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EINSTEIN'S SHRINE OF TRANSMUTATION
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\ Fig. 1: Einstein's shrine of transmutation- a spectrum of
Peter Armbruster Sigurd Hofmann Gottfried Mlnzenberg po O'S g]jtter.
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Separator Design 101 - Why a Velocity Filter?

Electric field: Particles get deflected according to energy
Magnetic field: Particles get deflected according to momentum

combine the two into a Wien filter: separate by velocity

Advantages:

Very high efficiency,
Independent of charge state

Cathode (+)
Efield [® [ ® ®
®|® el
®|® ®|®
Bfield {@}®l®y® 08
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A real workhorse

Jahresberichte (Annual Reports) since 1995*:
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The Journey (a Selection) Superheavy Elements

Recoil Decay Tagging

2=82
Shape Coexistence 3 -
~ “N=126
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Proton Radioactivity e

(Goldansky, Ann. Rev. Nucl. Sci 16, 1)

0 10° DQCO)’ [ 'l R
E : 7C1LU 11 | a - Lines
. . 393 1
Predicted since the 1960s B 4 | il ”
BIAM i

-
-

4 |
. . . { |

First glimpse in °3MCO, (K. P.Jackson, ‘DJLT e— H” (]
from an isomeric state. phys. Lett 33B 281 (1970))

[

o
N

a) : En;rgy'/ Mei/
1981: First observation of | ;J

ground state proton decay

in 1°1Lu at SHIP |
O\?&MW e

05 10 15 20
Energy/MeV

Hofmann S, Munzenberg G, Faust W, Hessberger F P, Reisdorf, b)
SchneiderJ R H, Armbruster P. Gutter Kand Thuma B

- = Figure 3.9. (a) Energy spec ainec i » irradiati fa% arget (97 9%

1981 Proc. 4th Int. Conf. on Nuclei Far From Stability (Geneva, 1981) r:'::mcm 2 Ih",‘(:‘:"N;p‘\”fl”\',’ - '.'"Cdl d”""ﬁ:::, ”I'“;d“.ﬂ',‘;" g R: WWBEL L7128
. ennchment) with 261 MeV “*Ni projectiles at S The “'Lu proton decay line was
(Geneva. CERN 81 '09) p 190 observed at 1.23 MeV far below the « decay lines of other reaction products. The « line
from the "“Lu™ decay originates from target impurities of heavier ruthenium isotopes.
Hofmann S, Reisdorf W. Miinzenberg G, Hessberger F P, The impurities were avoided in an irradiation using mass-separated targets. (b) Expanded

Schneider JR H and Armbruster P: Z. Phys. A305 111 (1982) part of the spectrum showing the '*'Lu proton decay line. The resolution is 19 keV
FWHM measured with a 45.5 pum thick silicon surface barrier detector. (From [11].)



Rapid progress |
Hofmann S, Reisdorf W. Miinzenberg G, Hessberger F P, I_F-,nﬂ"l.rn"ws So——
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Proton emitters today

We have mapped out most of the proton dripline up to Bi

A total of 85 proton emitters are kKnown (karisruher Nuklidkarte, 11 ed. 2022) ,.r"'-rl

Several proton emitting isomers

Two-proton radioactivity

A very rich legacy, indeed
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Recoil Decay Tagging

Recoil separator

Recoil
Tagging

Recoil
Decay

Tagging

Residues

Reaction Implantation 4 ‘
vly2, .. Flight time (Er,Xr,Yr)

% { » Time
Reaction Implantation a-decay
viy2, ... Flight time (Er,XrYr) (Ea,Xa=XrYa=Yr)

} ! 1F ! » Time
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M. Muikku Phys. Rev. C 58, R3033-R3036 (1998)
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Recoil Decay Tagging - Darmstadt 2 Pryah 325, 197 (1586

AP TN AT Evidence for Nuclear Shape Coexistence in '*°Hg
GAMMA-SPECTROSCOPIC INVESTIGATIONS

IN THE RADIATIVE FUSION REACTION ®#r +™ ¥y o g i > 2 o . . o
R.S. Simon, K.-H. Schmidt, F.P. HeBberger, S. Hlavac ™, M. Honusek ™",

K.-H. SCHMIDT, R.S. SIMON, J.-G. KELLER, F.P. HESSBERGER, G. MUNZENBERG, ad G. Mimzesberg
B QUINT Gesellschalt fur Schwenonenforschung, Darmstadt,

Gieselhahuft fir Schweronenforschung, - 800 Darmstods, Frd Bep German Federal chumlc ol (JL‘I’H].‘H]_\'

H.-G. CLERC, W. SCHWAB, U. GOLLERTHAN and C.-C. SAHM MG, G U Cobatha, ond W, Pk
Trstrur fur Kernphynd, Techmsohe Wockschule Doarmsads, I 600 Dursruads, Fed Rep. Germaay Institut flir Kernphysik, Technische Hochschule Darmstadt, Federal Republic of Ger-
many

Received 3 July 1985
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Fig. 1. Layout of the experiment showing the velocity filter SHIP, 218 &
the recoil telescope behind SHIP and the Nal detectors around 5
the target. The detector telescope provides time-of-flight (TOF),
energy loss (4 E,..), energy (E,..) and position (x) of the implanted
heavy reaction products and registers their subsequent o decay (Q,). 7 .
The 15 crystal ball modules for the observation of individual y ek B e
rays each cover 1/162 of 4x at a distance of 25 cm from the target O e e e T
and roughly form a matrix of 3 x 5 which subtends the angles from B si 20°9 5 o B 20 2 X
6=40° 10 130° with respect to the direction of the recoiling '*°Hg B, cos(y*30)

Phys Lett 168B, 39 (1986) A.N. Andreyey, nature 405, 430 (2000)
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Recolil Decay Tagging - Liverpool

PHYSICAL REVIEW C VOLUME 51, NUMBER 1 JANUARY 1995

In-beam v-ray spectroscopy above '®Sn using the new technique
of recoil decay tagging

E. S. Paul? P. J. Woods,' T. Davinson,' R. D. Page,’ P. J. Sellin,! C. W. Beausang,? R. M. Clark,?
R. A. Cunningham,* S. A. Forbes,? D. B. Fossan,® A. Gizon,® J. Gizon,® K. Hauschild,® 1. M. Hibbert,?
A. N. James,? D. R. LaFosse,® I. Lazarus,* H. Schnare,® J. Simpson,* R. Wadsworth,® and M. P. Waring®
! Department of Physics, University of Edinburgh, Edinburgh EH9 3JZ, United Kingdom
? Oliver Lodge Laboratory, University of Liverpool, PO Boz 147, Liverpool L69 3BX, United Kingdom
? Department of Physics, University of York, Heslington, York YOI 5DD, United K. ingdomn
YSERC Daresbury Laboratory, Daresbury, Warrington WAJ JAD, United Kingdomn
® Department of Physics, State University of New York at Stony Brook, New York 1179}
® Institut des Sciences Nucléaires, IN2P3-CNRS/Université Joseph Fourier, Grenoble, France
(Received 28 August 1994)

A novel method of selecting v-ray transitions in heavy nuclei (A >100) at the proton drip-line
has been attempted. The characteristic charged-particle radioactivity of these nuclei (alpha decay,
ground-state proton decay, and §-delayed proton emission) has been used to tag y-ray transitions
recorded by the highly efficient Eurogam spectrometer. The **Ni + **Fe and **Ni + **Ni fusion-
evaporalion reactions, at a beam energy of 240 MeV, have been used to populate specific states of
these neutron-deficient nuclei and results are presented for ***'™Te, '] and '"*Xe, where y-ray
transitions have been identified. In the case of '], this represents the first observation of y-rays
from a ground-state proton emitter.

PACS number(s}: 21.10.Re, 27.60.+}, 23.20.Lv
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Superheavies: the Island of Stability
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From bohrium to copernicium and beyond
SHE research at SHIP

G. Miinzenberg *"*

Atomic number
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Darmstadtium

On Wednesday, November 9, 1994 at 4:39 pm, the first nucleus
of element 110 was measured.

208pph + 62Njj —s 269D + N

Production and Decay of 26110 and 7110

S. Hofmann, V. Ninov, F.P. HeBberger, P. Armbruster, H. Folger, G. Minzenberg, H.J. Schétt (GSI)

A.G. Popeko, A.V. Yeremin, A.N. Andreyev (FLNR, Dubna)

S. Saro, R. Janik (Comenius University, Bratislava)
M. Leino (University of Jyvaskyla)
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Superheavy Element 111 (Rg)

S. Hofmann, V. Ninov, F. P. Hessberger, P. Armbruster, H. Folger, G. MUnzenberg, H. J. Schott,
A. G. Popeko, A. V. Yeremin, A. N. Andreyey, S. Saro, R. Janik, M. Leino.

“The new element 1117,
Z.Phys. A350, 281-282 (1995).

S. Hofmann, F. P. Hessberger, D. Ackermann, G. Munzenberg, S. Antalic, P. Cagarda, B. Kindler,
J. Kojouharova, M. Leino, B. Lommel, R. Mann, A. G. Popeko, S. Reshitko, S. Saro, J. Uusitalo,
A. V. Yeremin.

“New results on elements 111 and 1127,
Eur. Phys. J. A14,147-157 (2002).

RECOMMENDATION

The 2003 JWP report [7] concluded that the criteria for discovery of an element had been fulfilled only
in the case of element 111 and this by the collaboration of Hofmann et al. [8,9]. Following this assign-
ment and in accordance with the procedures established by IUPAC for the naming of elements [10], the
discoverers at GSI were invited to propose a name and symbol for element 111. The discoverers pro-
pose the name roentgenium and the symbol Rg.

Pure Appl. Chem., Vol. 76, No. 12, pp. 2101-2103, 2004

L

s
_COLOGNE - KEULEN O I_ N@OLONIA KOLLE

NUCLEAR PHYSICS SPRING MEETING
Kéln, 13 - 17 March 1995

Deutsche Physikalische Gesellschaft (DPG)
Noderlandse Natuurkundige Vereniging [NNV)

Belgische Natwurkundige Vereniging /
Soclété Belge de Physique [BNV/SBP)

Spring Meeting of Nuclear Physics Soctions
Universitit zu Kola, 13 - 17 March 1908




Andrei Popeko, Fritz Peter HeBberger, Andrej Andreyev, Gottfried Mlnzenberg, Jurgen Bessler, Hans-Joachim Schott, Stefan Saro, Hans Georg Burkhardt,
Sascha Yeremin, Victor Ninov, Matti Leino, Sigurd Hofmann, Peter Armbruster, Ursula Vo.gel Helmut Folger
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Element 112: Copernicium, Cn

Pure Appl. Chem., 2009, Vol. 81, No. 7, pp. 1331-1343
doi: 10,1351/ PAC-REP-08-03-03
Published online 2009-05-19

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY
INORGANIC CHEMISTRY DIVISION

INTERNATIONAL UNION OF PURE AND APPLIED PHYSICS
IUPAC/IUPAP JOINT WORKING PARTY ON DISCOVERY OF ELEMENTS

Discovery of the element with atomic number 112 {IUPAC
Technical Report)

Robert C. Barberl, Heinz W. Gdggeier’, Paul J Karol?*, Hiromichi Nakahara?,
Emanuele Vardaci® and Erich Vogt®

! Department of Pliysics and Astrenomy, University of Manitoba, Manitoba R3T 2N2, Canada
2 Paul Schemer Institute, CH-3232 Villigen, Switzerland

3 Department of Chenuistry, Carnegie Mellon University, Pittsburgh, PA 15213, USA

4 Chemistry Department, Tolovo Metropolitan University, Tokyo 192.03, Japan

# University of Naples “Federico II” and Istituto Nazionale di Fisica Nucleare, Napoli, Italy

& TRIUMEF, Vancouver, BC VET 1W3, Canada

Abstract: The IUPACTUPAP Joint Working Party (TWP) on the prionity of claims to
the discovery of new elements has reviewed the relevant literamure pertaming to
several claims, In accordance with the entena for the discovery of elements
previously established by the 1992 TUPAC/TUPAP Transfermmum Working Group
{TWG), and reiterated by the 1999 and 2003 IUPAC/TUPAP TWPs, 1t was determuned
that the 1996 and 2002 claims by the Hofmann et al. research collaborations for the
dhiscovery of the element with atonuc number 112 at Gesellschafr fir
Schwerionenforschung (GSI) share in the fulfillment of those criteria. A synopsis of Z
= 112 experiments and related efforts 15 presented. A subsequent report will address
idennficanon of hugher-Z elements including those of odd atomic number.

Prof. Kazuyuki Tatsumi

President of the Inorganic Chemistry Division, [UPAC
Rescarch Center for Matenials Science

Nagoya University

Furo-cho, Chikusa-ku

Nagoya, 464-8602

JAPAN

Re: Naming of the element with atomic number 112

Dear Professor Tatsumi,

This letter will inform you of our choice of the name for the new element
with atomic number 112.

For the name we propose "copemnicium”, symbol "Cp*

T'he justification is as follows:

With our suggestion we want to honour a scientist, an astronomer, Nicolaus
Copemicus, who lived in the period of the transition from the middle ages to
modem times. He was born on February 19”, 1473, in Torus, Poland, and
died on May 24", 1543, in Frombork/Frauenburg. His work was of excep-
tional influence on the political and philosophical thinking of people and on
the nse of modem science based on results of experiments.

SIMUS E T DOCTISSIMUS DOC
TORNICOLAUS COPERNICUS  TORU.
NENSIS ¢ CANONICUS WARMIENSIS
ASTRONOMUS INCOMPARABILIS
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F P HeBberger, G Munzenberg, A-Popeko, H Folger, H J Schott, C Stodel, H G Burkhardt
V Ninov, S Hofmann, P Armbruster, S Saro, A Yeremin, S Raiss
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Visit by Glenn Seaborgs at SHIP (July 3" 1981)
F.P. HeBberger, Glenn Seaborg, Gunther Herrmann, P. Armbruster



What engages the public in science?

Importance of Basic Research

Better lives

Economic benefits ) ow i

Health benefits

Tennessine

Super Heavy Elements and Nuclei '
made with ORNL materials and studied with ORNL-UTK data ACQ

EXC | te men t (WOW: 200,000 letters to IUPAC/IUPAP about naming element 117)
LBNL Dec 2025 Krzysztof Rykaczewski
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Spectroscopy

247 249 251 253 255
Mdm [514] Md 7/2 7[514] Md 7/2" [514] Md 7/27 [514] Md 7/27 [514]
7274
7327
9/2~
8422 8026 7540 7103
HFE-~1 HF-~1 HF~3 HF~1 — 7/2" [514]
— 7/27 [514] 405.2
(E1)
7/2" [514]
7/27 [514]
] 712" [514] 304.2
353.2 452.8
157.5 200.4 2427 (E17) (E1)
209.6 253.2 293.7
(E1) (E1) (E1)
g2t 3 o2 + Y g2+ Y of2 + 1 g+
7/2*[633] 1 7/2+[633] 1_7/2H633] ' 712+(633] = 7/2%[633]
243 ¢ (3/27 [521]?) 245g ¢ (3/27 [521]?) 247 (3/2~ [521]?) 249 ¢ 251 3/27[521]
E.g.: HeBberger F P etal 2005 Eur. Phys. J. A26 233

and many more

Rolf- Dletmar Herzberg
Witold Nazarewicz
Yuri Oganessian

Atomic number
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Neutron number



Let’s put Lasers on our SHIP
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Laserspectroscopy at SHIP - timeline

In gas-cell (RADRIS)

* First principal idea from Hartmut Backe / Werner Lauth et al. Based on the
work on fission isomers at Mainz/Heidelberg [nttps://doi.org/10.1103/PhysRevLett.80.920]

2004/2005/2006/2007/2012 test beamtimes, setup traveling from Mainz
From 2012 permanent installation of laser at GSI

2014/2015 beamtime — 2015 No transition discovered

Beamtime 2016, 2019,2020, 2021, 2022, 2024, 2025

* More nobelium isotopes, fermium & californium isotopes

In-gas-jet (JetRIS)

 2017: started project on gas-jet laser spectroscopy

 2019: first test beamtime

* 2022: ground state of No-254 in-jet spectroscopy

* 2025: 266ms 8- Kisomer in No-254 with laser spectroscopy



LETTER

dol:10.1038/ nature 19345

Atom-at-a-time laser resonance ionization Nobelium resonance 2015
R A D R I S spectroscopy of nobelium

Mustapha Laatiaoui'~, Werner Lauth’, Hartmut Backe’, Michael Block 4, Dicter Ackermann’t, Bradley Cheal®,
Premacditya Chhetri®, Christoph Emanuel Ditlimann®~+, Piet Van Duppen’, Julia Even't, Rafae] Ferrer’, Francesca Glacoppo™
Stefan Gotz'**, Fritz Peter HeSberger', Mark Huyse’, Oliver Kaleja”™®, Jadambaa Khuyagbaatar', Peter Kunz®,

Felix Lautenschliger”, Andrew Kishor Mistry™, Sebastian Raeder'“’, Enrique Minaya Ramirez't, Thomas Walther”,

Calvin Wraith® & Alexander Yakushev'?
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SHIPTRAP setup

Commissioned 2001
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LETTER

doi:10.1038/nature19345

Atom-at-a-time laser resonance ionization
spectroscopy of nobelium

Mustapha Laatiaoui'**, Werner Lauth®, Hartmut Backe®, Michael Block*“, Dieter Ackermann’t, Bradley Cheal®,

Premaditya Chhetri®, Christoph Emanuel Diillmann'**, Piet Van Duygen’, Julia Even't, Rafael Ferrer’, Francesca Giacoppo'?,
Stefan Gotz" 24, Fritz Peter Heﬂhergerlfz, Mark Huyse"', Oliver Kaleja=*, Jadambaa Khuyagbaatarl-z, Peter Kunz®,
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Proton number Z

Direct Mass Measurements of 2°2-234No, 254-256Lr, 257Rf
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HIGH INTENSITY
STABLE ION BEAMS
in EUROPE

A FAIR wind in the sails ‘. L
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Cryomodule 1 Cryomodule 2 Crvomodule 3 Crvomodule 4
LEBT RFQ QI IH Qry CHo CHI CH2 CH3 CHICHS CH& CH7CHS CHY CHI0 CH11
15

o
¥ ] B | S —————

S n S2 D1 S3 B2 S¢ D2 S5 B3 S6 D3 ST B4 55

L.
rB1 Q2 QI3 RB2
ECR 0.3 MeViu 1.4 MeVia 1.4 MeViu 7.6 MeViu

Zim
1
30
.
: - - - = - -
R e AT0 . §
4500 num
Maximum ene rcm
Design parameters sc ew-LINAC umt Pmp.nlcs [Crvo oda o :gy pe MoV
P — e {Cryo c put energy (MeV/u
;‘. s i St * Short multigap CH cavities: length<1m), | NZ:85 | ANZ6 | AZ=3 | AZa1
Beamcurest mA @ S1 transverse dimensions <0.5 m el 35 122 2646
Injection energy  MeV u ‘CMZ 35 42 33 7.7
Output encrgy MeV * Modular construction: 4 cryomodules rgm <'S‘ z:s i: 17085 | 1—-/125 g
Length m 20 |
CH cavities 12 each with 3 CH, 1 buncher, 2 solenoids [CMa + CH12 6 8 114 | 156
Rebuncher 1 A .
. .y Solenoids : * Compact Linac design (E, 2 7.1 MV/m)
HELIAC project manager Dr. Maksym Miski-Oglu works at the demonstrator. ' - 3
>hoto: G. Otto, GSI/FAIR GS! Heimhokzzantrum fur Winfried Barth, Existing and future (heavy) ion linacs @GSI&FAIR, EMMI workshop 2021 26
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