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A, npouaomnu 3TU conlma Ha 6epery Boaru B ly6He, 8 OUAM, Koma B
no pewenuio |l ceccun Yuenoro OUAU, npuxkasom Aupektopa
uHctutyTa A.U. BhoxuHuesa ot 20 mana 1957 ropa Gbina co3paHa HoBasA
JlTabopatopua noa pykosoacrsom npod. IH. ®neposa



First accelerator for heavy ion beam production _
Cyclotron U-300, Dubna 1958
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Komanpa JIAP - pevcxwit can JIMMNAH, cextop N¥7: Caeea Hanpaso, 1- bl Hiok- “
Hult paa: BJ1.Muxees, I"M.Tep-Axonuan, B.A [ipywn, ICanamatuxa, B A KapHayxbe,
0.4 Oranecss, Cxobeun, K0.B.JloGaxoe, 7. 7. 2-0if HuxHmit pRA: TOKapE + XeHIWHLL.

3-wit mepxymit pag: B.A Meo3ges, 7, 7, 7, 2, Xapucos, A.C.Macwos, B.M.Mnomo, Jifycesa, /,.. N o o
10.Yy bypros, b.Macoenos, C.M.Tlonwxanos, lepnuk, ITH.®agpos, H.W.Tapasmm, 2, . ..
I Knouxoe, nabopant-xummx, 7, 7, 338x03, MHXEHED- IReXTPOHWMK, KA. I'aapunoa 1959 et

Komanna JIAP - gevckmii cag JIMNAH, cextop N¥7: Cnesa Hanpaso, 1-wiil HeokHRA paa: -
B.J1.Muxees, I'M.Tep-Axontan, BA ipyws, I'Canamatuna, BA Kapuayxos, 10.1.Oranecsdy, . |, - )
Crobxw, 10.BJloBawos, ?, 7. 2-0k HWXHWH PRA: TOKEPE + XEHWMHEL 3- Wi BepXHWil pRA: : .

C. M I'lom-:anoa l'epnul IH. @ne;;os HW. Tapanmu ? Al(nouma ua6opam XUMKK, 7, " o
33BX03, MHEEHEP-3NEKTPOHILMK, KA.laspunos. 1959

OceHb 1959 r. Tlepen otTvespom B [lybHy (16 us 43 Ha ¢oTo)



K 65-netuto NAP um. M. H. Znepoea

[PaHULbI U CTPYKTYPA aTOMHbIX Agep

FO.U. OraHecsH
Nabopatopus apepHbrx peakumu OUNSU

CemuHap OUSN
26 masa 2022 r., JIT2 ONGN, OybHa

Yuri Oganessian. The limits and structure of the atomic nuclei, May26, 2022, JINR, Dubna



Heavy ion physics:

e Dubna

e Berkeley

Q Pioneers 1955-1965

Yuri Oganessian. The limits and structure of the atomic nuclei, May26, 2022, JINR, Dubna
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D.l.Mendeleev’s Periodic T:
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D.l.Mendeleey’s Periodic Table of the Chemical Elements
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the method was limited to the synthesis of Fermium (Z = 100)




Potential energy (MeV)
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Nuclear fission

1940

G.N. Flerov

——.=§ ——————— 3 1016 years (exp.)

10195 B0

22100 ‘ ’

K.A. Petrzhak
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Nuclear Explosion Fm
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257Fm 03ms 2°Fm
T,,=100d 1 55
Fm isotopes E
Equal to total dose of the neutrons “ ‘ N
from HFIR during 25 years! . % % - ‘
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239p, capture of 18 neutrons (0.5 pus)
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CuHTe3 anemeHTa 102 (J19P 1963)
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OTKpbITUE U3OMepUU (Popm aaep
(19P 1962)




1962 JINR, Dubna
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1962 JINR, Dubna
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K 50-neturo N.H. &nepoea (1963)
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Potential energy surface of the 242 Pu nucleus?

Deformation 8,
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OcTtpoBa cTabuUnNbHOCTU CBepXTaXenbIX anep
(iHE /7 NdP / A 1966)




The Nobel Prize in Physics 1975

B. Mottelson

"for the discovery of the connection between collective motion
and particle motion in atomic nuclei and the development of the
theory of the structure of the atomic nucleus based on this
connection”.

Yuri Oganessian. The limits and structure of the atomic nuclei, May26, 2022, JINR, Dubna
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D.l.Mendeleev’s Periodic Table of the Chemical Elementis
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XonopHoe cnusHue MAacCUBHLIX aaep
(NdP 1974)
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Cyclotron U-400
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The excitation energy of the compound nuclei
at the Coulomb barrier

e (Mev) — 60

«hot
3¢ . 238 — 3 '
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CemuHap namatu [.H. &nepoea
(Mockea, PAH, 1991)
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Reactions of Synthesis
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TaHHO-x9iiKa (REKET)

Ero UmnepaTtopcKoe Bennyectso

y
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Cold Fusion

(transactinides)
Compound

nucleus

jl> E = BBass
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Reactions of synthesis
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Peakuuu nepenaym HyKnOHOB U (pparmeHTaLUU
TAXenbIX UOHOB

(4P, 1969 / GANIL, 1989)
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de /dC2 mbfep
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Deap Inelastic Collisions at the near-barrier energies

T

protons

Reaction:
340 MeV-30Ar + 232Th

neutrons |:>
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Small deflection —
angle

Fragmentation .

é 48C8

E~ 50-100 A-MeV

= = Impact parameter
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Caen (France) 1987
Fragmentation de 4Sca
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T — _
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Z. Phys. A332, 189 (1989)
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IR ; Y Hoeaa ynuua 8 KaHe (HopmaHaus)
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Caen (France) 1987

!

NSCL (USA)
2008

v i

()

59,604
RIKEN (Japan)
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10
Z. Phys. A332, 189 (1989)
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10 protons

30 32 34 2018
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Cross-section of neutron star

outer crust 0.3-0.5 km
ions, electrons

inner crust 1-2 km
electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid

few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?

Yuri Oganessian. The limits and structure of the atomic nuclei, May26, 2022, JINR, ubna



New cyclotron U-400M Dubna 1991d \3
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2016 - first run

3t10 cewnvac!
(made in France)
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FLNR 1962
Q. 9o 0.11s

T | Nel |
150

2p-halo? B.A. KapHayxoB
2008 1965

discovery "di-neutron”
in halo-nucleus ¢He

FLNR 1999

‘He

core
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CuHTe3 CBepXTAXKesbIX 351eMeHTOB
(9P, 1999-2014)
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D.l.Mendeleav’s Periodic Table of the Chemical Elements
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The model of nuclear fusion assumes that the incident
particle and the target nucleus become indistinguishable
after the collision and constitute the nucleus's particular

excited state - the compound nucleus.
Niels Bohr,1936
discovery of quasi-fission
l FLNR 1999

capture

MNeutron

. emission
touching

N7 Evaporation
point \ X b, ‘X O r:sidue
touch capture survival

quasi-elastic
& CN-fission

deep-inelastic Quasi-fission

collisions
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lon charge distribution of Ca-48 extracted from 14 GHz ECR-ion source
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New reaction of synthesis

artificial element produced
with high flux nuclear reactor

n
target
from @» 2 4 288 to separator
accelerator -
projectiles
rare and very n n
expensive isotope of Ca fusion & cooling
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Dubna Gas-Filled Recoil Separator
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Adam Sobiczewski, Acta Phys. Pol. B 41, 157 (2010).
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22 years teamwork
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SCIENTIFIC

AMERICAN V()yage to
SUPERHEAVY Island
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JANUARY 2000 VOL.282 NO1

2000
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Reactions of Synthesis 2010
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Projectile | Intensity
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Epilogue




After it has been shown that a nucleus can endure

A=20-> [A=200 A=200 A=20-> [A=200
{A=20—>
\17
®
/4N )
<t L -
- . a gian
,‘ “ huge deformation
| rotation
high axes
‘remRergfure spin up to 66h up to 3:1
=~ 7
A=220
- d finall '
/o and Tinally survive....

T ~ few MeV (>1010K)
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Heavy ion physics:

from the beginning to now...

*JINR
VISU GANIE .NICA

GSl
13 (J “ﬁBNL GERIN RIKEN

Q Pioneers
Q Heavy ion accelerators

Q Heavy Ion National Laboratories
* Heavy Ion Colliders




MeuTbl

Kak-to I'.H. &nepos cnpocun meHs, 3Har0 nu 1
CAMYIO 3aBETHYHO MeuTy 3KCnepumeHTaTOpa?

Ha camom pene ux (meutbr) ase:

1. Ter cnuwb, cuavwb B KMHO, Urpaelb B TeHHUC,
obenaelsb,a 3KCNepuMeHT uaer...

2. YtobLr y Teba 6b1nu cunbHblie KOHKYpeHTLI.
OueHb cunbHble, 6bITb MOXeT, CambIe CUMbHbIE.
Ho, Bce-Taku Tak, utobbr OHU 6bINU 6bI BCceraa
JYyTb-4yTb nosaau!

Yuri Oganessian. The limits and structure of the atomic nuclei, May26, 2022, JINR, Dubna



ahead start
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Cnacubo 3a sHUMaHue!



