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Dissociation of elements at high temperature and
density conditions?
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Strain

10° | Advanced LIGO: detectable strain of one part in 102! over a 100 Hz bandwidth
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Were the Heavy
and
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elements
made in nature?
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Periodic Table of the Elements l
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Are there more elements?
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where is the site of the r-process?

Merging neutron stars versus core collapse supernovae,

ravitational wave

detection identified neutron star mergers as a source of the very heavy

elements!
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Abundances from other neutron induced
nucleosynthesis processes
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Mumpower, McLaughlin, Surman, and Steiner, Ap. J. 2016
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Hot r-process trajectory

107 Mg q ' '

o8, i (0.561) g¥

o8, iii’(0.405) g

00 et

107 :
10° b, . . | . :
107 g 4 .. 3
; -1.. o2 (0.649) I FRDM1995
107 B o e oet
e ™ ]

10 ® e P 3
10‘5 bl A I ‘ l l m ~ M . ]
80 100 120 140 160 180 200 220 240

A

Uncorrelated nuclear mass uncertainties and r-process abundance predictions



Orford et al., Phys. Rev. Lett. 120, 262702 (2018)

Observed r-process elemental distributions

Merger accretion disk wind scenario Varying thermodynamics has little effect
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Lu visible signatures go into the IR
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Eur. Phys. J. A (2012) 48: 122
DOI 10.1140/epja/i2012-12122-6 ;:5 SIIE{IZJ EF .IJ:‘SEPI:N AL A

Regular Article — Theoretical Physics

Have superheavy elements been produced in nature?

I. Petermann®, K. Langanke??*, G. Martinez-Pinedo®*-2, I.V. Panov™%, P.-G. Reinhard”, and F.-K. Thielemann®

|"_-|__ | 1 | AR R | Talejaladabrla:] b L AR B | II_I"I L

123

1] Pl F T PR N W SRR Sl W WA S i W A R SN Nl e
o i e Bl D S0 isD iTe BRE P 3E0 B0 M FM e

M

Are superheavy elements produced in the r-process?



E. M. Holmbeck, European Physical Journal A, 59:28 (2023)

Nuclear PhysicsiQuestion:
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r-process idea from weapons tests: B°FH
Reviews of Modern Physics 29(4), 547 (1957)

Lawrence Livermore Laboratory

PRODUCTION OF EINSTEINIUM AND FERMIUM i NUCLEAR EXPLOSJONS

R. Hoff, August 21, 1978
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Recent observations of r-process enhanced stars
Science 382, N0.6675, Dec. 2023
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Open Challenges to Nuclear Physi s.Ir
resulting from the neutron star merger |

A. Aprahamian
NuPECC in Sept. 2021

FISSIOI’] 2 By 95 105 115 125 135 145 155 165
A
Figure 4. Low-energy (thermal) neutron-induced fiszio
fragment distributions with 432380 gnd 3Py, The dotta
line indicatas the fission af *" U with 14 MeV neutrons.



Cluster decay becomes the main fission
mode

Z. Matheson et al., Phys. Rev. C 99, 041304(R) (2019)
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Robust prediction: extremely asymmetric fission
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FISSION CAN IMPACT FINAL ABUNDANCES

- == Bdf Ko ¢ Solar r-process

110 120 130 140 150 160 170 180 190 200 210
Mass Number, A

Network calculation of tidal ejecta from a neutron star merger (FRDM2012)

[df can shape the final pattern near the A = 130 peak
This is because of a relatively long fission timescale

Conclusion = we need a good description of fission yields to understand abundances near A ~ 130.

Kodama & Takahashi (1975) » Shibagaki et al. ApJ (2016) » Mumpower et al. ApJ 869 1 (2018) » Vassh et al. J. Phys. G (2019)



What are the uncertainties? r- and s- process branchings
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Nuclear shells and
the “magic numbers”
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40Ca 3 | 132gn 9 nuclei are doubly magic
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Yuri Oganessian. International Conference “Heaviest Nuclei and Atoms” Apr.25-30, 2023, Yerevan
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Reactions of Synthesis: This picture was created in 1966
120 — Hot fusion
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Half-lives Macroscopic theory
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Reactions of synthesis
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Reactions of synthesis
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Reaction of synthesis

everything happens in a hydrogen medium at 1 torr

artificial element made in
high flux nuclear reactor,
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Progress at SHE-Factory 4°
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Mass Distribution of the Fission Fragments
50

Q; =277 MeV
TKE =248 MeV

Q; = 197 MeV
TKE = 168 MeV

Mass Yield (%)
v S
U

U+n,

85 95 105 115 125
Fragment Mass Number

155

136Xe

132G 134Te



The three fission patterns of Nobelium
predicted by the pre-scission model
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Discovery of mass-symmetric

spontaneous fission of 2°8Fm; Z=2*50
E. K. Hulet et al., PRL 56, 313 (1986)
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Dubna Gas-Filled Recoil Separator
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Summary decay properties of the Z-even isotopes observed
in 238y, 240,242, 244p,, 245,248Ccm gnd 249Cf + 48Ca reactions

2015

284
Fl

2.5 f'l_'gs ms

285
Fl

/ 10.41(5) MeV

281 0. 15+0.14 S
Cn -0.05

/ 10.30(4) MeV

277

+0.12
0.13 94 s

Ds

/ 10.55{4) MeV

273
Hs

4.1 ms

9

5g

269 | o 76

.53{4) MeV
+0.71
0.24 S

8.50{6) MeV

+3.7

3.1_1_1 min

+1.2
1.0 03

min

Yu Ts Oganessian and V K Utyonkov,

294
118
/ 11.66{6) MeV
+0.64
ZBLC‘” 0.69_0_22 ms 29'_1\’

10.85(7) MeV _/ 10.74(7) MeV

v 3.5 10.50(2) MeV
‘q 8375

10.21{4) MeV

+0.04
ZE%I 0.12 0.02 8

+0.33
0.91 .0.19 MS

10.03(2) MeV

0.14
0.48%559's

9.53(2) MeV
9.33(6), 8.94(7) MeV

9.71(2) MeV

+0.04
021,04 8

8.54({8) MeV

1.6 2 min

Rf
1320 h

Rep. Prog. Phys. 78 (2015) 036301

292 293
Lv Lv
/ 10.63{2) MeV__/ 10.56{2) MeV
288 +7 289 +43
l 13 4 ms l 5717 ms
9.93(2) Mev  / 9.84{2) MeV
0.14 285 |9.48(8) MeV
0.66 550 S
0.10 Cn 1.9f£fs
98 "2 ms 9.1%2) MeV
28-5 S
8.73(3) MeV
12759 s
3?’115 ms

Yuri Oganessian. International Conference “Heaviest Nuclei and Atoms” Apr.25-30, 2023, Yerevan



Summary decay properties of the isotopes of elements 113, 115, and 117
observed in 23’Np, 243Am and 24%Bk + #Ca reactions
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Reactions of Synthesis

A. Sobiczewski, K. Pomorski, PPNP 58, 292, 2007
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Lobby of the Royal Society of Chemistry



232Th +48Ca — 280ps*

275ps 276Ds
New nuclei 276Ds, 272Hs, 268sg

New isotope 2/°Ds, confirmation for 27'Hs, 267Sg, and 263Rf on  4n

First observation of transition to the mainland

Yuri Oganessian. International Conference “Heaviest Nuclei and Atoms” Apr.25-30, 2023, Yerevan

125 new decay chains
New isotopes
Connect to mainland




Bomb debris from environmental tests of nuclear weapons

Fission: LLNL - DUBNA -

Ranking of 10
longest-lived
isotopes:
106Ru 374 days
103Ru 39 days
111Ag 7.45d
105Rh

112 Pd

109 Pd

113 Ag

105 Ru

112Ag

111Pd

107Rh




Gamma-rays observer

=

U/ commee Did the merger indeed make the actinides?
How far did the nucleosynthesis go?

What is the role of fission ?

What type of fission?

Fission (?): LLNL — ND- LBNL-JINR
Bomb debris from environmental tests of nuclear weapons

NIF experiments
LBL

~—
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