 106 (1937) 249

P. Abelson using the Berkeley Cyclotron
as a neutron source (large flux) — no
conclusive results, no alpha decay
found.

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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1938 Irene Curie and Pavel Savitch. New approach: first
counting without separation — a new B- 3.5 h activity, but

chemistry uncertain (looks like La)
C.R; Acad. Sci. 206 (1938) 906, 1643

Hahn and Strassmann, activity follows a Ba carrier

— isotope of Ra (in the same column) ?

Meitner leaves Germany, still close contact
With Hahn. Some doubts on the Ra
result (need two a emissions).

Hahn and Strassmann. Fractional
crystallization (M. Curie method)
— No Ra

— product is Ba

O. Hahn and F. Strassmann, Naturwiss 27 (1939) 11 (in German).

A result that “contradicts all the
experiences of nuclear physics to date”

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

Fritz Strassmann

n' n!
o ° . FUranium - .
compounds

Neutron source

‘ ﬁ (§oln)
‘Ra’ (soln) BaCl, 3 " ‘Ra’ (soln)
| + carrier —* &
soln Ba?* (soln)
! ‘Ra’ (soln) ‘,: H 00,5 Soln
& soJ:n — BaC 03(5) +
Ba® soln ' ‘Ra’'COs(s)
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+A -
&
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B e
crystallization
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A Hahn-Meitner-Strassmann device at Deutsches Museum,
% Munich
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.."]Irfu Fission ...

%L’Q.L‘C-.?Efﬁe Christmas 1938 : Lise Meitner meets his nephew Otto Frisch in
Sweeden. During a hike outdoor, they discuss recent results by
Hahn and Strassmann, and conceive the fission process.

Estimate energy released by fission ~ 200 MeV using the liquid drop
model.
L. Meitner and O. Frisch, Nature 143 (1939) 239

iN DERMARK, WHEN D, METTNER
A EARD B TiE EXPERIMENTS... *

r MO WOMDER DR, MEITHER

15 S0 EXCITED. SHE THINKS, Y -
FEEMAFS, THE UIRARNILLS
ACTUALLY *FISSIONED, OR
EF'I.I-T N TWOD S

j.

j :.} ! t. ¥ : :.
KRYPTOM LEFT BY THE ﬁﬂ‘ A i“l [
| SPUT wEIGH LESS THan AL i AR
THE ORiGAL URANUM. | TR b
COULD THAT MEAMN.. AY -
ﬂl. - LA, I'- |

s o - r L o —-— - -
5 :{t DRk =]
u_f;j\ g ':'l:..,l_.ﬂ.?:‘l.._:'_..'-'.ﬁ' ""'I..i."'-l"!."ﬂ., mﬂ—nmu s
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.."]Irfu Fission, interpretation

universite Jan 1939 :

PARIS-SACLAY
* Frisch discusses with Bohr in Copenhagen “Oh, what idiots we all have

been ! Oh but this is wonderful ! That is just as is must be I'*
Frisch reminiscences « What little | remember », 1979

* Frisch first detects the fission fragments from uranium using an
lonization chamber — Nature 143 (1939) 276

» Fission also detected by Herbert Anderson et al, US. PR 55 (1939) 511
« Evidences that huge energy production is possible

» Frédéric Joliot detects fission fragment C.R. Acad. Sci 208 (1939) 341
(1939); J. phys. et radium 10 (1939) 159

Spring 1939 : Theory of fission by Bohr and Wheeler
(PR 56 (1939) 426), Frenkel (PR 55 (1939) 987)
using the liquid drop model

Dec. 1939 : about 100 papers on fission published !

Yakov Frenkel

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 25



.."]Irfu Slow neutrons

université 1934, Pontecorvo, Amaldi. Ag irradiation by neutron more eff|C|ent ona
PARIS-SACLAY
wood table compared to rock or metal = e

« Paraffin more efficient
« Water in garden fountain
even more efficient !

— neutrons slow-down by H
— neutrons spent more time

in the nucleus — higher cross-section
E. Fermi et al La Ricerca Scientifica 5 (1934), 282

Incident neutron data / ENDF/B-VII.1/ Ag107 I MT=1 : (ntotal) / Cross section

resonances

[ ™~
T~

. 1/v region

Bohr’s picture of neutron capture
Science, 86 (1937) 161

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 26
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.."]Irfu The liquid drop model

université _ .
Paris-sacLAY — Egrly versions by G. Gamow (1929), W. Heisenberg (1933) to account for

the mass-defect of the nuclei (Aston curve)

'iﬂt {lll H-l\.lq.if'ﬁ :I

-5 ®cn

-y 4

G. Gamow. Proc. Roy. Soc. A 126 (1930) 632
Water drop of a particles with surface tension

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 27



.."]Irfu The liquid drop model

L ] [l ] 3y
universite Heisenberg using Majorana’s exchange term

PARIS-SACLAY

20fF »
o Valeur expérimentale d'apres Aston
o , calevlee *
10F
) o
&
210 . .
0 L
O (XY N1
® . t m———
n':r ¢~
J ; 50 50

W. Heisenberg, Considérations
théoriques sur la structure du noyau
(in French!), congrés Solvay 1933

Continuation by Carl Friedrich von
Weizsacker (Heisenberg’s student).

W. Heizenberg, C.F. von Weizacker 1935

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 28



.."]Irfu The liquid drop model

université The Bethe - Weizsacker mass formula

PARIS-SACLAY

BE(A,Z)=a, A Volume — attractive
— short interaction range
— binding energy ~ constant = saturation

- a, Z2IA13 Coulomb — repulsive

-ag A%3 Surface : less neighbours — repulsive

(re)introduced by von Weizsacker (1935)
Z. Phys. 96 (1935) 431

-a, (N-Z)?/A Asymmetry

+ 0(A,2) Pairing introduced by Bethe and Bacher (1936)
Rev. Mod. Phys. 8 (1936) 82 "the bible”

Warning : liquid drop is not a phenomenological model, it is based on first
principles although in practice parameters are fitted on known masses

1939 Bohr and Wheeler, Frankel
Stability = balance between coulomb and surface terms

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 29



.."]Irfu Deformed liquid drop and fission barrier

université  Energy of a deformed liquid drop

PARIS-SACLAY

Ec(a) = EcO)1 - 2o - a3+ ), =

5
( 1 4

Es(a) = Es(O)|1 + —a? — —a* + .|

s( SO+ 3 105 )

Change of energy as a function of deformation :

AE = Eg(a) + Ec(a) — Es(0) — Ec(0)

2 4
— E<(0 —l—xaz——l-l—Zxa?’-I—...].
S()[S 105( )

| ac Z4/AY®  ac Z*
2 ag A3 2as A

Liquid drop instable if x>1 — Z2/A = 48
x = fissility parameter

238 + n — 239U + excitation energy — fission although x = 0,77

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 30



.."]Irfu Deformed liquid drop and fission barrier
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Energie Goutte Liquide (MeV/A)

CEA DREF Irfu

72 E
74 E
76 F
78 E

82 E
-84 E

82 F
84 E
86 F
88 E

48
e

158
64 Gd

208
82

Pb

IIIIIIlIIIIlllllllllliklll III|III|III IIIIIIIIIII 1
X S
7,

IIIITIIIIII]I]IIII]IIIIITI]IIII]Iilllll IIIIITIIIIIIIIIIlllIIIIIIlIII

310

126
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Déformation 3

Parameétrisation : Myers - Swiatecki NPA 81 (1966) 1
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.."]Irfu Liquid-drop fission barrier and lifetime

université. 98 (1 — .1‘J3
PARIS-SACLAY Bf — .
15 (1 + 2x)?

Es(0).

Penetration through the barrier : Wentzel-Kramers—Brillouin—Jeffreys

semi-classical approximation —

Ti 2(s) = In2 10~ exp(27By / /uwy)
/’zwf : barrier curvature ~ 0,5 meV

Nucleus X

2381 0.77
240py 0.79
255Fm 0.84
2%4No 0.86
256Rf 0.89
290F| 0.96

B;LDM
7.76
5.8
2.45
1.45
0.85
0.04

Ty2 (s) LDM
1.6 1021

3.6 1010
1.5108

6 10-14
310"

1.1 10

Warning : nuclei assumed spherical in their ground-state.
Deformation systematics came later (eg Townes 1949)
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.."]Irfu Spontaneous fission ?

université  Predicted by Bohr & Wheeler in their seminal paper

PARIS-SACLAY

2017 09 28-29

Although nuclei for which the quantity Z*/4 is
slightly less than the limiting walue (11) are
stable with respect to small arbitrary deforma-
tions, a larger deformation will give the long
range repulsions more advantage over the short
range attractions responsible [or the surface
tension, and it will therefore be possible for the

nucleus, when suitably deformed, to divide

spontaneously. Particularly important will be

Predicted lifetime ~ 103° s ~1022 years for 23°U
Physical Review 56 (1939) 426

Search for spontaneous fission by chemist
W.F. Libby, 1939 (Berkeley)

Detection of neutrons

— Uranium, thorium T1/2 > 10 year
Phys. Rev. 55 (1939) 1269

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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.."]Irfu Consequences of the liquid drop

1 : heavy nuclei can fission spontaneously

2 : fission releases energy

3 : one can estimate the Qg , Qg,, Qa decay energies

4 : most stable nuclei = Beta line of stability « Green approximation »

[
universite
PARIS-SACLAY

A |
L= E[l + ‘i.q?f-‘]
4 ay

5 : neutron and proton

drip lines %
6 : upper end of the

nuclear chart

184
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.."]Irfu Spontaneous fission by Flerov & Petrzhak

université  Context = possible use of nuclear energy

« Can be produced using 23°U, but problem = isotopic separation
(only 0,7 % 23°U in natural U).

« Work investigated by |. Kurchatov : search for alternate solutions
(238U in particular) using different neutron energies

L }"3‘ /
G.N Flerov and Georgy Nikolayevich |lgor Kurchatov, 1933

Konstantin Petrzhak, 1940 Flerov, 1940
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.."]Irfu Multilayer ionization chamber

[
universite
PARIS-SACLAY

diMe

.....

Multilayer fission ionization chamber: 15 plates area = 1000, 6000 cm2,
uranium oxide p ~ 10-20 mg/cm?

Signal without neutron beam : ~ 6 counts / hour

Several cross-checks : vibrations, electronics noise, alpha pilup,
gas discharge, several chambers, effect related to U quantity,
measurement of the signal, amplitude (about 160 MeV).
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université  Fission induced by cosmic rays ?
— test in a Moscow subway station (Dinamo) 50 m underground

PARIS-SACLAY

2017 09 28-29

Spontaneous Fission of Uranium

With 15 plates ionization chambers adjusted for detec-
tion of uranium fission products we observed 6 pulses per
hour which we ascribe to spontaneous fission of uranium.
A series of control experiments seem to exclude other pos-
sible explanations, Energy of pulses and absorption proper-
ties coincide with fission products of uranium bombarded
by neutrons. No pulses were found with UX and Th.
Mean lifetime of uranium follows ten to sixteen or
seventeen years.

FLEROV

PETRJAK
Physico Technical Institute (F),
Radium Institute (P),
Leningrad, U. S. S, R.,
June 14, 1940 (by cable).

» Shortest nuclear physics paper ever ?

» Kurchatov not signing the paper

« Which U isotope ? (later identified as 238U).
» Lifetime =7

* More detail in Russian journals
Reminiscences in Petrzhak & Flerov : Soviet. Phys. Uspekhi 4 (1961) 305
* No reaction from the west countries....

CEA DREF Irfu
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PR 58 (1940) 89
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®alirfu Idiots ?

universite  Alternative interpretation of Fermi

experiments by |.Noddack
Angewandte Chemie 37 (1934) 653 (in german)

“It is conceivable, that when
heavy nuclei are bombarded by
neutrons, these nuclei break up
into several larger fragments,

which would of course be isotopes of known elements but not
neighbours of the irradiated elements.”

'|da Noddack

But comment ignored. Noddack'’s reputation was not that good in
particular since she claimed discovery of Z=43 which could not be
verified.
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Fission was already postulated in 1930 !

Henry A. Barton. Phys. Rev. 15 (1930) 408

« A new regularity in the list of existing nuclei »

A paper in a series trying to explain regularities in (e-,p) plots (it was still
belived that nuclei we built from electron and protons only). This kind of
work lead to evidences for the shell model.

and electrons as the center of the symmetrical cluster. Such a nucleus has
not been found to exist in the earth’s crust and may hypothetically be re-
garded as unstable. Suppose there to be a tendency on the part of this

nuclear type to break into just two nearly (but not precisely) equal parts.

The products of any one such event would be (804X, 45+ ¥) and, since the
second part is postulated to contain the rest of the nuclear matter, (80— X,
45—Y). Obviously there would thus come into existence always two nuclei
svmmetricallv located X. ¥ and —X. — Y units respectivelv from the svm-

metry center (80, 45). The possible values X, ¥ would presumably be
governed by nuclear forces of cohesion. That is, like a crystal, the nucleus

might have particular surfaces of division more probable than others.

Actually Barton postulated fission !!
... and asymmetric fission modes !

(speculation not based on anything, and which does not explain the
regularities)

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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:‘]l ‘ What was observed by Fermi, Hahn &
e Strassmann, Curie and Savitch

université I Ut 190 £ 2'Eka Re —s %'Eka O —s

ks Ir —F > %30Eka Pt —> o Fka Au?
2. U4+n—-s1*0'0 AN 1% Eka Re N 578 Eka Os B ostika Ir?

3. Ut+tn—rs @ %Ek@ Correct !

sBa = gla = Ce = Pr = o(Nd =...

on + U

b KT = 1 Rb = St = )Y = ,7Zr— ,Nb— ...

Experiment repeated 1971 : H. Menke, G. Herrmann. Rad. Acta 16 (1971) 119
At least 22 fission products

66h : %Mo (67h) + 32Te (78hr)

2.5h : 132] (2,26h)

Other complicated mixtures e.g.

16min = 101Tc+101Mo+131Sh+131Te+130Sb (18min)

3.5 h Curie & Savitch activity : mixture of Y and La isotopes
Herrmann, radioch. Acta 3 (1964) 164.
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.."]Irfu Sequanium Z=93

[
%LQ.'S\.QSELSA'\FQ Horia Hulubei and Yvette

Cauchois.

Search for element 93 in natural
samples.

Analysis of minerals betafite from
Madagascar, tantalite from
France. Chemical analysis + X-

ray spectroscopy.
C.R. Acad. Sci 209 (1939) 476

LASER VALLEY, LAND OF LIGHTS

P o
Ty - 'F G
Horia §

Hiulubei

[THMG - 1972)

Fondatorul Institutului

: de Fizica Atomica

]

:ROMANIA
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Walirfu Discovery of elements 93, 94

%L’Q.L‘é%ﬂ:‘é. 1930’s : first electrostatic accelerator by John Douglas Cockroft and
Ernest Walton, cyclotron by Ernest Lawrence

Very fast development of cyclotrons in the US then in other
countries: Russia (1934), UK (1935); France(1937), Japan (1937),
Denmark (1938); Sweeden (1938), ...

1933 production of neutrons
using a 27 inch cyclotron at
Berkeley : M. S. Livingston, M. C.
Henderson, and . E.O. Lawrence.
d (1.3 MeV, 108 A) + °Be —
0Be+n ~ 500 000 n/s.

PR 44 (1933) 782

Livingston and Lawrence, 27" cyclotron
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.."]Irfu Neptunium

université 1939 : Edwin Mc Millan and Emilio Segré. Berkeley Cyclotron. Neutron from

PARIS-SACLAY

2017 09 28-29

d(8MeV) + 8Be reaction.
23-min activity from 23°U isotope.

Observe a 2.3-day activity. Daughter of 23°U ? Chemistry — rare-earth.
PR 55 (1939) 510, 1104

1940 : McMillan and Alberson. Experiments in
Berkeley and Washington.

2.3 day activity is not a rare-earth, not homolog to Re.
properties similar to U !

Second « rare-earth » group starting from U ? 7ds
2.3-day activity is the daughter of the 23-min U activity | 4%
— proof 2.3-day activity corresponds to 23993; low L A\
energy beta particles

— Unsuccessful search for 23994
PR 57 (1940) 1185

Edwin McMillan 1940
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.."]Irfu Neptunium

[
universite
PARIS-SACLAY

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

47



.."]Irfu Plutonium

universite Search for element 94 starting from 1940.
PARIS-SACLAY

McMillan : d(16 MeV)+238U, continuation by Seaborg, Kennedy, Wahl. New activity 2
~ days (238 236 0r 23593

Observation of daughter a activity (proportional counter) with lifetime ~ 50 years —
23894 (modern value = 87,7 years).

Not a formal proof however but letter sent to PR on January 28th, 1941.

Continuation to identify chemically the alpha emitter
— product has chemical properties similar to U, but different to Os
Letter sent to PR in March 7th 1941

In parallel continuation of the Mc Millan and Segré work using neutrons

Alpha activity (ionization chamber) of the 23°93 daughter — 30000 years (modern
value = 24110 years)

Letter sent to PR May 29th, 1941

Voluntary restrictions on publications of papers on fission and transuranium
elements: potential application for energy production.

(explains why nobody reacted to the discovery of spontaneous fission)
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.."]Irfu Plutonium

[
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2017 09 28-29

Physical Review 69 (1946) 366

Radioactive Element 94 from Deuterons
on Uranium

G. T. SEaBorG, E. M. McMILLAN, J. W. KENNEDY,
AND A. C. WaAHL

Department of Chemsstry, Radiatson Laboratory, Depariment of Physics,
University of Californja, Berkeley, California

January 28, 1941%*

E are writing to report some results obtained in the
bombardment of uranium with deuterons in the
60-inch cyclotron.

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

Physical Review 69 (1946) 367

Radioactive Element 94 from Deuterons
on Uranium

G. T. SEABORG, A. C. WAHL, AND J. W. KENNEDY

Department of Chemisiry, Radiation Laboratory, Department of Physics
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
* This letter was received for publication on the date indicated but
was voluntarily withheld from publication until the end of the war.

1 G. T. Seaborg, E. M. McMillan, J. W. Kennedy and A. C. Wahl,
Phys. Rev. 69, 366 (1946).

PHYSICAL REVIEW

VOLUME 70, NUMBERS 7 AND 8

OCTOBER 1 AND 15, 1946

Properties of 94(239)

J. W. KenNepy, G. T. SEABORG, E. SEGRE, aAND A. C. WAHL
Radiation Laboratory and Department of Chemistry, University of California, Berkeley, California

(Received May 29, 1941)*

* This letter was received for publication on the date
indicated but was voluntarily withheld from publication
until the end of the war. The original text has been some-
what changed, by omissions, in order to conform to present
declassification standards.
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.."]Irfu Chemical identification : what was wrong ?

[
universite
PARIS-SACLAY

| 1A [ 1A mB |vB|vE |WIB ViIE Vil (1B 0B | WA [ VA | VA VIA WA O
1 .
H Ha
" 5 | @8 | £ | 8| % | 10
Li =] B 0 I o F Me
11 12 15 14 15 15 17T 16
- kg il al F = Ll
1 | 20 2 |22 |2 |24 | 5| |z |28 | 2@ 30 | 31 |32 | 3| M| B %
Ca a0 | Ti W L bdin e GO Mi Cu i (g [ETH FLtH A G [
a7 |38 30 | 40 | a1 | 42 Jem) a4 | a5 | 46 | a7 a2 | 49 [ s0 [ 51 | 52 | ma  s4
HE ar ¥ £ Hb [L]5] i Hh 4 A0 Cd In =n sh 23 | B
e} 4hb .'Jl"-l"'l 2 3 4 i ¥H fr o 4 all &1 bt Fa ] - Ba | () o
H [ia Lo | I Ta Wy Ri: (81 T . i Hy i Pt ]l Fi An
(B7) | 88 @3 | 80 | g2 fonl @4 | o5 | @8 | @ e | E)
R Ac | Th Pa L
Ly . b Ll Lill {51 ) £ B3 Lid iy bis ki kit ‘ it Lkl | I
| & Can Pi Ik &im Fu ETH Th M Ha Fi Tim h i

Periodic table ~1930 : Z=93 same column as Mn, Tc, Re
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.."]Irfu The actinide serie

@
universite |
PARIS-SACLAY H
1000
3 L] 5
Li Be a
[ W -] 01 LN
i [} 3 5
Ha Mgy I 1] Al
T WRT | 24 32 TEWT s T
9 20 g1 22 23 24 25 4 2T 28 29 30 3
K Ga Se Ti v Cr M Fa Ce Ni Cu In Ga
LR & Of Lt AT B &0 9% Sz o 4493 Eham R A5 61 AT A% 3 [T & ]
.74 is 39 &40 L1 42 43 44 4% a8 4T 48 43
Rb Sr ¥ Zr Ch Ma Ay Rh Pd Cd In
Bhal | aTad | same | wEp sE e | saws T W0 8l it | woresd| e | nave
35 56 | - T2 73 T4 by ™ ™ Ta 78 a0 1]
Cs | Ba |ea|5l| WE | Te W Re | Os Ir Pt Au | Hg | T
e 137 36 e AL W0 B | oD R i M [ 1] I‘_ IBEE BEEN | 13TR BO0DE | DS ¥ | ROT
ar B8 | %9
re --.‘~-|F'. VI R e
anrasane [T [T T8 & o & s Tes e e Tas T Glen Seaborg
La Ge Pr Wd Sm Ew Gd Th Dy Ho Er RL ™ Lw
SERIES o g s | DR Azt moben | B0 =R ] 1y LT TR ] wTE wae | maoa | itTe. e
as 90 N 9z 93 84 95 o6
ACTINIDE | 4, ™ | Pe u Np | Pu
SERES gz | 2m | zeor| 232

Actinide concept : Glen Seaborg ~ 1944
Table from G. Seaborg, Science 104 (1946) 379
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v T E Periodic table (extendad farm)
Superheavy elements may not exist, and may not follow the order of this table even if they do exist

a3 | 6| F 8 gl o

B C W O F HNe

3II 1314 15 18 [17 18
AlSi P S € Ar

4II 2 22 23 24 25 26 27 26 23 30 3132] 3334 3538
Se Ti ¥ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

sii 33 40 41 42 43 44 45 48 47 48 49 50 51 (5253 54
Y Zr Nb Mo Te Ru Rh Pd &g Cd ln Sn Sb (Te | | Xe

ﬁii 57 58 59 B0 G1 B2 63 64 65 65 67 68 B9 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 85
La Ce Pr bd Pm Sm Eu Gd Th Dy Ho Er Tm b Lu Hf Ta W Re Os I Pt Au Hg Tl Pb Bi Po At Rn

Tii §9 90 91 92 93 94 95 95 OF 05 99 100101 102103104 105106107 108109110111 112113114115 116117 118
Ac Th Pa U Mo Pu AmCm Bk Cf Esz Fm Md No Lr Rf Db Sg Bh Hs Mt Dz Rg Cn Ut Fl Uup Lv UusUug

8 118120121 122123124 125126127128128130131 132133134 135136137 138139140141 142143144 145146147 145149150151 152153154 155156 157 156159160161 162163164 165 166167 168
Uhze Ll LI Uitk Ukt U Ubp lbh Uk Lo Ube: Utn Lbu Uit U Lty Ut Uth Lis Lo Lbe Ugn UlepaUegk Degt Ul Ulegal e Loy Ul o Ulge UpnlUpu Upk Ut UpegUipg Uk U Upo Lipe U bin Db Dk Uk Ukeg Ubg Uk Uks Uiko
AB9ATOI T AT 2173174175176 177 178179180181 182183 184 185186187 183 189190191 192193 194 195196 197 195 199 200 201 202203 204 205 206 207 208209 210211 212213214 215 216217 218
UheUsnlsulshb Ust UsgUspUshUssUsoUse Uon UouUdh Uot Uog Uop UshUos Uoo Uoe UenUeulleh Uet UegUepUehUes Ueallee BnnBrnuBnk Bnt BrgBngp Bink Bins Bro Bre Bun Buw Bul: But Buc Bup BuhBus Buo

<
Blocks of the periodic table ST=E
B s-block ] peblock d-block | £block
Predicted elements are coloured in a lighter shade:
' s-block | peblock d-block | Fblock | g-block
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e QNG RIACEMENE. IN the periodic table

GROUP IN I‘
Periopic SysTen || XA [IYATITA [TTA (TA | O | Is |ILs (Is [IVs | X8 [WTs
ELEMENT OF
IGHEST ATOMIC WEIGHT LL ;ﬁ Ta | La |Ra | Cs | Xe | Aw Hg T 1P | Bl e
d
We | —a—yyx, Ac Fr |Rn
vl
P
U.trZ-:-&Io e Ra 7 |Rabn| | Ra A | —> RaBE-) C
8
TR > MescTR]1 hv%‘%&aﬂy
Mo RlT ("L‘*G’)‘/d
EAD
F
RoTh | —> X [~ TAEm —— TR A |— >T§B-F%Tﬁc
4op
ﬁd: m D
zo
Re frct{t
L)
Rt 2 At X | lAct By 3 A A|—> o
Act P

"SIUMBII-0IPDY] Y] PUD WASAS NPoLI]

A.S. Russell, The Chemical news CVII (1913) 49.

CEA DREF Irfu

Ch. Theisen - EJC 2017 Les Issambres

16

53



.."]Irfu

[
universite

PARIS-SACLAY co0PM™ s 200
LEAD
205 S0 205
7 ALL CLEMENTS IN THE SAME PLACE
: IN THE PERIODIC TABLE
\ O & | ¥ MICALLY NOHN-SEPARABLE
& [roare] AND (PROBABLY)
At |- R SPECTROSCOPICALLY INDISTINGUISHABLE
[xenon] - . _ .
~_ 0 - 25 Wrong electronic configuration
IA .. .
\Rn Fncsmrﬂ € serie
. ] za/l Ac
20 \ | _IA 220
NG T
@ ANUM]
1o \ \225 N (ORI =4 22
é \ @ \ 5 [TaNTAL-
u MTA
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g K
= — - RAY (R RAYLESS) \
i CHANGE 235
@ {2
C
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5 4 3 , 2 . ! : 0 240

F. Soddy — Rep. Brit. Ass. Adv. Sci, 83 (1913) 445
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.."]Irfu Element discoveries and errors

université Discovery of new elements : an history full of errors (and
fakes)

468, Gerhard Krtigs und L. ¥, Nilson: Studien
tiber die Componenten der Absorptionsspectrs erseugenden
seltenen Erden.

{Vorgetragen in der Sitzang vom 25. April von Hm. Gaerhard Kriiss)

L

Im Anschluse an eine Untersuchung @iber das Aequivalent und
Atomgewicht des Thoriums 1) untersuchten wir such die anderen neben
der Thorerde in den Thoriter von Brevig und Arendal vorkommenden
seltenen Erden, Die Nitrate derselben lieferten sebr schine Absorp-
tiongspectren, welche mehrere, den Didym-, Samsarinm, Brbin-, Thulium-
Verbindungen, sowie jenen der Soret’schen Erde X oder den Hol-
miumverbindungen eigene Linien aufwiesen.

Eine genauere Messung der Absorptionsspectren der Thoriterden
filhrte nun za der auffilligen Beobachtung, dass in diesem Falle nur
ein Thell eiviger den seltencn Erden sigenen Absorptionssireifen sicht-

Berichte der Deutschen Chelischen Gesellschaft zu Berlin 20 (1887) 2134

Claim for the discovery of 23 lanthanide elements, all wrong
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Date

Element

Discoverer

Reference Page Date Element Discoverer Reference Page
‘ 1919 Asteroid elements  P. N. Chirvinsky Chirvinskii, P. N. Bull. [nst. 411 1932 Alabamine E Allison Allison, F. et al. J. Am., Chem 328
' Crustaterrium, Polytechn. Don 1919, 7(Sect. (alabamium, eline) Soc. 1932, 54, 613,
i ial matter 5
:rm“mrdml matter 294 1933 Néo-actinium A. Debierne Debierne, A. Compt. Rend. 151
errium
3 Néo-radium Chim. 1933, 196, 770.
Chondrium,
. Néo-elements
Pallasium
- 1934 Ausonium E. Fermi and Fermi, E.; Rasetti, F.; 316
Siderium
Cosmium Hesperium co-workers D’Agostino, O. Ricerca
u n I Ve 1919 “Helium system” W. D. Harkins Harkins,W. D. Science 1919, 50, 445 Scientifica 1934, 6(1), 9.
PARIS-SA “Hydrogen” system 577. 1934 Bohemium 0. Koblic Koblic, O. Chem. Obzor 1934, 327
1921 Emilium P. Loisel Loisel, P. Compt. Rend. Chin. 284 9,129.
1921, 173, 1098. 1937 Eka-iodine R. De De, R. Separate (Bani Press, 338
1922 Hibernium J. Joly Joly, J. Proc. Roy Sec. A 1922, 270 Th-F; Gourium Dacca) 1937, 18.
102, 682, Dakin (Dacinum),
1923 Oceanium A. Scott Scott, A. J. Chem. Soc. 1923, 116 Dekhine
38, 311 1937 Moldavium H. Hulubei Hulubei, H. Compt. Rend. 323
1925 Neutronium A.von Antropoff von Antropoff, A, Z. angew. 444 Chim. 1937, 205, 854.
Neuton Neutronon Chem.1925, 38, 971. 1938 Sequanium H. Hulubei; Hulubei, H.; Cauchois, 320
1933 Element Z = zero W. D. Harkins  Harkins, W. D. Naiure 1933, 445 Y. Cauchois Y. Compt. Rend. Chirm. 1938,
131,23, 207,333,
1925 Masurium W. Noddack; Zlngalcs,.R. From masurium 310 1939 Dor H. Hulubei; Hulubei, H. Bull. Soc. Rourm. 331
I Tacke; O. Berg to trmafurllum: ﬂ\zt:ouiien‘l V. Cauchois Phys. 1944, 45, no. 82, 3;
story of clement 43," J. Cherm. Hulubei, H. Bull. Acad. Roum.
Educ. 2005, 82, 221-27.
. ) . 1945, 27, no. 3,124.
1925 Pragium G. Druce Karpenko,V. Ambix 1980, 27, 250
H . 1940 Helvetium W. Minder Minder, W. Helv. Phys. Acta 340
. JriRet e 1940, 13, 144
1925 Dvi-manganese Dolejsek, J.; Dolejsek, J.; Heyrovsky, 250 . . . e ! ) .
Heyrovsky, J. J. Nature 1925, 116, 782. 1942 Anglo-helvetium W. Minder, Minder, W.; Leigh-Smith, 342
1926 Illinium BS.Hopkins,  Hopkins, B S. Nature 1926, 296 A. Leigh-Smith  A. Nature 1942, 150, 767.
etal 117,792 1963 Sulfénium M. Duchaine Duchaine, M. P. J. French 88
1927 Florentium L.Rolla,etal.  Rolla, L. Nature, 1927, 119,637 296 Demande (May 4, 1973) 4 pp.,
1928 Hypon W. S. Andrews  Andrews, W. S. The Scientific 416 CODEN: FRXXBL FR 2149300.
Monthly 1928, 27(6), 535, 1972 T. W. Kow Zunzenium Kow, T. W., J. Chem. Educ. 392
1930 Alkalinium F. H. Loring Loring F. H. Chem. News J. Ind. 253 1972, 49, 59.
Sci. 1930, 140, 178. 1997 Quebecium P. Demers Demers, P. Le Nouveau 225
1931 Virginium F. Allison Allison, F; Murphy, E. J.; 323 Systéme des Elements: Le
(verium) Bishop, E. R.; Sommer, A. L. Systéme du Quebecium; Presses
Phys. Rev., 1931, 37, 1178. universitaires: Montreal,
1931 Element 108 R. Swinne Swinne, R. Wiss. Veroffentlich. 326 Canada, 1997,
Siemens-Konzern 1931, 10(No. 2004 Hawkingium Anastasovski, Anastasovski, P. K. AIP 393
4), 137. P.K. Conference Proceedings 2004,
1932 Adyarium Jinarajadasa, C.; Jinarajadasa, C.; Leadbeater, 439 699 (Space Technology and

Meta-Elements

C. W. Leadbeater

C. W. Theosophist 1932, XII,
36l.

Applications International
Forum—STAIF 2004), 1230.

- V. Karpenko. «The discovery of supposed new elements: two centuries of
errors». Ambix 27 (1980) 77

- Fontani, Costa and Orna «The Lost Elements: The Periodic Table’s
Shadow Side» Oxford University Press, 2014

Hundreds of wrong or fake discoveries listed !
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1890

Radioactive Decay
Bl Mass Spectroscopy
I Light Particles
Fission
B Fusion/Transfer
Il Spallation
B Projectile Fragmentation

M. Thoennessen & %1
MSU/NSCL - 2015 NSCL ¥

https://people.nscl.msu.edu/~thoennes/isotopes/yearchart-2015.mp4

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 57



Yalirfu Z=96-98

université  7=96 Cm : Seaborg 1944 (60" cyclotron)

PARIS-SACLAY
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a
239Pu(a’n)242Cm W02d38|:)u

AECD-2182 report, Chem. Eng. News 23 (1945) 2190

Z=95 Am : Seaborg 1944 (60" cyclotron)
238(q,n)24'Pu ~% y241Am
AECD-2185 report, Chem. Eng. News 23 (1945) 2190

Z=97 Bk : Thompson 1949 (60" cyclotron)
241Am(a,2n)243Bk4E§>] 234Cm
UCRL-669 report, PR 77 (1950) 838

/=98 Cf: Thompson 1950 (60" cyclotron)
242Cm(a,n)245CfA%r)n241Cm

UCRL-790 report PR 87 (1950) 298, 102 (1956) 747
(mass assignment was wrong in the 1950 paper)
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ﬂlrfu Einsteinium (Z=99) and Fermium (Z=100)
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First thermonuclear explosion
« Mike » November 1rst 1952,
Eniwetok Atoll

~10 Mtons

Explosion debris
collected by a plane transferred
to Los Alamos.

Results obviously classified.

Some new alpha-rays.

Albert Ghiorso, Berkekey obtains some samples.
— Discovery 253Es and 2°°Fm

In total 15 new isotopes discovered : 244.245.246py 246 A 246,247.248Cm
24gBk 249,252,253,254Cf 253,255ES 255Fm
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Fluence ~ 1025 n/cm?2. Time scale ~ 1 us
r-process : ~ 1025 n/cm?/s, 1-100 s

] No No Neo

250 751 752 5 55 757 258 | |
Md Md Md

i 257
Fm
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Mike results classified
— no publication of Es, Fm discovery possible
— « soft » synthesis using 238U('*N,6n)%*%Es

— 239Py 252Cf neutron captures in a material

testing reactor

Thompson et al PR 93 (1954) 908, Harvey, et al PR 93 (1954)
1129

Reactions of U?%® with Cyclotron-Produced
Nitrogen Ions*
ALBERT GHIORSO, G. BERNARD RoOssI, BERNARD G, HARVEY,

AND STANLEY G. THOMPSON

Radiation Laboratory and Department of Chemisiry,
University of California, Berkeley, California

(Received November 25, 1953)

HE acceleration of N*(+6) ions with the Berkeley Crocker
Laboratory 60-inch cyclotron! has made it possible to
study nuclear reactions of these ions with U%8,
The following transmutation products have been observed:
90247(2) 996 Cf244 Cf246 Cf207(0) Cf248, Bk24, and other berkelium
isotopes not yet identified. The identification of the elements

4 There is unpublished information relevant to element 99 at the Univer-
sity of California, Argonne National Laboratory, and Los Alamos Scientific
Laboratory, Until this information is published the question of the first
preparation should not be prejudged on the basis of this paper.

Ghiroso et al, PR 93 (1954) 257

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

New Elements Einsteinium and Fermium,
Atomic Numbers 99 and 100

A. GHIORSO, S. G. THOMPSON, G. H. HicGINs, AND G. T, SEABORG,
Radiation Laboratory and Depariment of Chemistry,
University of California, Berkeley, California

M. H. Stupier, P. R. Fierps, S. M. Friep, H. DramonD,
J. F. MecH, G. L. Pvi, J. R. Huizenca, A. HirscH,
AND W. M. MANNING, Avgonne National
Laboratory, Lemont, Illinois

AND
C. I. Browne, H. L. SmrtH, anDp R. W. SpENCE, Los Alamos
Scientific Laboratory, Los Alamos, New Mexico
(Received June 20, 1955)

HIS communication is a description of the results

of experiments performed in December, 1952 and

the following months at the University of California

Radiation Laboratory (UCRL), Argonne National

Laboratory (ANL), and Los Alamos Scientific Labora-

tory (LASL), which represent the discovery of the
elements with the atomic numbers 99 and 100.

The source of the material which was used for the
first chemical identification of these elements was the
Los Alamos Scientific Laboratory which provided
uranium which had been subjected to a very high in-
stantaneous neutron flux in the “Mike” thermonuclear
explosion (November, 1952). Initial investigations at

Ghiroso et al, PR 99 (1955) 1048
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mlg\_/sasg;cé. Plowshare program in the US on peaceful uses of nuclear explosion (1958-
1975)
 1961-1973 : 27 tests

* Mainly excavation techniques, and neutron flux studies (including ~10
tests for heavy element production).

« e.g. Hutch event June 1969 neutron flux 4,5 102° neutron/cm?/s
« Heaviest nucleus observed = 2°57Fm
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.."]Irfu Heavy elements and the r-process

université  Related questions

PARIS-SACLAY
« Production of super-heavy in nature; r-process : Supernovae
explosion

« Why nothing heavier than 2>’Fm in thermonuclear
Explosions ?

Need very neutron rich Fm nuclei to reach Beta-decaying
nuclei (because Z=100 deformed magic shell gap). But 256-258Fm
predicted too short lived.

1S e
- -« beta delayed fission ]
110F - spontaneous fission I— -
: o decay - |
105F = B~ = ]

Petermann et al . ;
« Have superheavy elements 100 .- E

been produced in nature? » N osF- -~ k
EPJA 48 (2012) 122 : ]
90} = g
85| : ]
golo s Lo b b Lo Do Ll
%00 120 140 160 180 200 220 240
N
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.."]Irfu Heavy elements and the r-process

universite  Production of super-heavy in nature; r-process : Supernovae explosion

PARIS-SACLAY _ : . .
100 | Time[s] = 0.00001 J

80
60 |
yA -
-3
-4
40 | =5
-6
-7
-8
20 ¢t -9
-10
-11
: -12
0 50 100 150 200 250

N
Stephane Goriely, Andreas Bauswein, Hans-Thomas Janka

https://www.youtube.com/watch?v=zouvhsFvKiM
See also S.Goriely, G.Martinez-Pinedo NPA 944 (2015) 158
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.."]Irfu By-passing the Fm gap...
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PARIS-SACLAY J.U‘t ] 1§ + 10 g
L
T t 1 month decay
1[}-20_
R TTR,. N W DY A AN PR
= .30k
& 10
E i
= 1[}'40' Nmad "
o i r s
il h T ) -
TEAN: 1
1[}'50— i r l‘
R v
] | T
i
16790 . .4 Y
single explosion: E 2 Y
- r e = -
| +1 mlnnth deca}f =3 :l|" mﬂﬂll
95 100 105 110 115

charge number

Soft (sic) mike-like thermonuclear explosions
V.l. Zagrebaev et al. EPJ Web of conferences 17 (2011) 12003
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.."]Irfu Search for SHE in nature

université A vast program with great hopes (and great fakes)

PARIS-SACLAY

See e.g.
Ter-Akopian and Dimitriev NPA 944 (2015) 177
Korschineka and Kutschera NPA 944 (2015) 190

And references therein
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.."]Irfu The limits of the periodic table

universite Oveview in « Superheavy elements and the upper limit of the periodic table:
early speculations ». H. Kragh. EPJH 38 (2013) 411

PARIS-SACLAY

19th century chemistry — no limitation

Bohr-Sommerfeld atomic physics ca 1920. Electron orbits ~ nuclear size

Swinne 1926, atomic physics. Possible existence of « transuranic » long
lived elements Z=98-102 then Z=108-110.

Minimum-time hypothesis « chronon ». Minimum period of revolution.
Flind and Richardson 1928 — Z < 97

Cosmic speculations. Long-lived elements descendants of early
radioactive state of the universe (Rutherford 1923, Kolhoster 1924,
Nernst 1928) — idea that one can find transuranium elements on earth

Jean 1926 Stellar matter. Center of the stars : elements Z~95.
Lemaitre 1931. Early universe = giant atom of ~ 10%4g

G. Fournier. Geometric lattice model of the nucleus. Maximum size of
the nucleus. Z=136, A=360. C.R. Acad. Sci. 203 (1936) 1495
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.."]Irfu Limit of stability : positron emission

PARIS-SACLAY

université  Nuclei for Z larger than 173 become unstable against positron
emission.

This is because the most deeply bound electrons from the 1s,,, shell
reach an energy of -511 keV

E $lkev] :
iti ontinuum
= ﬂ positive energy conti

bound

0 L
¢ states
S0 — o _ A
—— || 2% negative energy continbum =
—— {} 3% occupied with electrons
oo
1000}

Fig. 2. Binding energies of electronic states in atoms as function of nuclear charge Z. At Z_ = 173 the 1s-state dives
into the negative energy continuum.

See eg W. Pieper, W. Greiner Z. Phys. A 218 (1968) 327
J. Reinhardt et al, Z. Phys. A 303 (1981) 173

2017 09 28-29 CEA DREF Irfu

Ch. Theisen - EJC 2017 Les Issambres

68



.."]Irfu Fission vs liquid drop model
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Nucleus
238U
240Pu
255Fm
254N0

256Rf
290F

X

0.77
0.79
0.84
0.86
0.89
0.96

B;LDM

7.76
5.8

2.45
1.45
0.85
0.04

Swiatecki 1955 : correcting the
liquid drop-model for shell
structure may improve the

description of spontaneous

fission half-lives
PR 100 (1955) 937

CEA DREF Irfu
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Fission Barrier Height B;/MeV

15|

10 F

o (%))
TTTTTT

Ty2 (s) LDM
1.6 107

3.6 1010
1.5108

6 1014
310"

1.1 102

Tq2 (s) exp
0.6 1023
3.6 108
3.2 10™
2.9 104
6.2 103

0.60 0.70

Fissility Parameter x

Oganessian J. Phys. G 34 (2007) R165

[e2]
©



EI f Wheeler phenomenological approach.
e MU Superheavy » nuclei

université  After the discovery of the first transuranium elements (up to Fm), the limits
PARIS-SACLAY . .
of nuclear matter were not at the heart of discussion.

In 1955, John Wheeler coined the term « superheavy » during the (famous)
Geneva International conference on the peaceful uses of atomic energy

200 e

Zp 47 G-DECAY Telye
FISSION
T= 0 4sec.

#// S EWSSIoN
7R BECAY, S /// ’
, ,.l__‘.":'T'iy'!..‘- // f
o T > ///, ‘

Nuclei with T,, > 10* s

50 |-

Upper limit : Z~150, A~600

beorow /775 57 ESTIMATED LIMITS OF
W NUCLEAR STABILITY
Lrs”

[ I ] ] | ] |
4] 100 200 300 400 500 600 T00

0

Estimates based mostly on the liquid drop model. No shell effects included,
although the Nilsson Model was known and used to discuss fission barriers
(by John Wheeler itself). Calculations using both macroscopic and
microsocopic ingredients was not yet possible. Therefore fission lifetime
scaled empirically using Known actinides (Th-Fm).
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.."]Irfu Stability and shell structure (spherical)
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1949 : The spherical shell model (Mayer, Haxel, Jensen and
Suess).

« 1957 : G. Scharff-Goldhaber “There may be, for instance, another
region of relative stability at the doubly magic nucleus ;,5X319”
* 1966 : Lysekil symposium “Why and how should we investigate
nuclei far from the stability line?”
EpRTE L . L H. Meldner, Ark. Fiz. 36
0 = 1., (1966) 593, shell model
Deiee 5 7=114, N=184
24 |- . HE_“"_‘::?f‘-—'—f: “.. - Confirmed by
SN el T C.Y. Wong PL 21 (1966) 688
F O\ . e e (shell model)
ag |- \\ SN \:j\,‘\_\_ e e A. Sobiczewski et al.
o O\ SN T PL 22 (1966) 500
= 0 T\\. e (Woods-Saxon)
Vo ' \.\ T
\ WL \il:‘;:::\‘i_ ‘ = calculations using
: \ e s phenomenological potentials
96 - \ .
L e S [ ——
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.."]Irfu Effective forces

université  HFB calculations with Skyrme forces : Vautherin 1970

- + Davies 1971, Kohler 1971, Bassichis 1972, Rouben 1972 and
1977, Saunier 1972, Beiner 1974, Brack 1974, Cusson 1976,
Vallieres 1977, Kolb 1977, Tondeur 1978 and 1980

Spherical calculation for few nuclei, some simplifications
RMF calculations Gambhir 1990, Boersma 1993
— Z= 114 not refuted, although Z = 120, 126 or 138 also suggested

HFB calculations with Gogny force, Berger 1996 : Z=114 not magic !
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nuclei)

Skyrme forces by Cwiok, Dobaczewski, Heenen, Magierski and

Nazarewicz. NPA 611 (1996) 211

systematic calculations using self-consistent models (spherical

Skyrme and RMF : Rutz, Bender, Burvenich, Schilling, Reinhard, Maruhn
and Greiner, Skyrme and RMF forces. PRC 56 (1997) 238, Bender, Rutz,
Reinhard, Maruhn and Greiner PRc 60 (1990) 034304
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.."]Irfu Spin-orbit splitting
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1oV (r
I/l.s(?") = ( )
r or -
4 v b vir gﬁ"’ - -
o )
r-: r 2fss2 o
_ 2f72 U
Z~120 thae
1hgp2
Wia(r) [ Vis(r)
{ A r= > /\ r-_
| 3s1/2

Effect of spin orbit contribution cancelled or reversed
Splitting 2f;,, 2f,,
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.."]Irfu Complex nature of SHE

université  Level density increases
Spin orbit — orbitals flipped
Low j orbitals — can modify significantly the gap but not drastically the
binding energies — smooth island of stability

6 T vy 4 \\\ fb &
— 2d5/2 _m—— 2T 2

[ Pl [
— e ——1g7/2 r=———— -H-: fFJHE{?z' -
S lﬂ-ﬁ - /J— - Ain/2" 8
et — - 1 ~
52 |y = =T T mwa | 3
\_"-a,-./'_ ——_ lg‘-:ll."2+ 114 o — e — 2T, [ 2 m
-4 _““\__ — e Jp1 /2 - - — 2!'7;’2' 4 -t:
-6 ;\ o e 2032 — - 1132 3
% o 3pl/2 AR gy, S e 37T :
4 :/f ; -5\%—-; |f.9ﬁz‘ — /e " Q
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Wallrfu  Theoretical challenges

grglg\_/&asg;cé. Doubly magic character of predicted SHE not as marked as lighter
Nuclei such as 48Ca, 208Pp, ...
Island of stability smooth and not well localized.

140
130
N
2120
g
:5110
<
g140 | R T
o 11 | 1 %I
£ =
£ 130 N R SEE. LARE 2 oimE
Q—i i 40 ey «EHj: 11 I
120 5 @ g ¢ TP (S E i
= = %I [ JI. 1 II
110 z;. 50 =
160 180 200 160 180 g S i e Al
Neutron Nur & % - ESMETET] = g o]
50 o lsfe el IR Efelefelets H S
;:'.J[ L] I-F l:.‘ Il_l___- 7
40 of i A A

40 60 80 100 40 60 80 100
Neutron Number N
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.."]Irfu Deformed nuclei

université  First evidence by Schiiler and Schmidt (1935) in 151.153Eu, atomic
PARIS-SACLAY . . . .
spectroscopy — atomic structure is influenced by the nuclear deformation

Townes systematics 1949 of electric quadrupole moments

1950 : spheroidal model by J. Rainwater, unified model by Bohr and
Mottelson

1954 : Nilsson deformed shell model by S.G. I}!j_lsson

! WRLL ] ]
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.."]Irfu Ghiroso systematics of a-decay energies
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44
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T 3 T — -7
NEUTRON NUMBER

Ch. Theisen - EJC 2017 Les Issambres

pletion in the process of the filling of levels in the simple
single-particle shell model may be an oversimplifica-
tion because this is just the region where the strong

surface coupling caused by large spheroidal distor-
tion' ¥ or configuration interaction'*'® of several
nucleons may be important. In this connection one
might expect on the basis of either the Bohr-Mottelson'?
strong surface coupling model or the de-Shalit-Gold-
haber!® configuration interaction arguments regarding
trends of first excited state energies, that if the nucleon
configuration at N=152 involves only completely
filled levels, the first excited state energies should ap-
proach a maximum as is observed in the closing of
other shells’®%; the experimental evidence so far indi-
cates that this is not the case.** Thus it seems that the

152-neutron subshell may be of a fundamentally

different nature than the major closed shells.

PR 95 (1954) 293
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.."]Irfu a-decay energies
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.."]Irfu Harmonic oscillator — Nilsson Model
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.."]Irfu The Strutinsky method

universite. Energy = macroscopic + shell correction. NPA 95 (1967) 420

PARIS-SACLAY

Consequence on fission lifetimes:
Deformed vs spherical nucleus — shorter
fission lifetime for the same barrier height

Energy

0 Deformation

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres



®alirfu Predictions around 25°Fm Z=100, N=152
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.."]Irfu Spectroscopic data vs theory. N=151
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100 £ 100 CSM Zhang 100 7,*(624) — SLy4 Bender
1 XP. 1 . ]
0] 9217341 . p__ 921734 04 9127734
T 2py g Moo Bipy By, pg ) o e T R o
d) _ e) f)
. 11127[725]
712¥[613)] ———__ — - 11/2°[725] } —,
|PEINY . e e | ; ; 127501]",  —
g0 521622 — 6004 Y e s00412" [631] | 327[622]
—_, & y —— e
| = {2°1620) 112* 1620 ———
5004 1/27[620] \__ 5004 500 J i
I Ho— 1.+ 1...+ o \:
E 400- . SRR 400452 [622]\_ 400-{7/2 1613, — -
-~ 1 ’r—” 1 —% e — il +
W 300 ¥ 300 T 3004572 [622)
171216241 = 1 g | —_——
200 200 7[2+[624] i ‘_/—' 200 - 7/2+[624] _/
100- ; 100+ 100 - .
WS Cwiok _ WS Parkhomenko _ FW Asai
|9r2'1734] 9/27[734] 9/27[734]
i e 247cm 249Cf - gsst?%éEHs 3 255 T T zsmezsaNozsst 25739 E zqu_u 247Cm-249_Cf-251F M No °Rf
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.."]Irfu Where is the island of stability ?

université. * Shell corrections : disagreement between models (even around 252Fm)
PARIS-SACLAY . . .

» Lifetime : need to take into account all decay modes HFB
: 126

X
“ B 310ph

X
+
Z
P e
; RMF
o X
Z-1
A
X o

Z=2

L T [Tz

Fission
[ 29l [LeX Lv293
270Hs deformed : e WS
. 176 177
A” n |Ode|S 13 na" s - 174‘ 175
T 78T T2 G 5 298F|
. 112. Ci | ‘ ‘
mrg ™ [ e e e
110 D5 Ds 269 | Ds 270 | Ds 271 Ds 273 Ds 277 Ds 279 Ds 28}
M 266 268 270} MUZ74 | M2TS | M 276 o 2T 1 72
100 Mt 170 171

184

ml=a = =66 167] 160

= 161] 162 163 164‘

s 162

a4 | S prr A I 252Fm deformed :
137.138 139 140 141 142 143 144 145 148 147 148 149‘ 150 1594 159 153 154 155 WS, Z Or N With Some HFB, RMF
152
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.."]Irfu Fission

université  Fission lifetime calculation : a tremendously difficult task.
1: Which model for shell corrections : phenomenological WS —

PARIS-SACLAY

2017 09 28-29

CEA DREF Irfu

MHO, effective forces Skryme or RMF ?
qf T T F T ETET T TR T ] 10F
9 [¢]8 i
N — 1 wand
PP Sl F L~
Ei ii '\-:\:7-/ oo o 4: [ —— " &
3 .\’\.\./.,.o——./. 3f 0—eo—e—® " ®—eo—¢ |
?:‘z=112 f:::}’j’fs = gfh:PMl: fﬁ z=114| e _Fékhonqdlj
?62‘1é4 1é6 1é8I1}0 1%2 1%4 1;5 1%8 150 182 964 156 1éB 1%0 1%2 1%4 1%6 1%8 150 182
N N
10f : v
(Remember o e Baran et al.
lifetime is ~ an . NPA 944 (2015) 442
exponential R A S
function of the s Nl
fission barrier) HZ20] SN s
0

168 170 172 174 176 178 180 182 184 186

2: nuclei explores several degrees of freedom before reaching the

saddle point.

3 : fission is a dynamical process; calculation of static energy

potentials is not e

nough.

Ch. Theisen - EJC 2017 Les Issambres
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.."]Irfu Mendelevium

https://www.youtube.com/watch?v=DrssJRb301k

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres




ﬂlrfu

[
universite
PARIS-SACLAY

2017 09 28-29

Mendelevium

New Element Mendelevium,
Atomic Number 101*

A. Gaiorso, B. G. HarvEYy, G. R. CHOPPIN,
S. G. TromPsON, AND G. T. SEABORG

Radiation Laboratory and Depariment of Chemistry,
University of California, Berkeley, California

(Received April 18, 1955)

E have produced and chemically identified for

the first time a few atoms of the element with

atomic number 101. Very intense helium ion bombard-

ments of tiny targets of 99?® have produced a few

spontaneously fissionable atoms which elute in the
eka-thulium position on a cation resin column.

253Es(a,n)?*°Md target ~ 109 atoms, la ~ 104 pps, 17 spontaneous
fission detected

Last element identified after chemical separation

For heavier elements, breakthroughs needed :

» drop of the cross-section and lifetime

* heavy ion beam needed

« more efficient « physical » separation needed

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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[
universite
PARIS-SACLAY

2017 09 28-29

Mendelevium

New Element Mendelevium,
Atomic Number 101*

A. Gaiorso, B. G. HarvEYy, G. R. CHOPPIN,
S. G. TromPsON, AND G. T. SEABORG

Radiation Laboratory and Depariment of Chemistry,
University of California, Berkeley, California

(Received April 18, 1955)

E have produced and chemically identified for

the first time a few atoms of the element with

atomic number 101. Very intense helium ion bombard-

ments of tiny targets of 99?® have produced a few

spontaneously fissionable atoms which elute in the
eka-thulium position on a cation resin column.

253Es(a,n)?*°Md target ~ 109 atoms, la ~ 104 pps, 17 spontaneous
fission detected

Last element identified after chemical separation

For heavier elements, breakthroughs needed :

» drop of the cross-section and lifetime

* heavy ion beam needed

« more efficient « physical » separation needed
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POCCWA rRussIA-2013

.."]Irfu The Rf (Z=104) example - Dubna i

université. 7 £
PARIS-SACLAY 1964 . GN F|eI’OV et al, DUbna : ]5P I'H. CD.”EPOB 1913-1990

Phys. Lett. 13 (1964) 73
242Py(%2Ne,4n)?%0104
Detection of spontaneous fission using a conveyor belt system
Fission detector = glass detector: fission tracks measured offline
Spatial distribution of track : implantation-decay correlation and — lifetime
Measurement of a 0,3 s fission activity attributed to 260104

(however incorrect interpretation)

. \ENERGY
qhﬁﬂ DEGRADING
-~ POIL
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.."]Irfu The Rf (Z=104) example - Berkeley

grglg\_/&asg;cé. The Ghiroso Vertical Wheel.
249Cf+12,13C AN 257,259Rf —-SNo
Parent-daughter correlations : genetic correlations
Detection using Si detectors.
PRL 22 (1969) 1317
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®alirfu The VW in detail

[
universite
PARIS-SACLAY

Annular detector

Detecting

— stations
Ne

Vertical
wheel

Variant using the gas-jet technique
(used for the discovery of Sg Z=106)
PRL 33 (1974) 1490

detectors
Typical section
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.."]Irfu Modern view of genetic correlations

%LQ.L\.’&-.?ELSJ\Fé. Requirement: recoil at the detection station with as little as possible
contaminants (direct or scattered beam, scattered target, unwanted

reaction channels) — use of a recoil separator

» Time

ox
Recoil separator z
al
- A-4
Beam
I Z-ZY
a2
Residue 5X A8
esiague 3
: 742
/ 7
/
»
A-4
Reaction Implantation /;X a-decay/;)( a-decay ,,Y
. i i Er,XrYr EalXalYal) (Ea2,Xa2,Yo2)
Generic | Flight time ( | ) ,,( | ) ; |
. | 1/ | 1/ I
correlations A-4 A-8
I izzY I 7.4Z
Redidye
— o "
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.."]Irfu Separator : SHIP

[
universite
PARIS-SACLAY

SHIP (1976)

5

"~ Electric Field

Lenses

Projectiles

S. Hofmann

SHIP, GSI. Principle = velocity filter.
Typical transmission for Ca+Pb reaction : ~ 30 %
Discovery of Z=107-112 '
by S. Hofmann, G. Minzenberg et al
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.."]Irfu 107Bh, 108HS; 100Mt, 140DS, 111R9, 112CN

université 70th : G.S.1.; S.H.I.P. (P. Ambruster); 1975 : first UNIversal Linear
PARIS-SACLAY ACcelerator beam

« 1981 ,,,Bh (G. Munzenberg et al. zPA 300 (1981) 107)
209Bi(>*Cr,1n)?%2Bh — 2°8Db — ... — 2°0Fm

« 1982 oMt (G. MUnzenberg et al. ZPA 309 (1982) 89)
209Bi(°8F e, 1n)?%6Mt — 262Bh — 2%8Db

« 1984 ,,sHs (G. Munzenberg et al. zPA 318 (1984) 235)
208Pb(58Fe,1 n)265HS N 26189 — 257Rf

« 1994 ,,,Ds, ,,,Rg (S. Hofmann et al.)
208Pp(62Nj,n)269Ds — 265Hs — ... ZPA 350 (1995) 277
209Bi(®4Ni,n)?"?2Rg —?%8Mt —... ZPA 350 (1995) 281

1996 ,,,Cn (S. Hofmann et al. zPA 354 (1996) 229)
208Pp(79Zn,1n)?"’Cn — 273Ds — ...
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.."]Irfu Example of genetic correlations

[
universite

a,, 1.2 ms
26189
0y, 178 ms
257Rf
0., 4.4s
253NO
04, 1,6 M

Position sensitivity of the implantation detector
needed : total counting rate much larger than
Implantation decay rate

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

Counts

208Pp(%8Fe,1n)?%5Hs, 0~65 pb

104
5

0

I i I T i ¥ I i

265108

b

-

10+

1 T T

g g 10 " 12
Energy / MeV

Hofmann et al., ZPA 350 (1995) 277
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.."]Irfu Position sensitive Si detectors

universite DSSD = Double-sided Silicon Strip Detector
Y used in most modern focal plane detectors

Ay

i

1980 ’s : position sensitivity
= strips + charge division
eg SHIP (picture), RITU

T

Si detector for VAMOS & S3 (GANIL),
SHELS (Dubna)
10x10 cm?, 128(X)+128(Y) strips
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®alirfu DGFRS

mlg\_/sasg;cé. DGFRS Dubna gas-filled recoil separator (1989)
Discovery of elements 114-118 by Oganessian et al.

Typical transmission for Ca+Pb : ~ 45 %

PLUTONIUM TARGET Y. Oganessian

SUPPRESSED BEAM
(UNREACTED CALCIUM NUCLEI)
BEAM- I / SILICON DETECTOR
CONTROL SRR D S I R
SYSTEMS

e

TIME-OF-FLIGHT
COUNTERS

DIPOLE
MAGNET

REACTION PRODUCT BEAM-FOCUSING
BEAM MAGNETS

Virtual tour : http:/fls2.jinr.ru/linkc/Virtual_tour/GFRS/ ; 1 METER |

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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.."]Irfu The principle of a gas-filled separator

universite |on in a magnetic field :
Bp = Av/q

Charge exchange with the gas : average charge state
<q> = v/v, Z'® (Bohr)

—Bp~A/Z"
— charge state focussing MASNETIC FIELD
— no velocity dependence (to first order) _— {vacuum]

HEAVY ION

Fq High transmission
1 Target cooling
*) No mass selection
lon slowing down
MASNETIC FIELLD

REGION
[with gas)

RITU (Jyvaskyld), BGS (Berkeley), o el
DGFRS (Dubna), TASCA(GSI), f'\' e
GARIS (RIKEN), SHANS (Lanzhou),

AGFA (ANL), VAMOS-GFS (GANIL soon)

He gas used in most cases e
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.."]Irfu Magnetic rigidity Bp in He gas and vacuum

[
universite
PARIS-SACLAY F
48Ca + 208Pp — 254No + 2n

Vacuum mode

Yield (a.u.)

510" Ghiorso e
= e Schiwietz ; Grande T TR L

10 Scattered target
10° Ghiorso

Ereinrich FE residues
ganessian 'old’
iorso

1G—E | I T | | 1 1 | | I I | | 1 | L1 1 1 | | I T |

0 0.5 1 1.5 2 2.5 3 3.5 4
Bp (Tm)
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®alirfu DGFRS and Z=118

[
universite
PARIS-SACLAY

“veto”
detector

position-sensitive
strip detector

TOF
detectors

N IIH |
recoils

side
detectors

48Ca ions
gas filled detector
chamber ‘ station
48Ca h : | g . o - -
beam N g
Lq;

A= 1RTE
rotating I}{E-L

entrance
window  rotating
target

Oganessian, Utyonkov NPA 944 (2015) 62

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

ToF

a escape

Full energy

Fission

Side detector « box »

« Implantation in the strip detector
(few um depth)

« Kinematic identification (ToF, E)

or (ToF AE)
« veto detector » : punch through

* Incoming detector : TOF and Si

« Decay: Siand no TOF

» Alpha decay or fission using strip
detector AND side detector (veto
or sum)
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®alirfu DGFRS and Z=118

[
universite
PARIS-SACLAY

“VetO”
detector

position-sensitive
strip detector

TOF
detectors

.\\\‘\,::'JH.

side
detectors

>
-
%

detector
ik station

recoils

recoils

48Ca ions _ P
gas filled y ¥ 4

chamber ‘

beam X\ 77— N
..,\

— 1§
rotating

.-
.-
—

<lb
entrance

window  rotating
target
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4 decay chains observed

249Cf(48Ca,3n)2940Og
o ~0,5 pb _
i 118

SF: 0.7

11.6570.06 MeV

290 |0.897197 s
116 0.31

10.80T0.00 MeV

Ly

i

286 110,015 ms
114 A

282

SF: 10 112

10.16%0.09MeV

0‘ 1 6"'!).]9 g

—0.06 °
+89

1.9 0o ms

Y. Oganessian et al.
PRC 7 (2006) 044602
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®alirfu GARIS, Riken

Overview of the gas-filled recoil ion separator GARIS

uni _ _ _
PARIS: N Differential pumping

Rotating 7" ,
target N
Current / . L | Detection system
monitor
D1 Q1 Q2 D2

Kosuke Morita

TEREARR

H . wrae Ty
L s 58 7 O
Li Be AR TR B C N O F Ne =
‘" ‘l “ " 15 ‘ﬁ 1, 1!

Discovery of Nh, Z=113
209Bi(79Zn,n)?’8Nh o ~ 22 fbarn

3 events, 553 days of beam time
K. Morita et al. J. Phys. Soc. Jpn. 81 (2012) 103201

. N si P S O A
L] 21 n B u B zs 7B 29 AT T
K Ca S¢ TV o Mn Fe Co Ni Cu Zn [ Gs As Se Br Kv
37383 [0 4 B I T ] IR A

s VZrNanTcRuRthAGthmShTe 1 e
55 55 ﬂ 3 i} 75 76 m Tl TD Bﬂ 8 8! lﬂ ll E! %n I

*“ts BaZ HlTaWHeOsI‘PtAuHﬂ
'W‘ Vlﬁ |W WT ‘|DI 109 !‘D 1|1‘
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Wallrfu Spectroscopy after alpha decay

université Reminder probability of alpha decay.
PARIS-SACLAY

Macroscopic part :

« Decay probability increases with Z and Eaq,
decreases with mass and with transferred angular
momentum

Microscopic part : S. Rosenblum

« prefers states similar initial and final wave function

483
(4o2)

328 T

15§
i34

« Alpha decay fine structure from ‘thorium C’ (?12Bi
discovered in 1929 by S. Rosenblum

C. R. Acad. Sci. 188 (1929) 1401

* Interpretation by G. Gamow (using also gamma- “%51 3
rays from Black) as population of excited statesiit = = -—---- >,
the daughter nucleus

Nature 126 (1930) 397
— Alpha decay is a tool for spectroscopy

398
ki) 3
483
T
4321
e

.

—— e — e —

Gamow, Nature 126 (1930) 397
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.."]Irfu Trivial case : a-decay in even-even nuclei

%Q.L‘é%fﬁéo « 0+ —0+ transition favoured
 then 0+ —2+ 20-30 %

70 .

L '\ e - theor
50 | °. \ - 1 E,, energy
S BOF e { — moment of inertia 3
2 4ol A et i 0 ] h2 >
Saol : E() =55 1(+1)
W L ra u Pu Cm Cf Fm
20 Fuguo me-us wmews  uzmo we-me wo-wme mess | — deformation of the nucleus
10 .
""" However, no access to high angular
o8t 1 momenta states

- l . .

07 ~e» 1 — High-spin states prompt
Padl 1 spectroscopy
Sosf . -
o4l . -
& N

0.31 ™ N \ \H |

02F o w \M .

01L Ra Th u Cm  Cf

138-140 136-144 140-148 1-52 150 144164 146,150,152

0-0 L 1 1 1L L 1 1 1 1 1 1L
Sobiczewski, Muntian and Patyk PRC 63 (2001) 034306

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 111



.."]Irfu More complex case (odd nuclei)

universite Isomer
PARIS-SACLAY / / Mother

Odd nuclei :

In most cases the g.s.
a-decay does not fed
the daugther g.s.

Daughter g.s. can be missed !

v or conversion-electrons (CE)

/ l Daughter

Goal: deduce (at least)

* Qo

* level energies

» Spin and parity of levels (including g.s.)
* q,y,e- coincidences
« Energies and multipolarities of the gamma and CE
« Alpha decay hindrance factor
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.."]Irfu Alpha decay hindrance factor (HF)

universite
PARIS-SACLAY

HF = T1(exp.) / T1(theo., no nuclear structure, even — even)
2 2

T1(exp.) = partial lifetime of the a transition
2

Empirical HF rules (Loveland, Morrissey and Seaborg : Modern

Nuclear Chemistry, Wiley, 2005)

 HF = 1-4 : same initial and final single-particle state

« HF =4-10 : similar initial and final states

« HF =10-100 : different single particle states, same parity, same
spin projection

« HF =100-1000 : different single particle states, parity change,
same spin projection

« HF > 1000 : different single particle states, parity change, spin flip
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Wallrfu 25°No as an example

unlver5|té. SHIP, GSI. Hessberger et al, EPJA 29 (2006) 165

PARIS-SACLAY
« Choice of the reaction :
— 208Pp(48Ca,1n)2%°No 0~140 nb, but contaminated by 2%8Pb(*8Ca,2n)?**No o~2 ub
—  238(%2Ne,5n)?%°No 0~100 nb
209Bij(“8Ca,2n)?%Lr — (37%) 2°°No 0~200 nb

Setup = Silicon strip detector 80x35 mm?2, 300um thick + Ge “clover” detector

Data a complementary. Cleanest alpha spectra from Ne+U reaction

~ 300
O = 8095
= 250
| —
™ 200
S~ —
M 150—
e -
g 100 8290
O s -L|-—|_ 8255
— e — P — |-—-_|__r—l_'_'_|—'_'_r|—-
7700 7800 7900 8000 8100 8200 8300
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Wallrfu Gamma-rays from 25'Fm after a decay of 255No

unive=~-+=
PARIS-S.
Fm -X-rays a)
100 4 . . .
. Delayed a-y coincidence | Conversion 199,9 keV
s | —isomer 21 ps, fed by K conversion : fluorescence yield wk~ 1
/4] J | e . . .
£ o | 8095 KkeViransition —» y/K X-rays provides conversion coefficient
g — mixed E2/M3 transition
199.9
40 -
20 -
i km@i&\kﬂwj&m@w
0
Prompt a-y coincidence b) ToF
250 -
| Fm -X-rays a escape
" 200+ __ ] a full energy
- . 1921
% 150 - (+194.5)
S 163.3, / 358.3 D Fission
100 16:1.8 (+35T3)
50 - 4 Side detector « box »
o Jmad’ 'y |

100 150 200 250 300 350
E\' | keV
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o

400 ' T " T T T T b T T T T
ay | ) 3538 3583
. " '.. 8_ 1
: =3
¢ o
Pk e | ¢
380 : R yp— 4
: > ol o
e et - 350 356 360
-\:\-. .‘" * .
300 o - > . :
1 - rwewal] . 1921
200 | 120{12%06 /
W P L " o
o =1 Hh
1 »"é} '
o :;1' b '
60 rf
s olize” .;
.r._ .- q..',,,'_e..,‘ ”" J','r- 189 192 195
W R"-I:ﬁm-w* 5 ;{.&.ﬁ i
“ e ' 16.d)
3 ... £ 163.3 166.8
AT oo p g
100 - ':-" ‘; . v aenirt _\ 8
P R n
B s -~ ' e " .‘ N [ 1
"7725 7800 7875 7950 8025 o-ﬁrﬂj N
E_/ keV 160 165 170
EYI keV

(1/2+[620])

(3/2+ ?)
(1/2+[631])

(7/2+[624])

(5/2+[622))
21 us

(9/2-[734])

(1/2+[620])

255N o

7742 (19%)
558 ,_— |

bl 2|2
| oo
| 8|8
Lo ] -* - v -— 394
392 _—|
I P 354
W |2
= |@w
S |3
Y ¥y v 200, — |
)
m —
& u
S &
- 3
[=2]
e P (@35+x),_—
\J Y /

N

2
m
3

(7893 4 %)
7903 (11 %)
7941 (0.4 %)

8095 (58 %)

(8265 (3 %))
(8290 (5 %))
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.."]Irfu

[
universite

PARIS-SACLAY

2017 09 28-29

Several arguments used to built the

level scheme and assign multipolarities:

* Previous experiments

« States predicted by theory (usually
single particle states predicted at
low are indeed present, energy
accuracy is few 100 keV).

* 0-Yy coincidences

« Hindrance factor (most intense
transition does change the wave
function in this example)

« X-ray intensity (conversion)

 Energy balance e.g. 166.8+192,1 =
358.3

* Intensity balance eg 166,8
transition must be highly converted

« Lifetime vs Weisskopf
« Branching ratio (Alaga rules)

« Energy summing of converted
transition with a line (see below)

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

(1/2+[620])

(312+ ?)

(1/2+[631]) =

(7/2+[624])

(5/2+[622])
21 us

(9/2-[734))

Y

-l

N

2
m
3

255
No
(1/2+[620]) —
7742 (19%)
%, | HF=3
il E|s
% bl B (7893 4 %)
@ |- ! — 394 7903 (11 %)
L AR L s 7941 (0.4 °
392 _—| (0.47%)
| - 354
w S
- |w
o~ e
S |3 8095 (58 %)
\ AR 2R | 200/ HF=16
o
m —
& o
= %
% 3 (8255 (3 %))
[3r]
= (8290 (5 %))
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.."]Irfu Internal electron conversion

université
PARIS-SACLAY 1911 : Bayer, Hahn and Meitner observe a fine structure in the () decay

of ‘radium B’ and ‘C’ (¢'*Pb and 2'4Bi). Phys. Zeit. 12 (1911) 1019

1921 : Ellis. Effect corresponds in i / /

‘radium B’ to internal electron conversion.
Y / // )

Proc. Roy. Soc. Lond. A 99 (1921) 261
« Radiative transition - gamma. E(gamma) = E(transition)
» Conversion : electron ejected from the atom
E(electron) = E(transition) - E(electron binding energy)
Several shells — several electron lines

Conversion coefficient a=I(electron)/I(y)
a Twhenz T

a TwhenE

a Twhen Al T
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.."]Irfu Internal electron conversion

[
universite
PARIS-SACLAY

L]

S Hd
LY A
A Y
N o
/ LY
kY hY
KN
............... ==
M4
M3
M2
e M1
103 102,
10! 102 102 1ot 102 11[)11 18
2017 09 28-29 c E, keV E, keV



.."]Irfu

université Example No, E(transition = 200 keV)

- Bricc code Kibédi et al. NIM A 589 (2008) 202
http://bricc.anu.edu.au/

Shell E(ce) E1 M1 E2 M2 E3 M3 E4 M4 E5 M5
Tot 1.188E-01 7.6%2E+00 1.568E+00 2.757E+01 1.874E+01 1.020E+402 1.535E+02 &.146E+02 1.080E+03 4.387E+03
K 50.70 8.900E-02 5.912E+00 1.294E-01 1.635E+01 1.968E-01 2.303%E+01 2.748E-01 2.732E+01 3.661E-01 3.086E+01
L1 170.78 1.216E-02 1.146E+00 9.104E-02 &.275E+00 9.434E-01 2.741E+01 &.779E+00 1.203E+02 4.1068E+01 5.371E+02
L2 171.72 6.345E-03 1.773E-01 &.762E-01 5.702E-01 9.326E+00 5.467E+00 7.602E+01 2.972E+01 5.0688E+02 1.572E+02
L3 178.15 3.723E-03 3.807E-03 2.642E-01 &.7%7E-01 2.713E+00 2.175E+01 1.384E+01 2.361E+02 1.247E+02 2.003E+03
L-tot 2.223E-02 1.327E+00 1.031E+00 8.125E+00 1.29BE+01 5.463E+01 1.026E+02 3.862E+02 6.724E+02 2.6%97E+03
M1 182.33 2.856E-03 2.795E-01 2.723E-02 1.683E+00 3.1%2E-01 &.349E+00 2.541E+00 4.19%3E+01 1.706E+01 2.153E+02
M2 182.77 1.566E-03 4.871E-02 1.883E-01 2.872E-01 2.801E+00 1.758E+00 2.486E+01 1.044E+01 1.814E+02 &.053E+01
M3 154.27 9.980E-04 1.084E-03 7.544E-02 2.711E-01 &.411E-01 7.1%0E+00 &.342E+00 &.558E+01 4.13%E+01 &.005E+02
M4 1%54.95 5.586E-05 5.804E-05 1.346E-03 5.283E-03 2.912E-02 1.3%2E-01 1.566E+00 2.165E+00 3.363E+01 2.572E+01
M5 195.24 5.702E-0% 3.116E-05 5.151E-04 2.340E-04 3.531E-02 5.972E-02 1.062E+00 3.531E+00 1.71%E+01 7.3502E+01
M-tot 9.533E-03 3.2%4E-01 2.9%68E-01 2.247E+00 4.026E+00 1.750E+4+01 3.638E+01 1.437E+02 2.906E+02 1.177E+03

Measurement of conversion coefficient — mulitpolarity.
(ambiguous in some cases however)
Even better : measurement of conversion on several subshells
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.."]Irfu After internal conversion...

université |nternal conversion
PARIS-SACLAY
— vacancy in the atomic shell

— rearrangement of the atomic shell followed by electron (Auger,
Coster-Kroning) and/or X-ray emission
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.."]Irfu Atomic effects
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PARIS-SACLAY
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X-Ray Auger
L. MM,

M5 M5

M4 M4

M M o
M1 M1 o td

XLl'M”

L3 L3

L2 L2

L1 L1

K K

CEA DREF Irfu
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L3
L2

L1

Coster-Kronig
I—I'I—IIIMII
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.."]Irfu Example (Z=99 conversion 50 keV M1)
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2017 09 28-29

L3
L2
L1

K

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres

1 Conversion L, 23.2

And so on...

|

These atomic transitions are
emitted in coincidence with the
a decay and will (partially) be
detected in the implantation
detector

— summing
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.."]Irfu Summing

université  Satellite peak on the left Satellite peak on the right
PARIS-SACLAY

i
|
I

a |
: a
Zau 0

=lat ) JUa—
" Summing
!
|
|
: Total
|
|
: Total y
0]
|
‘ }
A 4 A 4

Alpha spectra have to be taken with care !
Simulation (eg Geant4) needed to understand alpha spectra and account
properly for the shape of alpha spectra. See eg NIMA 589 (2008) 230

Ch. Theisen - EJC CEA DRF Irfu 2017 09 28-29 124
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> 3002—
2 mF  GSI SHIP, implantation
= 200—
~ — —
N o 150
140 § wb
SR h
_— E N N N B P —-—l_‘—'_l—"'_rl—-
S 120 - ,° 7700 7800 7900 8000 8100 8200 8300
g 1001~ 5/2+
O - + JAEA, Gas-jet ;
>~ 8o .
o 80 ! (FWHM =17 keV) -
e F :
g 60 [ ': 1/2+ ::
o I 3/2+ '
40 — ) :
~ :' 11/2- 'l
20 g 5/2+ ]]1 JJJ]IL 9/2- :|
0‘- r 1 .-I'L.-I'II—I-:"-I_LI"'I I | | 1 | 1 | I I—l'l-ll—l-l.-l'll 1 —hn =l ‘J
7700 7800 7900 8000 8100 8200 8300
Energy (keV)
Asai et al. NPA 944 (2015) 308
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Walirfu 255No at JAEA, gas-jet technique

[ ]
universite He Cooling Gas
PARIS-SACLAY ‘ 248Cm(12C,5n)255N0

28(Cm Target on Be Backing

Gas-jet Outlet
@0

12C 130 and 1°F Beams

HAVAR Window

Water Cooled
Beam Stop

o

|
Gas-jet Inlet

2.0 mg/cm? Recoils (He/KCl)
Variant for a-y measurement : Nuclei are not implanted in the Si
only two stations, PIN+Ge detectors Detector — summing reduced

’ % Wheel Rotation

Si PIN Photodiodes

Catcher Foil
120 pg/ecm?, 20 mm i.d.
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.."]Irfu Conversionielectron detection

université  Conversion electron welcome for « full » spectroscopy

PARIS-SACLAY

ToF

a escape or electron

a full energy

Fission

Side detector « box »

Requirement:

 thick Si detector (1 mm or more)

* Energy resolution few keV (cooling needed)
* Energy loss in dead layers — thin windows
* Energy deposited in implantation det. : need
to reconstruct trajectory — position sensitivity
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Walirfu Offline electron spectroscopy 25°Bk

[
universite

PARIS-SACLAY 105 -
S B o« 254g, yrays (a-y coincidence)
= 104 - ﬁm: :. % ©
E R ., 3F
& ®THEIC 8 e g oY B p
254ES source S 25OBk S 103 | T o on SBNSE . ®
o T @ M ). o
o D - ) © @
0 - T NN | 6 ™
Ahmad et al. PRC 77 (2008) 054302 § 102 ¢ - g e, s
£ 104 ¥
] .
- il
| | T 1
200 400 600 800 1000
Channel Number (Ey)
104
= ' . 254g¢ (a-e- coincidence)
so ¥ Y5 o
03 3 &% 2| >
-
2 s
el E i |
102 — . T 23
mm

sy

Si(Li), 3 mm thick

0 I I T T T T | T |
200 400 600 800 1000 1200 1400 1600 1800

Channel Number {Eeg-)

Coincidences per Channel
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Wallrfu Identification using X-rays

université + 1906 Charles Barkla : X-ray energy is characteristic
PARIS-SACLAY
of an element (— nomenclature K, L, M, ...).

1913 Henry Moseley. Linear relation between X-ray
energy and Z

— rearrange elements according to atomic number

— gaps in gaps in the atomic number sequence at
numbers 43, 61, 72, and 75

— there must be exactly 15 lanthanide

Bt ' d i Power Supply Minus Terminal

Tray Control Left 4
Electron gun

Tray Control Right

Sample Targets
on Movable Tray

Entrance Slit

e
NaCl Xtal Grating

A N
Flim Det.
3 .

—

Ray pectrogr apl

o

Early v
X-ray Source & Parts of a Spec er Supply and Vacunm System
for Measurir Nucleus
--Atomic Number,--

Henry Moseley
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.."]Irfu X-ray identification of Rf Z=104

[
universite

PARIS-SACLAY

2017 09 28-29

1973 Bemis et al.
PRL 31 (1973) 647

249Cf(1 2C’4n )257Rf

Decay chain of Z=104
— X-rays Z=102

Detector = planar Ge(Li)
a-X-ray correlations

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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.."]Irfu X-ray Db
grglg\_/&asg;cé. 2009 Hessberger et al, SHIP. EPJA 41 (2009) 145

209Bj(54Cr, 1n)262Bh (g ~ 290 pb) — 258Db

- 2215

156.8
199.1

125.6
170.0

~— 1313 (K,) (Lr)

/]

counts
I
M 1 n
/

;NHN I MﬂMM L

20 40 60 80 100 120 140 160 180 200 220 240
EYIkeV

heaviest system for which X-ray a-decay coincidences
have been observed ?
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PARIS-SACLAY
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Hot fusion reaction : decay chains ending by

spontaneous fission, not connected to the rest of the ”
chart. ke
116. Lv El
Z A identification rely on indirect techniques S Y i e
114. Fi | y | \
82 Nh283 Nh284 (Nn285 Nh 286 1?_4

« Excitation function 113
« Cross-bombardment

* Qa-energy systematic
See eg. K. Gregorich,
EPJ Web. Conf 131
(2016) 06002

R 278 | Rg279 | Rg280 | Rg 281 R 262 |

Ds 277 | s zmal Ds 281

110 Ds|

266 | ML268

W24 | 275 | M2T6 T Mzme

170 171

o
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e
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T 263 | Fs 268 o208 | s 280 | ool
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m A

= 161 162 163 154‘
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[ 115—= 113
2_ —_
0_::::::::~Hh..._
113—=Rg
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L
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0
&)
o 4
o
L2
L
30
O
2
0
4
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9.0 10.0
Alpha energy (MeV)
CEA DREF Irfu

200
Photon energy (keV)

400
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X-ray ldentification of Z=115 (?)

243Am(48Ca,3n)288115 (0~6 pb)

TASCA@GSI

D. Rudolf et al.,
PRL 111 (2013) 112502

[given as an example in
NuPECC 2017 LRP]

Green (Red) =

simulation

136 keV ~ K, (Z=107)
167 keV ~ KB (Z=107)

Ti2=0.70(¥) s

Q, = 10.10(1) MeV
E,=9.53(1) MeV/|

434

0
276 Mt

—

HF=11(3)

434| i202 362

|
.

E2

‘232
v
h J

Ov

272 Bh

HF = 12(3)

!f‘ﬂ__ﬂ?ofgg 9.60(1) MeV

(b)

136



®alirfu 288115 decay chain at LBNL

gglg\égggcé' 243Am(48Ca,3n)%88115, BGS@LBNL
Gates et al, PRC 92 £201§0)0021301

9.4 95 9.6 97 98 99 100 10020300 500
e
6 (a) nth_) 272 Bh _— (b) 14
4_— :
- F Exp. 12 o
: TULLLLLLE, €
o C 1+ i 5
b g_ s A :::.:.:._Aor s
gt 1} @ ] 'g
£ 4f . 1 w»
< r =
g C . -2 o
o 2 — ] <
of : #ml-lmu. A 0
— [ 1 M
2 400 - H400 S
c @ - 1 F [
€= 10 - ] QE
.E_gzoo 1 r fm jzoo;g
c 1 E ] o
o M EWEY PR e P ~

0
94 95 96 97 98 99 100 100 200 300 400 500

o energy (MeV) photon energy (keV)
(b) 0 275Mt_
480
=" * = -(5) 9.48 HF=62(%)
! (5) 9.53 HF=87("%)

(80) 9.60 HF=8.9("%)

~4(10) 9.90 HF=490("%; Data compatible with NO
pr— Bh X-rays.
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.."]Irfu Isomers

ﬂQ.L‘L?ELSA';‘é. « 1917. Isomerism predicted by F. Soddy.
Nature 99 (1917) 433

« 1921. Discovery of isomerism by Otto Hahn.

Decay from ‘uranium X2’ to ‘uranium Z’ (¢'4Pa isomer decay).
Naturwissenschaften 9 (1921) 84
« 1935. Discovery of isomerism in artificial radioactivity (2°Br) by I.
Kurchatov using neutron irradiation

« 1936. Explanation of isomers as spin traps by von Weiszacker.
Naturwissenschaften 24 (1936) 813

“There is no strict half-life requirement for a nuclear excited state to
be designated an 'isomer’, though it should at least be long lived
compared to other states with similar angular momentum and
excitation energy”

Walker and Xu, Phys. Scr. 91 (2016) 013010
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.."]Irfu Spin traps, shape isomers, K-isomers
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PARIS-SACLAY &

oocooé %5’@—»

Energy
Energy
Energy

Shape elongation Spin Spin projection

Walker and Dracoulis, Nature 399 (1999) 35
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.."]Irfu K-isomer

université .
PARIS-SACLAY Decay of a high-K state

Selection rule : multipolarity A of the transition
must be larger than AK. If not, then transition is

forbidden.
®
In real, transition is not forbidden but hindered. {
Degree of K forbidness v = AK — A
Empirical rule : each degree of forbidness
increases the lifetime by a factor of 100
compared to Weisskopf estimates.
. . 178Hf
_ T, (experiment) ) Famous case
3 (Weisskopf) ~ 100 1 K=1=16
1/2 E3 =I=
(137") ———— M4 T,,,=31 years !I!
(12') T =g

Recent review : Walker and Xu, Phys. Scr. 91 (2016) 013010
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.."]Irfu K isomers in heavy nuclei: an old story

[
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PARIS-SACLAY

PHYSICAL REVIEW C VOLUME 7, NUMBER 5 MAY 1973

Isomeric States in >°Fm and 25"'No'*'

Albert Ghiorso, Kari Eskola,* Pirkko Eskola,* and Matti Nurmia

Lawvrence Bevkeley Laborvatory, University of California, Berkeley, California 94720
(Received 30 November 1972)

A preliminary report on the discovery of isomeric states in 25Fm and **No was included
in a recent article on a-emitting isotopes of element 104. The existence and assignments of
the 1.8+ 0.1-sec isomer to 'Fm and the 0.28+ 0.04-sec isomer to ***No have now been con-
firmed by cross-bombardment techniques. Isomeric ratios based on measurements of col-
lection efficiency of recoil atoms from the decay of isomeric states are given. An interpre-
tation of the even-even isomers as high-spin two-quasiparticle states is discussed.
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.."]Irfu Transfermium high-K isomer

universite First observed in 250Fm, 254No b

PARIS-SACLAY

Wheel Nature 229 (1971) 603, PRC 7 (1973) 2032

200
1601
Detecting
/stations Mother 120

80

Air cylinder
(spring return) 40
Daughter
crystol

C
Cross Section

All Detecting
Stations

si=—Gos jet

__*_;}““Fomday cup

Counts per channel

Heavy ion .
beom Energy measuring
. crystal
Beryllium
beam 300-800 Torr
energy Helium
degroders 'L
Helium

y Ghiorso et al. using the Vertical

A

OFF WHEEL ON WHEEL
g ox = 2990f 4%He
250 2 io lsegflspﬁe\ﬁtrum |
F . 1
7_42‘5 ZSSES gOMEV
6.64

250Fm

0]
Interpretation (2°°Fm) : K=8- isomer 1.8 s, m[633]7/2+ ® 11[514]7/2-

2017 09 28-29
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.."]Irfu Why are high-K isomers interesting ?

université « |n even-even nuclei, 0+ states are trivial. 2qp are not !

PARIS-SACLAY

— Pair breaking: E,;, = \/(ES,[,1 —2)" +A% + \/(Esp2 — )" + A2

— N\

Esp vs fermi level Pairing gap

— pairing correlations
— study of single-particle states

I=R+j
254No s ".
912+ 624] (ira,) ————@— 11/2- [725] o
712+ [613] 21
7/2-[514] ® 3/2+ [622] : ClE
1/2-[521] —O® 00— 1/2+[620] Q1+szk il

—00—00— —00—0- 9/2-[734] (j15)
3/2-[521] 00— 00— —00—0— 7/2+[624]

=000 =90—08

g.s. Km=8 g.s. Km=8
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ﬂlrfu Why are high-K isomers interesting ?

universite
PARIS-SACLAY

Pick experimentally states that would not be accessible
otherwise, or with too low intensity

— Spectroscopy of states above the isomer (collectivity)

— States along the decay path

* High-K states may enhance the stability of SHN due to larger
fission barrier (anti-fission role).
Xu et al. PRL 92 (2004) 252501

« Comparison with theory : proper calculation of 2qp state is very
complicated.
— Pairing gap
— Recoupling
— Possible role of vibrations and octupole correlations (— QRPA)

— In general agreement is poor in particular for self-consistent models which
do not reproduce Z=100 and N=152 deformed shell gaps
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.."]Irfu Modern Isomer tagging

. Isomer
. AX == gs
Filter z
A
| ox fho
> ) 72X
Beam gre
tO t1 t2 t3
| / / l / / |
| i [/ J !/ | g
Fusion-evaporation Implantation  isomer decay o decay
QX Electromagnetic éx_' ’QIQ‘X
transitions

Calorimeter technique :
isomer tagging using the implantation detector At=1,-1,
G.D. Jones, Nucl. Instr. And Meth. A 488 (2002) 471 —=t,,(isomer)
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254No K-isomer 30 years after Ghiroso

347

323

13

12

302

13 izse)  qp

i

198 £13us
_19813ps

LAy
2917 £3 keV,

F.P. Hessberger et al.
EPJA 43 (2010) 55
SHIP@GSI

8 : m[514]7/2-® 1[624]9/2+

T,,=184(2)ps

ES29283)MeV

[
universite
PARIS-SACLAY
— o | R.-D. Herzberg et al.
Nature 442 (2006) 896
— RITU@JYFL w__
8 : m[514]7/2-® T[624]9/2* 4qp o
asuater | Ghiroso et al
> PRC 7 (1973) 2032
ol e T,,=028+0.04s
WAy 9F2°[$I241.:?.-'2"[512— "2’?::: KTr = 8- ,qu
100 [s2i), ?Jé-{?:f
K'= (14")
;8 ~260u7_1-f5
L"g_j_: ______ i o €05
ooV as R.M. Clark et al.
o PLB 690 (2010) 19
e BGS@LBNL
————— || 8 :1[613]7/2+® v[734]9/2-
S.K. Tandel et al. i T o
PLR 97 (2006) 082502 loss - -
FMA@ANL e
8 : m[514]7/2-® [624]9/2* ;"s,jfz
t8§'8) 254
i @! / 102NN0 5
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T, =263(2)ms
E,=1.297(2)Me

FRE 2

Level scheme and single-particle configuration not (yet) clear
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K=(16)

Wallrfu 254 No K-isomers

Electrons, implantation det.

(16%)
2919 keV =
184 s 21,200 a T, = 266 £ 2 ms 1F° Ty = 184 3 s
10,000 v T 1,000
{i=] Y
« 800 1,000 11 180 100
4 ! mu\\ﬁ__‘, “w'“l"h 10
K=8 £ 400 Y %0 Too0zo00 | 4o / 'LL} "o 2000 4000
% | uTsj ‘lu], Time (s
179 347 Q 0 . . 0 i i S R
bt 0 200 400 600 800 1,000 O 200 400 600 800 1,000
168
i 200 — 120 —
16* —1— 157 c 260 943 d 215 606
12° =
412 (145);  |302 E-‘m 1 | 100 ‘x E.ID
1 41 ] -rays
=] e 3 150 L Tl | | ol
1 ——am); 13_ 2 S 0% g0 Tao0| |BO S "0 eo0
266 111 e K=3 . 3 o Enargy (kaV] Energy (keV)
;(2;:7 keV }35 150_-:; % 100 E - b0 L X-rays
+ ms + i
120 =77 Jo2*(624] x727[514] :: 12“1 103" 2 A0
S ' © -
M 988 keV 20 e 1
10t 1 112°521] x 712 [514]|, | 20 T«i\
150
267 0 . 0
g8 —I— 0 50 100 150 200 250, 0 100 200 300 400
214 Energy (keV) Energy (keV)
6+
159
4" . .
2+ 1% Gammas, Delayed ER-gamma-electron coincidences
0 254
No
Long isomer Short isomer
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Wallrfu 254 No K-isomers

)
B(E2)=— <IK20|I-2 K>2Q, (e2 fm%)
161
3
B(M1) =——K2(g, — gg)?<I K 1 0 | I-1 K>2 (. 2)
4
KZ
w=|grl + gk -gr) 77| #n ~7Z/A

1
gK~EC%Z+QM)

K=3

gk is characteristic of the orbital(s) and helps to

150—6" . . ] .
"=y  constrain the single-particle alignment.

3
988 keV
1127[521] x 712 [514]

For 2 gp however no so simple since the
ggfactors sum.

Gallagher—Moszkowski ryle : coupling anti-parallel
spins favoured — gg ~ % g1(A{+ Ay) =1 for
protons, 0 for neutrons

Also a good (better) case for prompt spectroscopy
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®alirfu 254Rf high-K isomer

université  David et al PRL 115 (2015) 132502 1oF

FMQ@ANL and BGS@LBNL frete
50Ti(296Pb,2n)254Rf 0 ~2.4 nb
7 4; T,,=247(73) us
Digital electronics mandatory 02 L eI

It:w;;1 o(t [ns])

~ (@ g of
i
|J-l ’-UJ‘ 200 400 esuﬂ 800 4qp 247 ”S
] e @2@ v[73419/2-

® T[514]7/2-® TI[624]9/2*

/ 2qp 4,7 us

200 400 Tlsilesiap[ﬂ)
 — = 8 : v[624]7/2+® V[73419/2-
893
V L
MR T I i gs 23.2 ps
100 200 300 400 500 600 700 800 900 1000 \

ElkeV]

—

@.

Counts/2 keV  Counts/10 keV Counts/10 keV
—“ NWk oo, —‘-MC»JLUWO) —LT\J(A)LUIOT

CrrT T T TIFT T T 1]

Also isomeric state longer than g.s. in 2°No
(Peterson D et al PRC 74 (2006) 014316, Barbara + Jinesh to be published)
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.."]Irfu Isomers in heavy nuclei
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High-K isomers, even-even nuclei R %ﬂf] O
z S
— L =
EEENE
f_
.}lﬂﬂﬂs E
@ >ls %
égkCF o >ims %
Amm o >lus =
NpF’u o >lns a
Ul TT 1] :
I . I . I . | : L . 1 g
120 130 140 150 160 170 2
aQ
Neutron Number o

Also 3qgp high-K isomers in even-Z, even-N isotopes
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.."]Irfu Ground state properties
st « Mass measurement

One of the most fundamental quantity in nuclear physics and test for
the models

e Laser spectroscopy
Basics = influence of the nucleus on the atomic electrons

2017 09 28-29 CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres 153



.."]Irfu Mass measurement

[
universite o
PARIS-SACLAY

In VHE/SHE : mass usually deduced from alpha decay. Chain

anchored to lighter nucleus which mass is known.
— In some SHE decay chain ending by fission (hot fission region)
— Problem in odd nuclei since most intense alpha line not a gs to gs

transition.

Q4(N,Z) = M(N,Z)-M(N-4,Z-2)-M,

140 145 130 155 160 163

T
12
TR
; Ay
= 10|
= o, Lo Rfa i
~ 2 TMdo oo gy
= My T Tige
fe] “IEs T——
—— — zipy
3 -‘*’,:f' Il S il By .
-fB*_’_ﬂ"’" — T
—- -~
o—o— . ‘\.\‘ o
Cme_, o D
- - o
5 "3 H“-f- —a > — e
IS - — e
e _ ——
223 - — T ——
"
37 - .
¢ :J. Cu, . - - o i
A
— :__.L_____io‘: ‘u‘
o g
234
Ra
| L | | | |
140 145 150 155 160 165

Neutron number N

Atomic Mass Evaluation 2016
Chin. J. Phys. C 41 (2017) 030003
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b
=

S, (MeV)

o

Ch. Theisen - EJC 2017 Les Issambres

Two-neutrons separation energy

S,.(N,Z) = M(N,Z)-M(N-2,Z)+2M_,

43 150 155 160 165
| I I | | i
416
? 267 **Ds
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k e -4 14
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. 7p;
T M
ST I 12
““Hs
. o
- tise 11
o Figg.
_\__1 O _"JDb
— o,
_‘_.Cm:-uﬁk B Iﬂ
a9
| L | s
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.."]Irfu Mass measurement

gg.g‘.g%gfﬁg Recent breakthrough : Mass measurement in 2°2-25°No,
255,256 r at SHIP + SHIPTRAP (penning trap)

7T superconductlng
g magnet
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.."]Irfu Mass measurement in No-Lr

@
universite  gag cel Buncher Penning Traps Dworschak et al.
SHIP o s i PRC 81 (2010) 064132
ion beam uperconducting
@ Entrance  Stace Pt

———,  Window SO %; Diaphragm

E =l=l=l=ll el === D q sl anneiiron

g “RFQ ESSW B

DC cage RF funnel

Purification trap 1 L Measurement trap

100 T ———

252 2
No*"

AM ~ 15 keV { AM ~ 80 keV

95 A
90

85

Mean time of flight / us
Mean time of flight (ps)

80
256Lr2+

! v, = 840025.52(28) Hz

75 +———1——1— . . — 74 —r—pp——rr-rTr——r—T-—Tr—T-rTrrTrrTrTr—T—TT

T T I I
20 15 -10 05 00 05 10 15 20 12 10 -8 -6 -4 -2 0 2 4 6 8 10 12
Excitation frequency - 853386.5 / Hz EISquanEy V- (He)

M. Block. Int. J. Mass. Spec. 349 (2013) 94 E. Minaya Ramirez Science 337 (2012) 1207
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L ]
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i 120.
U . ]
) Direct (trap) mass measurem
0 _
= 114
= Z
= Ds 110 n
OHs 108! H Bz
° ‘ 7
o ‘ T : 5 o
_ S k.
Lr 103 O L0 22 &7
No 102' Alm/m/m/N E ¢ M-5
Fm 100001 L1 LICICIECIE - Masses determined using Som4
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.- 020202000 []-2
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Neutron number
E. Minaya Ramirez Science 337 (2012) 1207
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.."]Irfu Masses vs models
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158

Shell gap parameter
62n(N’Z) = SZn(N’Z) -
SZn(N+2’Z) = -2 Mexc(N’Z) +
Mexc(N'ZZ) + Mexc(N+2’Z)’

Neston ™™ Minaya Ramirez Science 337 (2012) 1207
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.."]Irfu Prospects

%L’Q.L‘é%ﬂ;‘é. Mass measurement of isomeric states
Use of an ion trap for purification before spectroscopy
- trap assisted decay spectroscopy
- In-trap decay spectroscopy = detectors in the trap.

— see eg conversion electron in-trap spectroscopy at REXTRAP

(ISOLDE) Weissman et al NIM A 492 (2002) 451, MLLTRAP Weber, P. Miiller,
P.G. Thirolf Int. J. Mass Spec. 349 (2013) 270
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Wallrfu Laser spectrosopy

%L’Q.L‘é%ﬂ:‘é. Basics : effect of the nuclear moments (electric quadrupole,
magnetic dipole) and radius on the atomic lines. Nuclear model
independent.

« Small effect therefore high precision needed.

« Atom excitation using lasers

« Scan of the laser frequency — selective ionisation
— Spectroscopy

Isotope | Lgﬂ".:-H (I=0)
I N
: e
5 ey |sotope Shifts
Y > d5<r2>
[sotope 2 E F E I=10)
- i A i Hyperfine Structure
” -\ >
X [Isotope 3 'gi Ji ilI:xO.]f“Z: > Q> <P>
3 . EW | -> Nuclear spin
m : s I
< = .ﬁﬂ A ﬁlll i ; 'lk r\ For details see eg : Campbell, Moore, Pearson
Jul UL 11U Prog. Part. Nucl. Phys. 86 (2016) 127

Relative Frequency (MHz)
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Spin and parity
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Wallrfu 253Es optics spectroscopy case (no laser)

université E.S. Worden et al., Jour. Opt. Soc. Am. 58 (1968) 998, 60 (1970) 1297

lonisation : lamp from 253Es (t,,, = 20days) sample (0.8 ug)

53 lines observed; i T
23 with hyperfine structure T
2372 E i i ; E ;

' IRHERTETE
1=7/2 | - R
u=5.1+13 W —

Q # 0, but not deduced _ ! a2

M\M L‘J\/J N J | 5, )
_ULLL 1L L
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Laser spectroscopy status (2017/03)

254N g
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http://www.ikp.tu-darmstadt.de/gruppen_ikp/ag_noertershaeuser/research_wn/exotic_nuclei_wn/uebersicht 2/laserspectroscopy_survey.en.jsp
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%lirfu The RADRIS technique at SHIP

université RAdioactive Decay-Detected Resonance lonization Spectroscopy

PARIS-SACLAY

a: thermalization in gas

b: accumulation on a filament

c: re-evaporation from the filament
d: two step ionisation (laser)

e: transport to the detector

f. decay detection

Entrance
window

Buffer
. Isolator Gas
> Extraction ™ Filament
R electrodes

(Ta)

Entrance
Window

Electrode

PIPS-
Detector

PIPS -
detector
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Wallrfu 232-254No laser spectroscopy

umvnrmh';
PARIS — T T T T T T T — T T T T T T T T T T T
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00l w08 1 M. Laatiaoui et al., Nature 538 (2016) 495
—lsotopic shift
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.."]Irfu Hyperfine splitting
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AEyps = AEdipole + AEquadrupole

AEHFS — C +

A4 BYCCH+D -2+ 17 +1)
2" 4

JQI-1)@ -1

| : nuclear spin; J: atomic spin

C=FF+1D—-JJ+1)—IU+1)

A, B : hyperfine factor

A = # B (0) u: nuclear magnetic dipole moment

Ij

0%V
B = eQ, <azz > Q: nuclear electric quadrupole moment
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ﬂlrfu Forthcoming facilities, upgrades

université  « 33 gt SPIRAL2/GANIL

SHE factory, Dubna

GSI cw-linac upgrade

ATLAS upgrade at ANL
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®alirfu GANIL/SPIRAL2

[
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SPIRAL2
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Wallrfu S3
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Atomic Physics
FISIC =

Fast lon Slow

lon Collisions
Electron exchange

Ground state properties
P § Low energy branch
=== REGLIS

b

Target cave

2017 09 28-29

CEA DREF Irfu

Ch. Theisen - EJC 2017 Les Issambres

F. Dechery et al., Eur. Phys. J. A (2015) 51: 66

\

Decay Spectroscopy
SIRIUS Station

a, vy, electron,

fission

169




®alirfu SIRIUS

université  Spectroscopy & Identification of Rare lons Using S3

PARIS-SACLAY

Alpha, electron, gamma decay spectroscopy

- Time of flight and tracking of (super)heavy ions

- Implantation decay correlation (10x10cm?,
128x128ch DSSD)

- Tunnel 4 det. 10x10cm? 1 mm thick, electron
spectroscopy

- Ge detector « CLODETTE » and EXOGAM

- Digital electronics for fast decay measurements

J. Piot and the S2 collaboration, Acta Phys. Pol. B 43 (2012) 285.

Institut de recherche CSNSM
|/ 3urrllejs_loisfondamenta\es .
e 'Univers s ettt P il
Lol ]
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.."]Irfu SHE factory, Dubna
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DC-280 U-400

' SHE factory _'Heavy and superhea
nuclei

http://flerovlab.jinr.ru/finr/she_factory no.html
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ﬂlrfu GSI LINAC upgrade
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PARIS-SACI AV

GSI LINAC to SIS 132@%
2

MUCIS, HLI (ECR, RFQ, IH) _ _ ¢ e »
MEVVA LEBT 108 MHz Foil|Stripper //-./.*
| 4 l / HSI (RFQ,IH1,IH2) "i"““‘* Poststripper (Alvarez, Cav.) '
p hEEE-EEEE—l — . A o-0mg-©
':ﬂl ' r ' e
36 MHz Gas Stripper & gy @
PIG

Overall gain x 40
compared to present
facility.

Bath et al. EPJ Web of
conferences 138 (2017) 01026

cw-LINAC demonstrator
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.."]Irfu Curent trends, ...

[
universite ¢ Synthesis of new nuclei/elements
PARIS-SACLAY ) ]
— Heavier and heavier
— More neutron rich (MNT reactions, etc.)

Spectroscopy
— Heavier elements, more details

— Decay spectroscopy
» Conversion electrons
* Trap-assisted, In-trap
— Prompt spectroscopy
» Conversion electrons
« Beyond %°°Rf
— High-K isomers, 2qp, 3qgp, 49p
— Elements in the U-Es region

Ground states properties
— Mass measurements
— Laser spectroscopy

Theory
— the Z=100, N=152 puzzle
— Beyond mean field
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.."]Irfu Naming of the elements
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Naming ceremony conducted at the GSI on 7 September 1992 for the
namings of elements 107, 108, and 109 as nielsbohrium, hassium, and
meitnerium
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.."]Irfu Naming of the elements
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Naming of the elements

Discovery of elements 104-106 was controversial. Groups who
claimed the discovery named these elements.

The situation was clarified in 1997 only by the IUPAC (International
Union of Pure and Applied Chemistry).

Procedure :

Discovery approved by a joint IUPAC-IUPAP Working Group
Discoverers suggest a name to the IUPAC Inorganic Chemistry
Division

The division examine the proposed name and symbol for
suitability

Public review

Formal naming

CEA DREF Irfu Ch. Theisen - EJC 2017 Les Issambres
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Naming of the elements

Latest elements approved and named :

2003 Z=110 Ds, darmstadtium (GSI)

2004 Z=111 Rg, roentgenium (GSI)

2010 Z=112 Cn, copernicium (GSI)

2012 Z=114 FI, flerovium (Dubna and Livermore)
Z=116 Lv, livermorium (Dubna and Livermore)

2016 Z=113 Nh, nihonium (RIKEN)
Z=115 Mc, moscovium (Dubna, Livermore, and Oak Ridge)
Z=117 Ts, tennessine (Dubna, Livermore, and Oak Ridge)
Z=118 Og, oganesson (Dubna and Livermore)

Elements are universal.
Should we name the heaviest elements ?
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Further reading
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.."]Irfu Holwynium element 120
%LQ.L\.Q?E..SJ\Fé. A[\]T QilPATl(DIQ In 2002, element 120 « holwynium » was

K.-H. SCHEER synthesized by Pr. Holwyn in a US secret
atomic base (working on the cobalt bomb)
located on the dark side of the moon. This
element seems to be useless, but 3400
grams were stolen by Asian enemies.
Holwynium has half-life of 2.6 y and is
obtained bombarding C on halmanium 112,
itself made using a superbevatron.
An official from DAS « Département
antiespionnage scientifique » is sent to the
moon to fix the problem.
It turns out that decay of element 120
produces a kind of stable mesons which can
be used to produce mesonic atoms of
deuterium. Since the radius of these atoms is
smaller, controlled fusion is highly favoured.
Original book in German This provides an inexhaustible source of
«Ordnungszahl 120 » energy. The enemy base on the moon is
destroyed using an H bomb.
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In French : Tome 8 « La reléeve »
1ere partie.

DIRECT SALES

Batman DC #45
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LAST YEAR, WE 2V2 IT.
RIGHT HERE, WE REACHED THE
ISLHNL. WE CRERTED FOLUE MEW
ELEMENTS. HEW BLUILDING BLOCKS,
HERE UNDER GOTHAM. THE NEWEST
HAS AM ATOMIC NUMBER OF 206,
HISGHER THAN PECQPLE

THOUGHT POSSIELE

FOU COULDNT. T

WEIGHS TWD TONS,

IT'S ALSO B SUPER
 CONDUCTOR
BRTMANILM
e
LISTEM. THIS ESUY,

B
BLOOM..,
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concens @uscr SRR SR &=  General Electrics, 1948
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==IF YOU COULDP DESTROY
A TINY BIT OF MASS --SAY,
A POUND --YOU'D GET THE
SAME ENERGY AS THE BURN-
ING OF ABOUT 2 MILLION
TONS OF COALf

= :
F;;L T«s vsﬂﬁf’f THAT | WELL, DOCTOR, ALTHOUGH

OWED, WE'VE FAILED TO CREATE A ¥
SCIENTISTS" ATOMIC- | ypwy E|EMENT, WE HAVE
CANNONS CONTINUED | o\ ) FEDED SOMEROW IN
TO FIRE AWAY AT THE | prODUCING ‘ONE OF THE

ELEMENTS, IN THE e '
 ATTEMPT TO CHANGE OHES mmﬂ. 3

- 7O CREATE NEW
ELEMENTS, URANILM =+
THE HEAVIEST, THE
LAST ELEMENT IN THE
TABL E--OFFERED THE
BIGGEST CHALLENGE.., |

THEN CAME THE
TURNING -POINT IN THE
QUEST FOR ATOMIC
-ENERGY -- 1939 :
WHILE GERMAN
PHYSICISTS, OTTO
HAHN AND FRITZ
STRASSMAN, WERE
SHOOTING NEUTRONS
AT URANIUM ... "

--A MUCH LIGHTER
ELEMENT, AT THAT!
HMMM_.._ T WISH
DR, MEITNER WERE
g\ STILL HERE WORKING
; WITH US...

== | T

RIDICULOUS f--AND ENOUGH

OF ALBERT'S DAY-DREAMING...
WE'VE GOT-WORK TO DO |

Y IN DENMARK, THE BARIUM -~ AND THE % BUT THOSE TWO HALVES *¥ES, PROFESSOR BOHR -~ |
0R. tiSE mEITNER I KEYPTON-- COULD ONLY \ WEIGH LESS THAN THE THAT IT MUST HAVE BEEN
| HEARD OF 7#E J§ HAVE BEEN PRODUCED BY \ORIGINAL URANIUM MASS! | | RELEASED W TiE FoRM
EXPERIMENTS THE URANIUM'S "FISSIONING" | WHAT ABOUT THE DIF- OF ENERGY "
-- DISCUSSED. --SPLITTING IN TWO -- | FERENCE-- THE MASS THAT'S e
THEM WITH WHEN IT WAS STRUCK / MISSING? COULD IT MEAN--
HER ASSOCIATE, BY THE NEUTRON/ =
OR, BOHR..."" =1 &

/' URANIUM \
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.."]Irfu Bob Lazar

universite  From Wikipedia : «Robert Scott Lazar (born January
26, 1959) claims to have worked on reverse
engineering extraterrestrial technology at a site called
S-4, near the Area 51 test facility, and that the UFOs
use gravity wave propulsion. This is powered by the,
at the time, undiscovered element 115 »

Element 115 + p — 116
116 decay — 2 antiprotons
Antimatter — antigravity waves

+ antigravity amplifiers http://www.boblazar.com/
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The Big Bang Theory season 7, episode 6
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