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Reactions of Synthesis
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1998 - 2007
Experimental technique

Dubna Gas-Filled Recoil Separator

position sensitive

Srip detectors 0" detectors

‘vet

Transmission for:

EVR 35-40%

target-like 10-4-10-7
projectile-like 10-15-10-17

etector

gas-filled Ctalion
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beam | | N\ /AT QL
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——
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. OraHecsH, I'.M. Tep-AkonbsaH, 33 Bcepoccnnckasa KoHepeHUNsa No KocMnuyeckmum nydam, lybHa, 20:



low-background detection schem249Bk

S
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Fusion — evaporation reaction c
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)\ ANOaKTUBHbIV PacCliad CBEPXTAHAXEJIbIX A0EP
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. 3845Cm + 48C2
Even-Z nuclei ! M242Pu + 48Ca
4&38!! 18C 3n 2n
4n 3n 244Pu + 48Ca
294 4n 3n
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11.65(066) MeV 5n :
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Odd-Z nuclel

243 48
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Spontaneous fission even-even isotopes
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nfirmations of DGFRS data 2007 - 2014

A/Z Setup Laboratory Publications

283112 SHIP GSI Darmstadt Eur. Phys. J. A32, 251
(2007)

283112 COLD PSI-FLNR NATURE 447, 72 (2007)

(JINR)
286, BGS LBNL P.R. Lett. 103, 132502
287114 (Berkeley) (2009)
288, TASCA GSI - Mainz P.R. Lett. 104, 252701
289114 (2010)
SHIP GSI Darmstadt

292, Eur. Phys. ). A48, 62
293116 (2012)
287, TASCA GSI - Mainz P.R. Lett. 111, 112502
288115 (2013)

TASCA GSI - Mainz
293 PR.Lett. )12, 172501
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OTKprTVIe CBEPXTAXEJIbIX
2J1IEMEHTOB CTaBUT BOMNPOCHI
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[Tonck CT2 B npupone — akTyasibHas

3adlla4da

1. 9TO eANHCTBEHHLIN NOAX04, B KOTOPOM He
NCKJIIOYEeHO nony4yeHme n ncciegoBaHue aanep,
HaXoOALNXCHA Ha BEPLUMHE OCTPOBa CTabunbHoCTN.

3. ObHapyxeHune CT3 B npupoge nmeso dbl OrpoMHoe
3Ha4YeHue N4 nosiydeHnsa yHMKaJibHblX CBegeHuin o
BEPOATHbIX 06beKkTax

[@aNnakKTUKWN, rge ngeTt CUHTE3 TAXKesblX
3/1eMEHTOB.
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MuweHbio B 1012 aTtomoB CT3, MOXXHO MCC/iefoBaTb CBONCTBA COCELHUX agep
) OCTpoBe CcTabunbHOCTN.

Z+2, N+
N-1,2-1 (“He, n)
ST 10“2*6crn'22 s7T,
107 em™°s™ 7, 107°° cm
10727 ¢m 2 ///'
O /oo
‘ o0
) , R
arge—exc#a/np
(d,2p): Z-1, N+1
(p.n):  Z+1, N-1 N+T,N+2,N+3,
Transfer Capture of thermal
(d,p) N+1 and resonant neutrons
(d,n) Z+1 5x 1015 em™2s™1,10723 cm?
1014 cm—-2s—-1
10—26 cm?2
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Bo3MOXHOCTb 06HapyxeHnsa CT3 B npupoae 3aBUCUT OT
CYaCT/INBOIro COBMNageHns HEeCKOJIbKNX YCNIOBUMN;

1. Heobxoammo, 4ToOblI Ha ocTpoBe CTabunbHOCTU BbI XOTHA Obl
OOWH HYKNWA, C AOCTaTo4YHO 6onblIMM Nepnoaom
nosnypacnaga:

100 - 107 neT -- NoWCcK B raflakTUYECKUX KOCMUYECKMX JyYaXx,

~109 net -- nowck B 3eMHbIX 06pa3Lax N MeTeopuTax.

2. CBOWCTBa CBEPXTAXKENbIX 4P Ha TPAEKTOPUN r-npoL.ecca u
Ha NyTW nepexona K AoJinHe B cTabunbHOCTU O0J1KHbI
yOOBNETBOPATb YC/IOBUAM «Bbl>XXUBaHUA» saep CT3.

3. Heobxoanm 3chPpeKTUBHbLIN MEeXaHN3M HYKJIeoCuHTe3a (r-
rnpouecc).
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YcnoBus HykneocnHTesa CTD MoryT Bo3HUKATb Npu Bbibpoce B
MeXX3BE3QHY0 cpeay BellecTBa C NJIOTHOCTbIO HENTPOHOB

6onee 1019 cm—3, nponcxopswem

npn CJINAHNA HGI7ITpOHHbIX 3Be3[ B TECHbIX ABOUNHbIX CUCTEMAX

[J.M. Lattimer and D.N. Schramm, Astrophys. J. Lett. 192, L145
(1974)]

NN B NOTOKE CTPYN C NOBEPXHOCTU HEUTPOHHbLIX 3BE3.
[[.C. bucHoBaTbIin-KoraH, B.M. Ye4yeTkuH, YOH, 127, 263
(1979)].



[MocnegHue, Hanbonee NosiHblE NCCIef0BaHNS

[I. V. Panov, I. Yu. Korneev, and F.-K. Thilemann, Phys. Atomic Nuclei,
72 1026 (2009)

N.1O. KopHeeB., N.B. lNaHoB, lNucbma B AXK, 37, 930 (2011);

K. Langanke et al., Prog. Part. Nicl. Sci. 66 (2011) 319;

|. Petermann et al., Eur. Phys. |. A48 (2012) 122.]

Oann OCHOBAHUA UX aBTOpPaM 3aKJIIO4YUTb, YTO HE NCKJTIOYEHO
obpa3oBaHuMe B r-npouecce agep CBEPXTAXKEsbIX IJIEMEHTOB Ha
nonunHe 3 ctabnnbHoCTW.

MpenBapuTenbHbIN pe3ynbTaT: Y(SHE) / Y(U) = 10—12-10-16.
OnHako, 6onee Bbicokun Bbixoa CT3 B r-npouecce, BMAOTb A0

Y(SHE) / Y(U) = 10—2-10—4, He ucknoyaeTcs.
OueHKa BbIXo4a CUIbHO 3aBUCUT OT npeackasaHHbIX Macc, bapbepos
OeNeHnsa n apyrux aaepHbiX AaHHbIX.

BoJsibLloe 3HaYeHne nMmeeT BbIOOp cLeHapus r-npoLecca.
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NMouck Anep cBepxrTaxKesbixX 3J;ieMeHTOB B
KOCMMNYeCKuUuxX nyvdax

nBa pecatnneTna: 1970 - 1990 roAabl.

NH. ®dnepoB Ha4vyan n passnBana Noncknm tpekos aaep CT3
B KpuUcCTaJiJlaX OJInBUHa U3 MEeTeopUTOB.

Ebin nonyyen npegen YCTI/YU < 10-2.
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Monck TpekoB CT3 B raNakKTUYECKUX KOCMUYECKNX SydaX (MpoeKT
oJINMINNA)

A.B. baryns, J1.J1. Kawkapos, H.C. KoHoBanos, H.M. OkaTbeBa, H.I.
[MonyxmnHa, H.N. CTapkos

Tpekn apep ¢ Z > 45 nckanm B
KpucTaniax oJiInB1UHa, B3ATbIX
n3 meteoputos Nirn CTenLwH un
MapbanaxTu

I pa3ely meTteoputa Urn CtenwH (nannacy
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O6paboTaHo okoso 170 KpUCTaNIOB OJINBUHA, Pa3Mepbl
KOTOPbIX He MpeBbIWaT 2 — 3 MM

[Tony4yeHO 3apAnoBoe pacnpenesieHme okosio 6 Teicay agep c Z
> 55,

Habnogann okosio 400 TpekoB apep Th - U.

YZ=>88 (Th,U) / Y74<Z<87  0.045+0.015

(MapbsnaxTtin)
0.025%£0.02 (Nrn CtenwwH)

B akcnepumeHTe Ultra-Heavy Cosmic-Ray Experiment [Long
Duration Exposure Facility, LDEF] nony4yeHo okoJ10 35 TpekoB
apep Th - U;

YZ>88/Y74<7<87 = 0.018.

B akcnepmMeHTax, BbINOJIHEHHbIX Ha CNYTHUKaXx (HanpuMmep,

UHCRE - LDEF), BpeMs 3KCNO3NLINN OeTEKTOPOB COCTaBNdAeT
HeCKOJIbKO NeT.

TT RIAFA ML ILIAA DINARMA NI AP ASIALLIIAIA ILNIAZAT" M AIAD AMRIADIALIN D



NMouck spep CBepXTAXKeNbiX 3JIEMEHTOB B 3€MHbIX
obpa3uax u B MeTeopuTax

bonee aByx pecatunetun, 1967 - 1990 rr., .H. ®dnepos
pa3BuBasa Nonckn CT3 B 3eMHbIX obpa3uax n MmetTeopuTtax
TUNa YrancTblX XoHOpuUToB (AnbeHae, EdppemMoBKa,
CapaToB).

bbin nonydeH npepnen copep>xaHua CTD B BelLlecTBe

COJIHEYHOM CUCTEMDI

~10-15 r/r.

ona snemeHTa c Z = 114 (dneposun, Fl) 6bin oaH npenen
10—-14 r/r

B netydeun ppakumm BeLlecCTBa BEepXHEh MAaHTUMU

3eMnnm.
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Search for Super Heavy elements In Nature (SHIN

HpimenPin K8MPganessian, S. Dmitriev, et al.,
Centre de Spectrométrie Nucléaire et de Spectrométrie de Masse, Orsay

Joint Institute for Nuclear Research, Dubna (FLNR)

dKCNepuMeHTbl Oblin HavaTbl eToM 2005 ropa m
npPoOAoJIKAITCA B HacToAuw,.ee BpeMA

60 *He (7 bars)
counters
L: 50cm & 3cm

Neutron néerator

borated polyethylene

. OraHecsH, I'.M. Tep-AkonbsaH, 33 Bcepoccnnckasa KoHepeHUNsa No KocMnuyeckmum nydam, lybHa, 20:



o s 2 2 2rrrive..

o’ T
% 1‘.,"#1




Pe3ynbTaThkl MONCKa 3Ka-0CMUA (108Hs).

[onyyeH npenen cogep>XaHus 3Ka-ocMus B obpasLe ocMus

BecoM 550 r <10—14 r/r; npenen ona 3eMHon Kopbl — <10—
23 r/r.

B 3emHom kope 1,500-9 r/r ocmus.
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YTo nanee?

Nouck 109mt, 110Ds, 111Rg, 112c¢ns DOCTYMHbIX Ha
3emJsie obpasuax:

— pyOHble MaTepuansl,
— KOCMUYeCcKas MNblJib.

3a 106 ner va 100 m2 nonagaer (1-2)x109 — (1-2)x1010 sagep ypaua,
MIPUXOJALIAX B ITIOTOKE KOCMUUYECKUX JTyUei.

3a 3710 Bpems Ha 100 M2 BbINagaeT ~2 r KOCMUUECKOH LI,
MuHuManbHasA CKOPOCTb HAKOTLJIEHUS TBePAbIX 0CAAKOB Ha 3eMiie TIPUXOJUTCA Ha
OKO/JIOTOJIIPHBIE TePPUTOPUH (~1 MUKDOH 3a rof).

Heob6xoviMble yCIOBUS:
— XNMNHecCcKoe BblaesieHne MCKOMbIX 32J1EMEHTOB,

— NpuMeHeHne 3(pPeKTUBHbLIX MeToaoB perucTtpaunm agep CT3.
. OraHecsH, .M. Tep-AkonbsH, 33 Bcepoccnnckasa KoOHPepeHUnsa no KocMmyeckum nyydam, iybHa, 20:



JKCIIepUMEHTHI Ha MyUKaX TsKe/JbIX HOHOB
48Ca, 50T1, 54Cr, 58Fe, 64Ni

CTpyKTypa cBepXxTaXenbliX asaep, CBOUCTBA UX
PaAVOaKTUBHOIO pacnaga, CUHTe3 agpep c Z >
118 - uenb DAMIKANLLIKNX SKCNEPUMEHTOB Ha

NMydKaX TA>XXeJibiIX ATOHOB.



Where is the end of

Are SH atoms and nuclei different from the
the nuclear landscap

lighter species?
...and what are the shape and density of nuclei L

L] ] 7 i I ‘
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Obviously...

the research field is limited now
by the production of super heavy nuclei

verything we know about the heavy nuclei produced
in 48Ca-induced reactions:

...allows us to think about a SHE-Factory

with production rate about 100 times
higher

than what we currently have
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SHE-Factory

Isotope production:L/

Cm-248
Bk-249 v
Cf-251 New accelerator
_ High beam .
To be increased dose of : Ca-48  SC- separator
10 times . L
Factor 10-20 1120 & sophisticated
Ni-64 detectors
Depend of Factor 3-5
target durability is closely
linked
to the present
progress
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High Flux Isotope

Yu. Oganessian

new mode gave 98
by now factor: 6.5

Z
Cm242 | Cm243
96 a a, (n,f)
Am241 | Am242
95 m a B-EC,(n/)

94

Isoon from the
B “Old 252Cf sources
& mass separation
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HEAVIEST NUCLEI
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New accelerator and new Lab. at Dubna

Production today: ~ 5-10dighyFactory: 1.0-102

factor: 20
Increase a beam
dose

& Beaa'n time

- New

- cyclotron
g

f10-20 pua  Factory

~ 7000
h/year
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1eme of the production and delivery of SH atoms to detectol

Mass analyzer
EVR’s transport interface analyzer
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