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The workshop on the nuclear sciences of the heaviest elements took place on July 21-22, 1999
at the Japan Atomic Energy Research Institute (JAERI), Tokai. Approximately 40 scientists
and 15 graduate students participated in the workshop which was organized by the Advanced
Science Research Center, JAERI. The successful syntheses of three new super-heavy elements
in 1999, Z=114 at the Joint Institute for Nuclear Research in Dubna, Russia, and Z=118
(with Z=116 following from a-decay of Z=118) at the Lawrence Berkeley National Laboratory
(LBNL) in USA, are tremendous progress in the field of the heavy element research. The lst
International Conference on the Chemistry and Physics of the Transactinide Elements (TAN99)
was held in Germany from September 26 to 30, 1999 to discuss in a larger context all scientific
aspects of the heaviest elements. Thus, it was timely to hold the present domestic workshop to
summarize what has been done in recent years, to see what has come true, and to discuss the
perspectives in the near featute. The subjects in the workshop were classified into; (1) synthesis
of heavy elements, (2) decay properties of heavy nuclei, (3) chemistry of the heaviest elements,
and (4) future plans of the heavy element research in Japan. This volume contains the papers
presented in the workshop.

We are grateful to all the participants for their stimulating contributions, and especially we
are indebted to Prof. B. Fricke of Univ. Kassel for his excellent review talk on the heaviest
elements.

Keywords: Workshop Proceedings, Transactinide Elements, Super-heavy Elements, Synthesis of
Heavy Elements, Decay Properties of Heavy Nuclei, Chemical Behavior of the Heaviest Elements
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1 . Workshop on
Nuclear Chemistry and Physics of Heavy Elements
JAERI, Tokai 21.7.1999

Summary of the Talk by B. Fricke, University of Kassel / Germany on
"Frontiers of the heaviest elements - towards an understanding of the physical
and chemical behaviour of the elements"

The description of the chemical behaviour of the heaviest elements has directly to do
with a good relativistic description. In the limit of very low charges (at the beginning of
the Periodic System) the non-relativistic description looks of course very much like
the relativistic description and the problem is that we have learned to think in terms of
the solution of the non-relativistic Schrédinger equation.

In the first part | will therefore try to discuss the difference between the non-relativistic
and the relativistic description. The talk has been structured as follows: first a brief
discussion is given for the relativistic effects of 1-electron atoms which then will be
extended to many-electron atoms. In the third section relativistic calculations of
molecules will be discussed.

. One-electron-atoms

non-relativistic relativistic

Schrodinger-equation Dirac-equation

The radial-equation is one The radial-equations are two
differential equation of second order differential equations of first order
One radial function P Two radial functions

Radial density has (n-I-1) nodes Radial density has no "exact" nodes
Angular function has | nodes Angular function has no "exact" nodes

Good quantum numbers:

n, I, m, parity n, j, m;, parity
for | > O there is only for | > O there are two states j; =1+ %
one state for a given n and | and j, =1- Y% (spin-orbit splitting)

The comparison between the non-relativistic and relativistic calculations can be
summarized as follows:

- strong radial contraction of the density |P|2 + |Ql?, especially for s and p states
- strong increase of the electron density near the nucleus

These are the direct relativistic effects

In addition the indirect relativistic effects are showing up. They arise in many-electron
systems when the inner electrons shield the outer electrons due to the direct
relativistic effect stronger than in the non-relativistic case. This effect can best be
seen in the case of the outer d and especially the f wavefunctions.
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“Frontiers of the heaviest elements - towards an understanding of the physical
and chemical behaviour of the elements”
B. Fricke, University of Kassel / Germany on

The description of the chemical behaviour of the heaviest elements has directly to do
with a good relativistic description. In the limit of very low charges (at the beginning of
the Periodic System) the non-relativistic description looks of course very much like
the relativistic description and the problem is that we have learned to think in terms of
the solution of the non-relativistic Schrédinger equation.

In the first part | will therefore try to discuss the difference between the non-relativistic
and the relativistic description. The talk has been structured as follows: first a brief
discussion is given for the relativistic effects of 1-electron atoms which then will be
extended to many-electron atoms. In the third section relativistic calculations of
molecules will be discussed.

|. One-electron-atoms

non-relativistic relativistic

Schrédinger-equation Dirac-equation

The radial-equation is one The radial-equations are two
differential equation of second order differential equations of first order
One radial function P Two radial functions

Radial density has (n-I-1) nodes Radial density has no "exact" nodes
Angular function has | nodes Angular function has no "exact" nodes

Good quantum numbers:

n, I, m, parity n, j, m;, parity
for | > 0 there is only for | > O there are two states j,; =1 + 12
one state for a given n and | and j, =1- % (spin-orbit splitting)

The comparison between the non-relativistic and relativistic calculations can be
summarized as follows:

- strong radial contraction of the density IP|2 + |Ql2, especially for s and p states
- strong increase of the electron density near the nucleus

These are the direct relativistic effects

In addition the indirect relativistic effects are showing up. They arise in many-electron
systems when the inner electrons shield the outer electrons due to the direct
relativistic effect stronger than in the non-relativistic case. This effect can best be
seen in the case of the outer d and especially the f wavefunctions.
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Il. Many-electron-atoms

One has to solve the statinary Schrédinger- resp. Dirac-equation H°|| ¥> =E|¥>

In order to solve this equation one has to chose:
1) Ansatz for the Hamiltonoperator H, = ...

2) Ansatz for the wavefunction |¥> = ...

In the relativistic case the Hamiltonian is

Hei= 2 (@pj)+(B-1) me?+V(r)+ Z

i ilj lri—rj/

el

2a) With the ansatz of one Slater-determinant | o> for the wavefunction one gets the
averaged Dirac-Fock equations after the variational procedure.

2b) A linear combination of Slater-Determinants allows to construct wavefunctions
with good angular momenta. This kind of functions are usually called: Configuration

State Functions (CSF) |¥>=|CSF>=Y ala>.

After the variational procedure this leads to the Dirac-Fock (DF) equations which
have good quantum numbers J, M, and Parity

Procedures to go beyond Hartree- or Dirac-Fock

The additional energy which goes beyond HF or DF is defined as
correlation eneray: E ., =E . act - EHForoF

There are two general options to perform such calculations:

a) using the variational principle and b) using perturbation theory
Here, | just would like to name the methods:

aa) Configuration interaction method (Cl)

ab) Multiconfiguration Hartree- or Dirac-Fock method (MCDF)
ba) Many Body Perturbation Theory (MBPT)

First atomic calculations for the heaviest elements:

Atomic Dirac-Fock-Slater (DFS) calculations

1967 to 1972 for all elements above 100 up to 172

A complete first survey of the calculations and their chemical interpretation are given
by B. Fricke, W. Greiner and J.T. Waber in: Theor. Chim. Acta 21, 235 (1971)

The Periodic System in its continuation till element 172 is attached as Figure.

Atomic Dirac-Fock Calculations (DF)
1973 for Element 111, Eka -Gold
1974 for Element 103 (Lawrencium)
(the general accuracy ~ = 1 to 2 eV)
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Atomic Multiconfiguration Dirac-Fock (MCDF) Calculations
1980 Element 103 (Lawrencium)
(general accuracy =+ 0,5to 1 eV)

Atomic large scale Multiconfiguration Dirac-Fock (MCDF) Calculations
1990 Element 104

1993 Element 105

(general accuracy = + 0,3 to 0,5 eV)

Atomic Many Body Perturbation Theory (MBPT) Calculations
since 1992 results on the elements 104, 105, 111, 118
(accuracy = + 0,1eV)

I1l. Molecular Calculations

There exist many thousands of non-relativistic (quantum chemical) calculations of all
sorts of molecules in many approximations. The most famous code is: Gaussian 98.

But there is not so much work on full relativistic calculations.
The general procedure to describe molecules is very much the same as for atoms:
- choice of the Hamiltonian

- choice of the wavefunctions

Usually Slaterdeterminants or sums of Slaterdeterminants built out of symmetry-
orbitals are used which are constructed from basis functions.

In the non-relativistic molecular calculations on the level of HF, HF-Cl or MBPT
usually basis functions are used which are of Slater orbital or Gausian orbital type.

Scalar relativistic calculations

In this type of calculations the relativistic effects (usually the mass-velocity term) are
added in perturbation theory. The wavefunctions are either one- or two-component
approximations (instead of the 4-component full relativistic wavefunction).

A few examples are the Baerends Code (ADF, Amsterdam Density Functional Code)
and the calculations by Hess in Bonn since around 1992 with the possibility to
continue with Cl- and Coupled Cluster calculations. Results for large clusters are
achieved by the group of Rdsch in Munich.

Relativistic Molecular Calculations

Since 1973 Ellis, Rosen and Adachi have been developing the DVM (Discrete
Variational) Xo-code with numerical basis functions on a Dirac-Fock-Slater level of
the density functional theory. The problem with this code is the numerical inaccuracy
which up to now did not allow to calculate the Total Energy.

In 1980 first DF calculations for a few diatomic molecules in the monopole
approximatin by Pyykkd (AuH).
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Since 1989 DF calculations of small molecules by Dyall, Faegri, Malli with Gaussian
functions.

Since 1993 we have been improving the DVM Xa-code so that now Total Energies
and Geometries can be calculated (with improved integration scheme and improved
density functionals (GGA))

a) Molecular Dirac-Fock-Slater Discrete Variational Calculations (DVM-Xa)

A very first attempt for the actinides and transactinides was 1978 for (E110) Fg

and 1979 for UFs by Rosen et al.

Since 1990 systematic studies for Halides, Oxi-Halides and Di-Oxi-Halides of the
elements 104, 105 and 106 by V. Pershina, T. Bartug et al.

Parallel H. Nakamatsu, M. Hirata, J. Onoe et al. performed a large number of DVM
Xa-calculations for actinides and started for transactinides.

But: all these calculations are not Total Energy calculations!

b) Molecular Dirac-Fock-GGA Total Energy Calculations

Since 1993 we have been developing and improving the code

(Kassel group plus T. Bartug, M. Hirata, H. Nakamatsu...) to calculate

potential energy curves, dissociation energies, total bond energies, bond distances
and geometries, effective charges, overlap population, etc)

But: still a number of problems have to be solved and approximations have to be
improved (especially the exchange correlation potentials).

Summary

Achievements for the ab-initio full relativistic LCAO calculations of molecules during

the last 15 years:

- much bigger and faster computers

- very accurate numerical integration routines (the accuracy is now better than 10-7;
DVM only =10-3)

- much improved density functionals (in DVM simple Slater approximation =p1/3;
now full relativistic general gradient approximation (GGA) is included)

The Figure which is included here is the Continuation of the Periodic Table of the
Elements up to Element 172. '
This is taken from: B. Fricke et al., Theor. Chim. Acta. 21, 235 (1971), where the
Chemistry of all elements above 100 is discussed for the first time.
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2. BAngEL BERFEZOFHR
On the optimum entrance reaction channel

for the synthesis of superheavy elements

KH A
Masahisa OHTA

FRAY HER YEHE

Department of Physics, Konan University,

Okamoto,Kobe 658-0072,Japan

Keywords : Evapolation Residue Cross Section, Superheavy Element

Abstract: Using the three-dimensional Langevin equation and the one- or two-
dimensional Smoluchovski equation, a time developement of a nuclear shape of reaction
system including the configuration concerning with the process of kinetic energy dissipa-
tion, has been calculated to get the evaporation residue cross section for several reaction
channels in superheavy mass region around Z = 114. The calculation is extremely time
consuming and it is not easy impossible to search systematically the optimum reaction
channel for the of new elements. In order to contribute to the effective preliminary
investigation which entrance channele is more suitable for the synthesis of elements in
superheavy mass region, we propose an empirical cross section formula which is derived
from the knowledge obtained so far in our calculations. This formula is a kind of extrap-
olation from region around Z = 114 to the other mass region, and is usefule for not only
experimentalists but theoreticians to proceed their investigation to the next step. The
validity and the essential point of the open problem concerning with the fusion-fission
dynamics in superheavy mass regin are reported. This formula will be a great help for
understanding which quantities determine the evaporation residue cross section and how

the behaviour of there quantities connect with the physical cancept.
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1. U BHIC

BEETHER (B3 o7 &A%V BTFR14ERLE T HEFEORE) TH
LWETFH ., aVETHEESRL L) ETHERIF A VDOGSI], BYTOF v 7 F
2. 7 AU B D=2 L —R BROELFHIET . FTOMAF CRHERL WIEET SN
Twh, WEEIZIEE ALK IN—VEETH D0, BEOERBMOBRTH 2.
SEUCHV SN A RIS OOBETHOMARIET ., EES RO KEVE FHENDE
HAZ b AR OMA A b b FR I WA RA L FREN 5 AT A VF -2 REDOHN
MOTF LB EoT. BERTHARTOETHY O LOBRIIBI 2 MEUGHER
U S N - AR BD B B WIZ T % BUH T 2 A O BRI BB L % 5,

BEETRERICESEY O L ARARCIEIL . ASHF v A VOB EXFHMEICH <
AT 5, BRI (0= (A — A2)/(As + A2), A RU A, RS 2 BFHORR
B) 0IEVEES (EEMHESRVEE), HAKOBFESBLL0EHRILTK
XL B b, BFESLRVEA, ZOo0 AGEOHEM ST O B0 RS, EKOT
ST B BB S T OSBRI O ESE L VNS 2720 MR 7 —o o REE
(RUARERE) Z A TL T ) EIFFICREILMERTHELTLI ), SRIIRLT, BT
% bl MAREYBZTL., XSSO LSHBREBDHETHER 2 VLM
SEEBIC AL TV, WhW ARIETHE (fusion hindrance) |2 X 2 M EHEOBENET
KEET 2. COWHEDREIANF r AVOHENHEMEIBLZa=060HEIH
TUF0 - Fr Oy EEBITRELLZDLEHEBLTLE) #oT, EED o DEITH
By A AN EL EL CEHES 2 LEVDH 5,

BB 1RV EARE AR T A2DI0. &) —2ERLZRTRORIZL SRR
TR X 2 BBORETH b, BRBERCHHOILIFRT SENGHL &
L% 5%\, ZORBEOR FRIREBK 2 EEEITOSRBEIZII L ALHFEET,
REREET, B A VIRV ERIKE (PHFRIEOREL ) L EVEERE) TRF#E
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DD STFoTVEDIRY 2 VHRIZI D GHERTH 5, TOTRBEIEEEDE
CEBY 2 VRIRIANVT —DEICL>TEL 50 ¥ 2 VHIRIE, —RIZFEFROBREIC
BT Do ZOORTHEHAL | AN EFH T AN —VAELANVF - L THIRL 7
KT HBIIEENTE ., Vo VRIRIC X AHRBEIIEL TV %, PUHFCFEOR
AN B EEESICEGH S, Yo VIRIC X A RET A OB EE SR
WERFHIIAEIIFL TRENLSNT . HILVWBEROBRUNIEBTH S5, #£-T, 7
LB KT HRIHEROBELIEL (FHEL . HEBDHEDL L DA TR FEERE EFIC
RODLLEND 5,

BERFHABBEERI LERO-S0ER, b, HAMERERL HERORRRY
B L THOEERYVEROE, LFMSN D, ZOWENHEERIFEFEICHELZLOT
AN, THOHDHROFMZEHL THIFL AL RKMES-> TVWWERE L OYEH 2 E
BROTWD, LNEEEOSVERTER. FXERR L V) BRI ERZ T TL L.
HER FRERTOMEZEREFTHE - 7HROBIBELBHL T {THFFSHAE
(72oTWLZEIE, BRERBOREVWERSEROBNFZHLPIIL T ETE
RENHDTH S,

%9, MAHEROFMICEL THMEL 25013, RETTRRLER L R T 525,
MEREEDHINDIEL WEIREE | AN -RIEERT Y v v VTR SN HERD 5
HEFH T ANE - OBFRIZ I ) —FOWBERT Vv VTRBINBIIELYF ) F
DEETH Ho UTICHRRDLFEADKEFHETIZ, OO0 b —FN L L
LT LROBE L L DV RENICERTELEENRNT A—FOFROEELEETH S,

RKIZ, ~HER SN HEBPTRBERL OBEOT T, RRBRIABE L THEEERLIHE
FIZEAL T, Yo VEHIRIZE WAL 2 0 RERORERFESBHINAZITAELZ S 20
BEEGMETHLH, THREBORERERGFEL., dUTHRHEEICL2GHORI L ESL
THHRBEREDRS 2RO L7720, BEREGHHEICKRE CE/RT S, 2LTHHETF
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BRI P FORBEZANF IR T 5700, SVRENLEERPLEL 2D, 7
ZER OB KR S RIEE T T 2 BEBEN OO 2 g bl v, T2, Y VEIR
L ANHREREROKE SEHROILNVEHETELFHEL COBERFHEIRTLEER S,

COETIR., KEICERDE T 4y h— T T v 7 HEROBCEROBRE AT 5
AENTTAF—HRARIZRTT v ¥V any FRREFo TROL-BEHERL IS S
DEXFZRYVERDOT -5 (BB RITIAEKD [3, 4, 545, BRI RIIFIFS (6]
DEEIZL B, T/-MET5LEE L TRef[7,8,9%28H) 237 x—4{tL . £ED
AFHF v AN TORRREBWERLTHNT LI LOTEL2BEREEY . EOASF ¥
ANDE DO ASFTANF — CHIERPERTRELEZ S5 202 #RT 5, ZOFEDFHE
=20 R THTEROBREHEE R DI AR EREELEL T2, BETTICER
SNEFEERICL LT ZOARE . WHIEKHEROMERUMNEARTH S, —00
BMERTEEERTHA2HE. MEYBZEXONLAFF Y ANVOHL AFFTFINF -
o, BBLROLULDEDITALE VI LIIBRIZE > TOLERICESTHEERT L
2L 8T A=54b§ B LIl & o TSN - BRI LR E RICORFEAZA UL
TLBREDH D, FOERTIOARIT, HRADERFEOLMUL T A— ¥ {LOFiE
DRE SN EHERFTSEX LT, SBIOTHORBIILE>THERZIOTH S
LEZLbND, M, TOBERZELIIHoTBEITL 2V Y 2 —Iid Ref[10, 11, 12, 13]
TdHbo
COMEFEL—EOBETEASRII» b IBMEIBBBOMEIIEREI V-7 (K
H., f1H., A&, FE. dl. BERCER) & TR FEEWELHET . Mo kHE
WEBbDETH S,
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2. M PRBEICHT 2MIBRRE BRI E

BEE THEBIC BT ARG - TRBBICTT2RAOWEHEEHAT L, HRT
5T ODETHORMOBERREY . FOEMA»ORMEL THEMZERLZY | &’E
JEEMSELO L) CHAR ETHUY S OOBKAIC LD, TLRELAHETHE
URREEY B THRLED, Banid, PREDFEFIH B> TRERIAKRL LT
BAGRY DS IS T BREERBIIAN, TOROERTLER/NT XA -5 ZETO—2D
HOBEERLELTELZ 5,

Y OB@BENENMOERTERI 2001, 85 MHER (F1 213 20RO HKA
BAL) 26 L T, BN XIHBROBBERESRTT v ¥V any HEAD . $KRT
PHHBRREBCTENT A2 & THRT 2, #FLVWEITELEIZEKAOXHK[1,2,5] ¢ 5
ZIZLTWAELZEIILT, S TIRZOMIEE AN RMERLERTLZLIIT %,

— SO EFHOERENIA O A BB T AL - RPT ALY — IR SN2 E T
ORI (~ 10 x 102 BEEO,L ) EVEEBER) . TEEEE HBEOESHEI BN
KPTWEWEDSERITET Y T any FRAFBI LR D,

dgi -
{ — = (m i Pj

i 8V 10 _ _
P 55‘;(m Ykpsi e — i (m ™)k P + gi5 Ry(2)

S Tq A ERERE (i =1,2, - N, NIEHEBOXRTE) T, I Tid &R
DI8T A= L[4, 15]125E> T (Zo,8,0) Thbo Zo RARUTFHOBBET | SIXEHE
¥ETo a RARTF ¥ A NVORBIAHERT /N A= TH Do p ZENIIHIET 5:&
BETH 5, GMLNORETFHRY EL 2 BLITOERBRIL

(@0~
(Ri(t1)R;(t2)) = 26;5 0(t1 — t2)

S oM SITIBRERBERT v VL L REHREED, O B bR E T,
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Z:,gik gki =T
mi; (@) \FFANZEET >~ VWV [16], 7;(§) 1B T T 2 Tld —fkD Wall-and-Window
AR(17, 18| HEEL b DR Mo TV D, VIZGLMEREL IKEL KT ¥ ¥y
VIANVF =T

-

V(§,0) = Es(@) + Ecou(d) + Erat(d,©)

HREFHOEL EL WL RETANVT —, WAL -READFHRE AR -B VR
HEVREEL R VE—DMTH b, BFHEOREE T TH SN Toke-Swiatecki[19] DIREE
WHENT A=Y o BVTHE), MOPELANVF - E* =aT*ORRBICH 5. TEHOD
GV any FRRUCIBEFETRVICY 2 VHRE LD AT,

HET L ZOOBETFROMNER T A VF —HPRIL A VF —ICRBRIN - ZIT, B
AT T RTAENITAF—HRRAAMELI LI b, ZORRT7Av =TIV 0h
BRADBRVEBBHOEET AEGOBBRIIIEL TWa,

P . (8 [0V 2P
2 ()AL (ZR) 4T
o =V ”%%Q%>+ %mJ

ZZTP(qt) IHEREERTH B, v, (R EROFALBFL THEPKT v L
HIZREICKEL Y 2 VIRODEE DT ML TV 5,

-

V((T, E, T) = Vmacro(q‘; E) + ‘/shell((}; T)

Y VHIEZ RANE — Vypen(q, T) DRI T 5 K7 IS Ignatyuk % [20) DBEIE =
HwTwb,

&
Viret (@, T) = Vineu(q, T = 0) ®(T')
®(T) = exp(—E*/Ep)
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T & T Ep i3 shell damping energy T 20MeVA & HNM TV 5, FHFHIBIC L 528 E
B OIRE ORI T (¢) 13 %5t 2 — N SIMDEC[21]I2 £ > TEIRL Tw 5,

FERBEMOERERIT (¢t =2000 x 1072 HTEMEL T 5)

d(E",0:1) = / P(q,6;t)dg

inside saddle
E* = em T Q

TSN, BRORVEROS &ETOBRAL) SNAOEXRER T MAsbELI L TK
T 5, Eo T, BRREREBOERBT I

wh?

OER — 9uE Z(Zf + 1)d(E*,£;t = 2000)

em g

THEZHN 5,

bL. AFZANVE - RARERE (41 Bass DR T~ & v )VEERE [22] * VTV 3)
DB TR BRIRET > ¥ x VRO FE BRI Prener.(0) 75 opr T KD 5RO
diZ#h 5,

1
Ppenet.(e) = 1+ exp?w!Em;t;EBQel)

ZIZTER()IZBassDRT ¥ ¥ ¥ )b, hw idWHOEORET, F4i1x3.5MeV % H
WwWilTws,




JAERI-Conf 2000-002
3. BERAAXORE

TN BB X BEH BRI, EHTAEET Y. Yo VRIRICL SMWIET
AINE— | BEEDOKRES, Y VHROBEKF/ ST A — % (shell dumping energy)
BIm S TRECELRSN, BEENF LI TBEEA0E )P bPRTIEI LV, o T
LLTORBHAROERIE, 20X ) RHBELZEXICANLFEL TV A,

3—1. HEUHOAHF v RV TOMEHEE Py (o =0)

LIRS (Z, N) = (102, 166), (108, 176), (114, 184) I27% 5 & ) 2 KB FR%2 A4t
Fr R (a=0)2bDOMEHEEIRINT %,

10°® Z=114

10-12 ! | 3 | 1 ]
0 20 40 60
E (MeV)

X 1: &8 (Z,N) = (102,166), (108,176), (114,184) IC 3t T 2 B S MERE £ SR HEE,
Thb—RIEAENTTAX—FERAUC L B5HE, (from Aritomo’s Doctor Thesis[5])
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HEMOBMEE L P HEHERIIL Y | BEEMEICER SN AHRPTTICKET 2k
% (t = 2000 x 10~2'sec) FT—RILAEN 27 A% —FRATHRSHELEHAL 2V OT
5 [5lo ZOMEHNKEL BB EBBIHEIGBIT 2, TAVF-DRGHELET
LTz =6.0fm POHEMEs =03 T, LAEOHARNEZRT Y Vv LI A
VE—ERSHLODN, ZEEDIIERIBAT IMEHEOME L BARRIIH S,

10

10

Energy [ MeV ]

10

-10 |

Energy [ MeV ]

10

Energy [ MeV ]

10 -

10

Energy [ MeV ]

-10

2 WS RRBIZ o2 T v Ve VTR VF — #i#i (from Aritomo’s Doctor Thesis[5])
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Potential Difference from Xgon t0 X=0

20 r] LR I ryr17i I T 1 I Yy 71 l-:
15 [ .
> _ ]
<10 B
5F .
0 :1 (AT N T T N VR YO U U NN W T U TS (N VO S S | L:
100 105 110 115 120
Z-number

M3 r=60z=0COHRHERTFY I YVDEAV,

M2i2Z =10276 Z =116 FTOREDREFEIHHTERT V¥ v VT AV F — i
AR RO R (Tl z =0 KB STV ) OBKE L THINT
Wb, BMASEHBRNZRT VU vy (HEEE) T, ERIE V2 VHIREMR - DTH
Hox=60s=0TCOHRNERT VI Y VOEAVII ZOBKELTAV =2 -100
THRENS (M3), MAHRIZe 2V TIZEHRTLOT, TOAVIZ Py DIXF A—F
LIZCEELZRFTH 5,

CEICRL72Z = 102,108,114 D=8 ) ORI EHERE Z OB E L TH A DEkE = AL
¥ — E* =15,20,30,40 KU 50MeV i22oWwWT7uy b§5&, K4IRLL I, K
Toy MIHLTERICE S, SRS OEBI (Z - 100) 0 —KkE@HE L TEMSR 2,

4.6
loguo Pror(o: = 0) = ~26 — (2 +0195)(Z - 100) (1)
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P(symmetric) E-dep, Z-dep

[ T T 1 L I 1 T ' ] ] T T T T

-4 + ks
i i e E=15
— w  E=20
% 6+ n o E=30
o i o E=40
¢ E=50

-8 - —

-10 | TR TENS TS O N TN TN U NN U M S R

100 105 110

Z number

X 4: MAEERORHEL A NVY - RURFETEKEFN,

3—2. BRFEMHDARF v+ I TORMEHEE Py ()

BWEM (Z,N) = (114,184), (114,176) DB EHERZ 5 DD R 7% 5 N LB HEIEAFR
AFFF v 2NV L DFHEL BRI IIREN TV 5 (23], a DfEI0.5,0.55,0.6,0.65 K UF
0.7 >TWh, IRLDFBRTRTIRELT v ¥ any FRRUIUE > TROBRD
B LE B L 2B RICE2DDTH L, REITRINTVAIANVF —id Bass R
YUARNENEDTAF L ZIIHIDT AR AINF - Ep Thhb, ZOIRNVF —
LLFTd, BT 570103 7 -0 VEEZ ERL 2T IR 5 2O T & 5 ITERHR
RKRTF L v VOBEBEREZERBLR2ITNIZ L2V, hw = 3.5MeVIZE N TWTH
BFRTRBRIERICZ o TV 5, FEHMEAI/NE (2 2 L RETIED G 2 ) RS
QIEDFAT Bass EETOEAHOBERL A NF —DMEL 2 D00 HBTH 5,

Z @ Bass BEEIZAILT A AFT T A NF —TOREHERL 2T A -5 allD
WTHAZDOUANTT Oy M LAEOPH6EIZRINTVE, EENHREOR L 5 A5
Fr A VDBRFTRHNENT VS, BAEIEIKSD Aoy = 298D E TOREGHROE
. 3775 AT Acy = 200D 8% RL Twh, $:FLHDa = 0D LIl ALED
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o-Dependence of Fusion-Hindrance

I ! 1 T

I
10° ) b
8 =07
f101 ZCN=114 0.6
g 102 0.60
§ \ 0.55
o 10"
a ) 0.50
S0k, [
g 10-5 ,‘ “_—ACN=298(a)
£ 10 - -~ -Acy=290(b)
w0 f
[ i 1 1 1
20 30 40 50

Excitation Energy (MeV)

5 RMAHROERIENF CT 2 — 5 KEFH.

Formation Probability at E pass

10°
10° ) Zn=114
1075 1 BFm. g
10 " . 2 *Cm+*Ar
a1 0_5 ———— 3 *pu+*Ca
@ 10 4 2 45T
@ 107 5 ™The*Cr
s 10_B 6 *Ra+*Fe
o 10.9 7 2*Rn+"*Ni
10, 8 *Bi+"'Ga
0
-12
10 e it SR S | i | 1 1
00 02 04 06 08 1.0

Mass Asymmetry o

o 6: Bass BRI ZHIET AAFZANLFE —TOREHER, WAWALLRETEFIINTALE
BIEGHINT A — K.
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CRENTV L ONFHOB TR ERAHTH D AHF ¥ 3025 OMAHETHY |
Nk By TOMBHEEALT, INODAY T 2 IHHEOBETENT 5o

_ Pfo,-(a = 0)
1+ exp{(a —0.5)/A} @)

T AITRRERINC0.08 % VTV, R (2) DBIEIC X AETHEFERS Z = 102,108
RO 14122V TEFNRFNBER — SRR ERTHEIIREINT WD, a =05 D
BODESNAFTATEYFEHRR(2) 2L 2K, ZORYUBERARLLHII, 3K
Ty VanyEHHTHIIERTH ), MRDWNT A—Filh>oTWwaE, ThbHD
fEix. EED aDMEIT 5 Ey TORMSHEOEZETONDOT, E* > Ef DR AV
¥ B BAHERIE R (1) DT A NVF —RTFHICHE D b DL A% T,

log,, Pfor (a)

REATERD AT v A VEEMHREICET 2 KFERY Z 0B X 2RAeENR
BEARZOR6 L) KFHICERTES, REEMHNRT A—F aBLE06LN/HEL
RAERARIIBAWENKREL LD, ZORBAR TR a< 03 THENEREIZIIIZ—F
A EERLTVS, $72, a< 030FEBMTIR ZA 28X 5 HICH I HIIL REHE
ERBLLTVD, Z=114DFBAET, a =053 LT 2MEEREN10TH), 3K
T v any FRRILA2HTEE,»LEZ T, IRHEZORFICLIEEOBRRTH
BIENRFRINDL, TNLN) /PSR HERII2RILNIEIRTOAEN T T AZ —FiE
REMC LIS RIER L 2V,

ZITHMEIR, —KTAELITAF—FRRICEDa=0TDF—F L, a>05i
BIFBL3RLT P anyFRRACEAF— 5% —0o0BBTEBRTLII LI r#ER R
TR O VAR HLIP HNEVEVn) 2 THE, Thid, FTEOMEEREL B L
WHIZETHI, RQZTAVBICEHZIOI L #SHICBNWTBLLLENH B, Z =102
WBWT, 3KRLT YV any FRALTAVTa=0FTHETAZ LB RIED DD
ETh5b,
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One-Dimensional Model

T T =T T

Zen=114"
=10

NCN=1 84

o o
. o A

Survival Probability
Q

-’ A ek ad
o
-

<
&

20 30 40 50
Excitation Energy (MeV)

M7 Z=114DT7 4V s =T OHEH L OEXFERD R, BEBEIL 10, (from Aritomo’s
Doctor Thesis )

3—3. HABDEERVER P,

BOMAHOR L OBEEOPTHETF L TRRREAKRE 2 5HRE | 3RLT
VO any R ETVTY 32— b T AL REFTERBELET 5, HEH
DORBIZEL TIEORERIC B L ER— KT ZEMTONHEFEN (I TRAEVIT
2% —FHR) M GEMERAL TWwa,

7 = 114 TP F30A% 184,182,180,178,176 D5 2NDT 4V b — T DR, L DEEFX
DRERAS . ZNOHOFRRIALF—ORBE L THTIIRINTV S, FHEFIEHIC
ol FHTOSBIAVE DN, PHFRIBICIS2GHEE; R R S,
EoT. FUBRIIF YV A5 AENCY 2 VHIRIC X 25 HERES TSI HEL . 8]
EREFENLFLI LR D, ZORBEREFRTOMBDENL 2o THA TV S,
LFEROBEETFEOT AV N =TI BT AR RFOFEL R VF 3, FhER
5.24,5.62,5.99,6.43 KU 6.70MeV T 5%,
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N-dep. Survival Probability

T[lll]lllll[l|lTTl1l|lll[

o
ol

o
o
|
|

o
h

Slope Parameter c
o
H
{
|

YN N U T T YO N YN U 5 T A5 T U W U OO 0 W A A O O N

50 55 60 65 70
Average n-Separation Energy

o
o

[ 8: 4 & 5% ) HERDEM DO FHYh T o8 T &L ¥ —IKFH%,

M7D520D7 4V b—70%ERIVEFOHEFE . LRROENENDOEYPHTFS
BMIALVE—giixLT70y b THEM8DEHITR D, £EFR)ERORFPHEL AV
¥R, PHPEF ORI AVE - CBURELTB)., K1 IIRENZZZ0OR
RB3IODEEBDEERVEROBTLL D L b2, H1D3I2OHEEKIT., T
N FEHPHFIEIANT —DSHL 2D L) P EFENRINTEY ., g : NV
F—2x T 5 FOMEFHIIZIZHL v, HEHEDBEVIIETRERSE Y 2 VRIRICL AT AV
F-WENDENILLELDTH S, M8 L NIEM cOEZ KD & ) IZBABULL 72,

c=0.15(—%), & <5.2
c=017¢,—0.734, 52<F€ <6.43 (3)
c=042 ¢ — 2.34, 6.43 < &

RICESBOVERII, HAHOY 2 VHRICEIZBELALF-DKE L, OF
DS REEOESICEASNDL, SNIER1IDZ ORL2 L 3OOEEAHOEXR)ERD
BFPOBLEAZ LN TE D, ZOHE. 32OBEHE B ICEHL FHPHTIE#L &
ME =% boTnhd, EERNERIIENIEVIZY c VBRI ZHETRALF —
DENBTVALbDEHMTEL, Z=1140EAHOEEFR ) XL ML T, Hxt
rHEZRANVF — gl LT7Oy P LD REINT VS, ZOHREXR
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Shell effect in fixing e-n-sep=5.0

! 1 ! | ! Tt ! |

b -t -—
Q Q o
N - [=]

relative ratio

—
<
w

J L | 1 | 1 | 1

0 2 4 6 8 10
shell correction energy

X 9: Z=114 DAL HHEIC L7, BEHRO Y 2 VHIET A NVF —IIx§ 5 ko

DX HIZEBULT 5o

R= 104.zlog10{1+(6,h,,,—7.6)/7.6} @

®7 O&XR) EEOETAVF —HTOEMEET X —FIMEL Tw & il
AL B* = 12.5MeV OFFC—EICIRL TW A ERDZ LD TE D, £ £D, £ERY
FERAS E* = 15MeV HHET LISIEWATIZE E 5 DI | shell dumping factor Ep % 20MeV iZ
Yo TWAI L& B, exp(—E*/Ey) DfEIY E* = 15MeV T 047, 2 ), BLE50% D
Y VEHRIC X A D REREESEEL TWAZ EERL TV, 0T, E* =15MeV $TH
H¥ 2k, PESBEZONTHEEBRVERIAX RS, COE, DERRbHFINZ
T O R WEESD—DT, b L, Ep=125MeV & ¥ 5 & [24], 15.0/20.0 = E*/12.5
L0 E*=94MeV & 7% 5 T, SHEBEREN 50% BE T 5 DR EHET AV F —A79.4MeV iZ
RAETHHLZTNE R L%V, ZOBREICRRTOY 77D DN #5MeV L
CEATBET A LI, AUBEIALF —DOBEI, EXRVERIKE(EDb
T h, SO EEAFICENT, Ep = 20MeVIZ3HT 54 &%) EROBERILE XD
EITHRD 5,
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101.079—C(E'—12.5) (5)

oT. EERIVHERIIKRDI )R S,

Py, = min{1.0,R x 101079e(E"~125)} (6)

ZOEBALTIE. OIS, E* < 20MeV TA A BAMICZ > TWB I EIZEEL
THB<,

3—4. BEHRHHERRLZERER

SITIHERL TEMEERREEIRVERIEEROAEHEN (= 10DFET
Hotzo INLDETH B Py Poyr DLURFHRIAFIRANF —IZLoTRL2 5, K10
2 La+ La T, BiEEZRVF—AT30MeV D Z = 114. N = 184 DEABEE-o B ED
Pjor Por D URBEHERL 725 DTH B, TOHBETORHEBO &L, K (2). K(6) %
FAVy, ¢ = 10T sharp cut of L TRDT W 5,

T 10
7BR = p;:o(?é +1)Pror Psur Ppen (7)

Z T P it

1

P, en — Ecm <V 8
p 1+exp2w§—Ef§$-VB) ( B) ( )

Vpid Bass R 7 ¥ Y ¥ VDB ET B BELATOAFFL R NF — | hwld T T TiE 3.5MeV
BEHNTWE, kIFASTF Y ANVDEETH %, £=10TD Py Py, DFTEIEE 72
720U, opp D LT AFIIHIB SN TV AN, MI0ZBEIZL T, I I TOERIIE

B THTRE SN Z L 2RI BLLEN D 5,
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R (7)IREEKD Z &L N R AHED Z, & N,. RUEEORRTALF— (Zhid
Bass EBEIZ G A AFZANF — I L AR ANVF —PERAEINLOT, 225
DEEFELTANEND) 525N % L ARBEEMEEIFHETE IR L>Tw
2o SO, MIRURTICREN LT -5 &b LiCL7:, EEOMERIENDOIHET
Hro HoT, R(MNIBZ=114%2PLE LT, FBLBEIBRHRLOEEFRORKRE
EHFREOREDFHMTHEIL TVd, F/o, b dbeHADHEIBass BRI DS LD
AGFTRVF =T L THEX HN72 b DT, Bass BT O AG T A VF — 1Y B3t
BT HIC SRR O PERE BB L #N T A bR 2Tk o TV b, BEEDIER X T
WE - DOBGEIC X o TAOHMET v ¥ v VgD b —KOBER T ¥ ¥ v VIRICH
7T 5BRICKRAMDENE L, BE, HEEX LT A3F N 23N TS,

o
o
o

o ©
- -
(@) (8]
llll'llll‘lllll1

o
o
o

(21+1)0(T;=0.96, I troo) ( x 107)

I I N SN N Y T TN N O T Y BB |

o
o
o

K10: La+LaT. FIREZFANF —HT30MeV D Z = 114. N = 184 DA R E- 2B ED

Pfor Poyr O T, (from Aritomo’s Doctor Thesis [5])

3—5. £EFXVERICETIEER

R7IRL7-EEHOESTRY ERIT L = 2000 x 1072 OB A THHARX L <
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LERD, BREHMEBICR o HREREERILIIVDTH S, D, ZOHETO
BT AL ¥ —id | RBEICL TO5MeVREILZ>THED, pEFE SO ITHT 5012
107 ~10" 8 B2 LEE T 5 [25]0 2T, HFiZ 20MeV LT OREL A VF — T 7 D
EERVBERIAECRELVBE TV D,

10 BREITOEEXRYERLEEOMER I - F T100 FH0ERLFETE
KOOLINAEH, FNLD /J\éh\ﬁﬁi%’;bi%fﬁﬂ#ﬁaﬁo)}_ﬁn*@ﬁ HETH 2,

AERVERLEMT AL ) —20FHEL, H< oMo TV AT RIERE &7
D . [26]

Tn 8mrA?3a;(E — By)

T;  Ranl2yas(E - E) - 1]

X exp[2y/an(E — By) — 2y/as(E — Eyf) |

EFRWT, v3alb—2arvEfFIdbDTHob, ST Trg dBERNT X—%, a, R
a3 ENENERTEE  RUBRER L { COREHMOMEN TR /YT X — ¥ Tap~1.2a, D
BRICHDIENMOENT VS, B 3HRTOLEINT — | B ZREICKEL 5%
RERET . MURMEENLC X 5805 EFOM LIRS L A0 TH 5,

E; = EfDM + Vineu(T = 0)exp(—E/Ep)

B2 1 B L THZFRLERIIES T,

(T
In+Ty (Fn/Ff)-!-l

), CORFZHITFELETOCIEIZI N SHEOPETHREICH L THEERLHE
LK KE D,

BHESINEZHPHEFOEB T ANV —SMITIRFECL>THRED,
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f(E) ~ 61/2 e——c/T

THANT, BB I N BLLHEIANF -2 RDLEILIZLD, BEIALF A B,
FOVBUNEL BB FTOEREERVEELRDLIENTED, L L., BEEZRIVF —
D ZORETE LD REVE, BB L SROBEDOHFTHEEIKRNERL RO,
ULz 6 vy,

SEDOHETIE, BRI ANVFE —DBHD/NSC % DL (B* < B,) BFMIEL A VEF —iX

70~80%EEL THH ., GSITITLbN TV L —EDERDEETH XERRBROBMIEL &
WF =T TMeV LA ESH ST Eh0 | yRBIHOMBILROMEL LT, ERT L LICL 7,
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4. SHEER

R(7) TRENZWERT. ARBHICBNZRL DS ETORANRHEREELE
FROGHTHEAT S, k. RYOBERIMEEELDOBNARNIRINF T, 7D
HEBOREL XILF —2130MeV LA LDV W 3 hot fusion 1T 3512 T 78 76 7 B8 6% b )
NENBHGETEINERARIEANTEIASN, TOD, MEEEIDHENART
FIVF — DRI MU T MEN E R OREEDEBEZERL THLT 5,

ZZTiE, PbEUBi ZEMZEL 2 Z=10405 Z=112 £E TORFEE KT 5 GSI
DF —FEBFRTDBIDIIING A—FEBEEL. TONTA—FOHZAWT. Z=110
BERZ=1120RTEE2ERTI2RICELHEHE KEZTHIARNF Y RIVOFMEEZITI.

Bass DR T > ¥ v )V BEEEIZBAL Tid. FIEOBRICI D HEERKE[22) 2 HNT
Wa. |

Z,Zy* . A4S
Rz +27 AP )
R = 107(AY3+ A)®

iz, BMEOBRIT, LEOREBEORTH Y bL., o TEHRZREOEI EL
Thw = 10.0MeV Z B\ -, BEEBORITA v b9 %I Smolanczuk D3 [24] 128
JEEBERDHRHELRUEXSTH S,

Bint =

BRI REEOKRE ZIIRORNE ANE[27].

Z2
BEPM = (.7332—=10

AL/3
u = 0.368— 5057z, +893c%, — 8.71z%,
Tre = 1/[49.22(1 — 0.3803 12 — 20.489 I%)]
; _ N-z

A
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BEIHBELZRTIR. EERBOSGEIRINF—2LDAUN, BRATOH
EIFRINF—IIEHRL TW5S, (E-T. Z.O)B}'DM 12 0.5MeV2ED AT E{LZ MZ
THYEAIZ REYRFZ N TIZ W S HIEL 7=,

UFICRTRORAICONTERS, BERKONDZHL B2 OHFIE (hw; Bint
TORRIFINE— ; KIED Q-E) 2E%T 5. I >TWAHTHMORHLITIX
Ep & BfPM OEIRINTN D, HHORT, BRIIMAERE. AXTIBERS DGR
T EBEXRUERE, £27 5 ZAHET, /T OARED I Iab—b LREEROER
EEKTS, 2032l —arTiR2009 > TNV OENS BRELFIF—TOE
ZHROERERDTND,

4—1. GSIORBT—9DHER

B GSI TfTb/z 28Ph 4+ 50Ty, 208ph 4+ 54Cr, BN 208ph + BFe LD EBREFEMN
5 Ba DRRDNRS A—¥ & —HEET BT &L . ‘

(1) AFHF v RV THEEMAREEBint Z AN 5,

(2) MEEREEDIEZ hw =10MeV &7 %, (1513 Smolanczuk DFENIZHNHD
TH5)

(3) ERARIE Moller[28) DbDZE A5,
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Excitation Function 2*Pb+>Ti (10.0;21.5;169.2) Z=104,EdBt=20.0:2.29
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Excitation Function 2°*Pb+°®Fe (10.0;19.8;203.1)
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Excitation Function 2°Pb+7°Zn (10.0;10.6;242.1)  2=112,Ed,B=20.0;-0.53
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Excitation Function 2°®Pb+5®Fe (10.0;19.8;203.1)
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Excitation Function 2°Pb+%Ni (10.0:15.9;221.9)  Z=110,Ed,Bf=20.0;0.63
T rrrr1rrr> ) SN B R A B A B B | 100 OIOO'OOI ML
o 3 10"’ °
— 200 = °
R 1 ot
5 150 - ® ] £10° ..0°'a:."...... e  Formation
g - .9 1 _g 104 ..o' °° ©  Aritomo
o . [=] PSS SRR + f
(3 100 | - - & 108 . oo /T
» » ] . e @
8 o Y _—: 1 0 s o
O S0F .« = : 107 %
- o* LI - + +++3
0 I uPETE TR\ o RV I ST S B T W BT O B 10-8 IS NS S SN N N WU N
10 15 20 25 30 12 14 16 18 20 22
Excitation Energy Excitation Energy
¥ 21:

Excitation Function 2°Pb+7°Zn (10.0;10.6;242.1) Z=112,Ed,Bf=20.0; 0.47

T | ¥ l T . 1 1 1 1 T
Mrrrrrrrr o7t Tr |1 1717 rd . 0000000,
10 10" °°°
P -2 -]
g_ 8 _ 10 o
- - 2 -3 o
% 6 - ’. _ é 104 °°s i s Formation
i 3 | o 10 oedgee® o  Aritomo
(2)] 4 + o B e 5 *’*::;‘Q".... % + TN
a ® a 10 o® *s ER
o - . +*
6 2 = .. .. =3 10‘8 ++
- bl * 4 -7 Fes T2y
fs) 111|¢1I.|4n < PR T 10 T G S AN 10 I'llLl‘Illj‘:’
10 15 20 25 30 12 14 16 18 20 22
Excitation Energy Excitation Energy

X 22:



JAERI-Conf 2000-002

Excitation Function **Th+*°Ca (10.0;32.11155.8) Z=110,Ed,Bt=20.0; 1.12
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Excitation Function *®Ra+°°Ti (10.0;35.3;166.7)
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Excitation Function ***Hg+7°Zn (10.0;16.3;230.9)
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Excitation Function '® W+%Kr (10.0;12.2;260.1) Z=110,Ed,B=20.0; 0.63
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Excitation Function % U+*Ca (10.0;32.8;158.2)
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Excitation Function 2°*Po+%*Ni (10.0;12.9;230.8)
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Excitation Function '®*Pt+*2Se (10.0; 8.8;261.2) Z=112,Ed,Bf=20.0; 0.55
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Fusion of heavy deformed nuclei

MR HE. YR E—. BER BEA. JunLu, feREEE—RD
Hiroshi IKEZOE, Shin-ichi MITSUOKA, Katsuhisa NISHIO, Jun Lu and Ken-ichiro SATO

FEE Uit S —
Advanced Science Research Center, JAERI

Keywords: Deformed Nuclei, Fusion, Evaporation residues, Statistical Model

Abstract: Evaporation residues produced in the fusion reactions of ®*Ni on ***Sm and "*Ge on '*Nd were measured
near Coulomb barrier energy by using JAERI-RMS. It was found that the fusion probability depends on the orientation
of the deformed targets. When the projectiles collide at the tip of the deformed nuclei, the fusion probability is
considerably reduced to the amount of 1/100 —1/1000 of the predictions. On the other hand, when the projectiles collide
at the side of the deformed nuclei, the fusion occurs without any hindrance. This phenomenon was understood
qualitatively by comparing the distance between mass centers of two colliding nuclei at the touching configuration with
the position of the saddle point of the compound nucleus. When the distance is longer than the saddle position, the
fusion is hindered and an extra-extra push energy is needed to evolve into the formation of the compound nucleus.
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6 . Electronic Structure of Superheavy Elements
Susumu SAITO

Department of Physics, Tokyo Institute of Technology
2-12-1 Oh-okayama, Meguro-ku, Tokyo 152-8551, JAPAN

Abstract — The electronic structure of superheavy elements, from element 121 to 131,
studied using the relativistic density-functional theory with quantum electrodynamical
corrections (Berit interaction) by MacDonald and Vosko, is reported. These corrections
give rise to a modification to previous results, and the g electron is found to appear
from element 126. Since a recent study on molecular systems has clarified the surprising
accuracy of the density-functional approach in evaluating the relative energy difference
of ground and excited states, a further study of the electronic configuration of heavy
elements using the relativistic density-functional theory and the further improvement of
the theory are both awaited.

The density-functional theory, which was originally devised as the theory to be ap-
plied to describe ground-state properties of interacting many-electron systems [1,2], has
been applied to the excited states during last two decades and has proven to give highly
accurate relative energies of ground and excited states [3-8]. Its accuracy is now known
to be in the order of a couple of tenth of eV for molecular, multi-center systems [8],
being in the same order as the most eraborated quantum-chemical approach, i.e. the
multireference coupled cluster singles and doubles.

On the other hand, an extension of the density-functional theory to the relativistic
version was achieved twenty years ago [9] but its application has been rather limited
to, for example, the construction of pseudopotentials for heavy elements, because the
density-functional theory was widely used in the condensed-matter physics in which
highest-energy electrons to be treated nonrelativistically play a decisive role. Therefore,
the application of the relativistic density-functional theory to atomic and molecular
systems including heavy elements is now of high interest and importance.

In our recent work [10], we have applied the relativistic density-functional theory to
the study of the electronic configuration of so-called superheavy elements, from element
121 to 131. The exchange-correlation formula used is the parametrized form for the
quantum Monte Carlo result by Ceperley and Alder [11]. As for the distribution of
protons in each nuclei, we use the Fermi disribution function. Results are given in Table
I together with previous results by using the Dirac-Fock calculation [12] and those by
Slater’s X method [13]. It is interesting that, the first g electron appears in element
126 which is the element considered to be highly stable due to its shell closing nature
in both proton and neutorn states. Such g-electron elements are considered to have
interesting magnetic properties being different from d and f magnetic elements.
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Table I. Ground-state electronic configurations of superheavy elements; (a) our results
[10] obtained by using the relativistic density-functional theory with quantum electrody-
namical correction, (b) results by Dirac-Fock method [12], and (c) Slater’s Xa method
[13].

Element  (a) Our results [10] (b) Reference 12 (c) Reference 13

121 (118)8s* 8p (118)8s? 8p (118)8s* 8p

122 8p? 8p7d 8p7d

123 8p7d6 f 8p7d6 f 8p7d6 f
124 8p?6 f2 8p6 f3 8p6 f3

125 8p6 f* 8pGf35g 8p6f35¢
126 8p6fi5g 8p%6 2592 8p7d6 f254°
127 8?6 f354* 8p?6f254° 8p%6f25g°
128 8p26 f354° 8p2%6 259" 8p*6 2541
129 8p?6 f354* 8p26f259° 8p*6f259°
130 826 3545 8926 f254° 8p%6 f254°
131 8p26 f354° 8p26 2597 8p?6 259"

There are several differences between our results and previous results. From the
detailed study, the origin of these differences has been identified to be the effect of the
quantum electrodynamical corrections (Breit interaction) proposed by MacDonald and
Vosko [9] and included in our calculation. Otherwise the results by Slater’s Xor method
are rather similar to our results. Although Slater’s Xa method was often classifed as
the simplifed version of the Hartree-Fock method, its computational scheme is the same
as those of the standard density-functional calculations and therefore the method can
be regarded as one of the density-functional approaches in which electron correlation is
taken into account. The similarity of the Xa result on the electronic configuration of
element 111 and that by the coupled-cluster method has been also reported [14].

Recent exciting news on the production of superheavy elements have triggered re-
newed interests on them in the field of nulear physics and chemistry. Now the production
of superheavy elements with g electrons is awaited in the field of atomic physics and
chemistry, and condensed-matter physics.

The computation reported here was partly performed at the Supercomputer Center
of the Institute for Solid State Physics, University of Tokyo, and the Computer Center
of the Institute for Molecular Science, Okazaki National Institute.

REFERENCES
1. P. Hoehnberg and W. Kohn, Phys. Rev. 136, B864 (1964).

2. W. Kohn and L. J. Sham, Phys. Rev. 140, A1133 (1965).



JAERI-Conf 2000-002

3. M. J. Stott, and E. Zaremba, Phys. Rev. A 21, 12 (1980); A. Zangwill and P. Soven,
Phys. Rev. A 21, 1561 (1980).

4. W. Ekardt, Phys. Rev. B 29, 1558 (1984).
5. S. Saito, G. F. Bertsch, and D. Tomanek, Phys. Rev. B 43, 6804 (1991).

6. A. Rubio, J. A. Alonso, X. Blase, L. C. Balbas, and S. G. Louie, Phys. Rev. Lett.
77, 247 (1996).

7. K. Yabana and G. F. Bertsch, Phys. Rev. B 54, 4484 (1996).

8. M. E. Casida, C. Jamorski, K. C. Casida, and D. R. Salahub, J. Chem. Phys. 108,
4439 (1998).

9. A. H. MacDonald and S. H. Vosko, J. Phys. C 12, 2977 (1979).
10. K. Umemoto and S. Saito, J. Phys. Soc. Japan 65, 3175 (1996).

11. D. M. Ceperley and B. J. Alder, Phys. Rev. Lett. 45, 566 (1980); J. P. Perdew and
A. Zunger, Phys. Rev. B 23, 5048 (1981).

12. J. B. Mann and J. T. Waber, J. Chem. Phys. 53, 2391 (1970).
13. B. Fricke and G. Soff, At. Data Nucl. Data Tables 19, 83 (1977).

14. E. Eliav, U. Kaldor, P. Schwerdtfeger, B. A. Hess, and Y. Ishikawa, Phys. Rev.
Lett. 73, 3203 (1994).



TR

JP0O050567
JAERI-Conf  2000-002

7.870F /4 FRREEYVORTRE - Him
Rf TRDILFEHRBE~OERNT7 70— F

TR
FinERARtE 5 —
B70F /4 RRERCFRRITIN -7

Electronic structure of transactinide compounds - theory
Theoretical approach to the experimental chemistry of Rf

Masaru HIRATA
Reseach Group for Nuclear Chemistry of Heavy Elements
Advanced Science Research Center

Abstract:

We have applied the relativistic density functional
method to the chemistry of rutherfordium (Rf:
element 104). We used M(NG,),(H,0), [where M=Zr, Hf
and Rf] cluster to compare the electronic structure
between Rf nitrate and Zr, Hf nitrates. The number of
d electron decreasein the order of Rf >Zr >Hf and s
electron occupation decrease Rf > Hf > Zr.
Rf (NO,),(H,0), is found to be more stable than
Zr(NO,),(H,0), and Hf(NO,),(H,0),.

Keywords: Rf nitrate complex, relativistic density functional
method
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Chemistry of Heavy- and Trans-Actinide Elements
-Experiments-

IRMEABA
Kazuaki TSUKADA

i SHRBEBHRtEY—
Advanced Science Research Center, JAERI

Experimental results on the chemical properties of the transactinide element,
Rf (Z=104), on an atom-at-a-time base are reviewed.Status and future plans
for the study of chemical behavior of transactinide elements with the JAERI
tandem accelerator are reported.

Keywords: Transactinide Elements, Chemical Behavior of Rf
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Abstract:

A realistic determination of fission saddle-point shapes and their energies requires an exploration of
a suffisient large deformation space so that all a priori reasonable candidates for saddle-point shapes
are inclnded in the calculation. Until now, no calculation has explored, in a proper way, a deforma-
tion space that is sufficient to determine realistic fission saddle-point. Using three-quadrutic-surface
parametrization, we performed a five-demensional calculation for the grid of 1,020,000 deformation
points. To determine the saddle-points, we used the numerical methods which are free from any
approximation. We find that the fission fragemnts that result from the breakup of the nucleus in
some situation establish their identity already at the saddle-point.

Keywords: Fission, Deformation, Saddle-point
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Experiments on synthesis of Sg isotopes with relatively long half-lives in Dubna

IS
Y. Kobayashi

BLF 5
RIKEN (The Institute of Physical and Chemical Research)

Abstract

The studies of the decay properties and the formation cross-section of the super heavy isotopes,
276271110 or ***28*112 produced by “*Ca beam and **Th or **U targets respectively, were carried out
at FLNR (Flerov Laboratory of Nuclear Reactions) in JINR (Russia). In the investigation using
22T target, the experiments were performed with the internal beam of **Ca with high intensity and
the use of fast chemistry for extraction of the fractions containing Sg (Z = 106) element.  After fast
chemical separation, the off-line measurements of the possible correlation chains from o-decays of
268, 2695 and spontaneous fission fragments of ***Rf (Z = 104) were done in order to find the Sg
isotopes with relatively long half-lives. This paper shows the procedure of chemical separation of

Sg fraction from Th target and the preliminary results.
Keywords :  **Ca + »*Th reaction, fast chemistry, 2%-29Sg, 264 2Rf

1. Introduction

“Ca ¥—Lh& 2 BEOY—4 v b (PTh, 2U) ZRWT, 110 F& 112 BLROGHK
EB%ERw7F (OT7) @ Flerov FIZATT 97 4£ 11 A, 98 4 5 A. 98 & 10 AiZf778-
7. TNENOERN S, 4n-F /=13 3n—<channel T £KRT 3 7277110 H DWWl #2112 D
BERREERNTEZRDZ Z LM, 270027 MIROEHED—-DTH%, Th ¥—
Xy NERTIIBHEILEDIBEEZ L., TOXFT7 51 CRERTRN, —H U -5y bE
B2 T3, recoil separator VASSILISSA ZWTH > 51 > Tfriao 7z,

HEREE 1, 2] W& P2Th (*Ca, 4n) 7110 S e S #85g MBERT D °Sg 13
e BEBLCAREATICH L TH 2 BRI EOERIAZFE. £/2—4. P’Th (*¥Ca, 3n)

110 S g > 6990 THRT D 2Sg 13, Sg LD ISIKERVWERZGE T 5 & TR

IhTwa, LEMNST, BUNDRER bF#ELITRD> I & T, k¥ Sg Ffiikz
NEE. RIETAZENRETHDEEZ, ABTIE. PTh ¥ v FERIZBIITS Sg
B O RE(LE B DO EE & D BEE O off-line FIEIZDWTDRRZERT,
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22Th ( “Ca, 4n) #6110 22Th ( “Ca, 3n) 77110
2721 08 2731 08
28106] (half-life > 2 h) 2694 Oéﬁven longer than *106)
a ¥ a
%4104 265404
P P
S.F. S.F.

2. Experiments

EB 3. FLNR (Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia) TfT7&> /2. hot
fusion RINIZLD 110~112 BILEOERIZ. ELO THAREFETH2HHETERKT
FINIISw D BCa (BHE=~70 %) Z2E—ALELUTHALZ. ECR 1FENSD
BCa% % U400 ¥ 70 RO THEL (E=260 MeV. [=2 ppA). *’Th (8mg/cm’ ) ¥
—5y MR Lz, ZOF—4y MNEOfEIX. 110 JTTH#OD evaporation residue DFRFEL YD
% & <. transfer reaction DERPOFNELVIT/NE N, BHEE, ¥y FEBEMRLT.
R RS 2T TR B EITIEW, Sg 757> a > 2REL **Sg WD alk
45 & Sg DEEE 24 2CRf DHRENRO LRIV F— 2 ERBIOF 751 > TRAIL 2.

2-1. Chemical Separation

“Ca THRE L7z 2Th ¥—4 v b (30~40mg) % SM-HClIZIEMREL. "Mo + "W b L—
H—ZMA. REMRODLORT 702 - T4 NFIEDEDEBEWE, BEREZHRNE. HC &
HTHEHELZRA T EBIEICLD. 2M-HCl T Th 735232 (+Ra, Ac, Pa, U, Mn
11E) %, 02M-HCI TPb 75733, IM-HF TBi 7573 (+T|,Cd, In, Hg 12 &)
EPWH L%, TM-HNO, T Sg 7573 a> (+Mo, W) ZEM L. ZOBMIKEA
REGE X Q% 0.IM-HCl CHEML. BEAA L SREBICIDMBORMY O EE. HHE
L7z,

Z O 200 p) EHVFYES)—ICEEAN, Ta VA V- Z2HERRETHAL
7=, Ta TAY—I28 SkV OEMZMNT. Bz A7 L—RKIZH—ICEHSSE, BEE 02um
DREEEHERICHEZ 20mm BEOREIINELLSCEREL. INZRAEAE LI

RFLEDBETIE, Th ¥y FOBEBRBNS AT L —REETOREHERE T, 15~2
B EELE.

2-2. Measurement

REMEICESEINREZ Fig LIORTRIBERBICARN, okiT EIRO Rf OBREKSD
ZIDEMEHERE R U, MEREICITAER 28.5mm @ SSD A% 2mm R T L TRE
LTHD. BIOIES 4nd 90 %2 RIEL TH 2. BEhlid 3~10 QEEETITR 7.
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Figure 1: The schematic view of the chamber for off-line measurements of the sources with
fractions of 106 element. 1 - semiconductor detectors, 28.5 mm in diameter, distamce between
detectors 2 mm; 2 - supporting frame with source onto carbon foil (40 ug/cm? thick).

Energy MeV

Figure 2: An example of a spectra recordered during off line measurements in October 1998.
The beam dose collected — 4.5x10'7. Measuring time - 97 hours. a) Spectrum for the source
with 106 element fraction, measurement starts 2 hours after stop of irradiation; b) Spectrum for
104 element fraction, measurement starts 12 hours after stop of irradiation.

3. Results and Discussion

BONEEEO—HZ Fig 2 1TRT. 1| BIZDEMEHIH 8~9 BRITTaN, RERRI
~5X10 T, THEKEEDELITR> 2. BEIZBIT S “Ca DT FRIIVF %I 40 MeV
BT, iU 4n-F 7213 3n—channel DREBEEOIEND 2+ @EIN TN S,

97 £ 11 AOERTIE. 4205 -4y bR (RE: ~24X107) Lk, $XRTO
y—iy RSB, BRERTE 40 BEZBOREHIOWVWT, | BOERBEIRF Z28
L., Z2OIRILF—IE, 40 MeV & 70 MeV ThHorz, 2 EHOER (984 10 ) T
X, 5204y M EREULENBERTR 2, BEKTH 2 REERIZ 1 (82Mev
+ 54 MeV) %, E/- 126 BRI 1 1 (50 MeV + 7 MeV) OBRREESRFZERILZ, 3
EHOERBRIIY — LREOHBICHEN., BERY—Fy MBRAENE. 52057y
RERBHEL., 55220054y MIXDEECESBRIEZK 8 FRENT TITAWL,
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FEIIRBERETH S 30 BEBICHEBLE, £, 320945y TR Rf 750 ar
OHBHITFV., e FEEHREAROBEEZ L. IS5 TXRTORB TREAREKZRIZ
gaxninol.

PLE®D 3 EOERERETHE- 3 BO1 X MK 4n—channel THERT 5 6110 Doa-chain
leH 2 MRf BEROHDOTIRABVEEZTWVS, Smolanczuk [IZ &S, Rf DHREELSR
BN B EBYIIEB TH S DT, 3n—channel MSAERT S Sg £/2id **Rf OEHFER
HNEHEPEBLEERRLTNS, 3 BoMX IS RIGHEEEZFE TS L. BBX
Z3~5pb EREB SN

BBIAWME IO bBMA S N—-ZHUTIZET,

(JINR, Russia) YuTs. Oganessian, AV. Yeremin, V.I. Chepigin, M.G. Itkis, AP. Kobachenko, O.
Konstantinesky, M. Konstantinesky, O.N. Malyshev, A.G. Popeko, J. Rohac, R.N. Sagaidak, LV.
Shirokovsky, V.K. Utyonkov,

(RIKEN, Japan) K. Morita, N. Iwasa, A. Yoneda, Y. Kobayashi

(GSI1, Germany) S. Hofman, G. Miinzenberg

(Comenius Univ., Slovakia) M. Veselsky, S. Saro
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Chemistry of Endohedral Actinoids Metallofullerene

RARTEA

Keiusuke Sueki

SRR KR B ERF 2o R

Graduate School of Science, Tokyo Metropolitan University

Abstract
This paper proposed studies of metallofullerenes of encapsulated actinoids, for example Th, U, Np, Pu
and Am. The proposal tries to produce its using by dc-arc discharge method and to investigate HPLC

elution behavior.

Keywords: Endohedral actinoids metallofullerene, Dc-arc discharge method, HPLC elution behavior
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12. [RERIZHIT 2 ETERLFE-SEROETE
Research Plans of Heavy Element Nuclear Chemistry in JAERI

sk Bi—EB
Yuichiro Nagame
BARERFHHRF

Japan Atomic Energy Research Institute

®mE

Research in nuclear chemistry of heavy elements in JAERI is briefly introduced. Status
and future prospects for studies of chemical and nuclear properties of the transactinide
elements with the JAERI tandem accelerator are presented.

keywords: Transactinide elements, Atom-at-a-time-chemistry, Nuclear decay property, JAERI
tandem accelerator
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HTEBRNICEHMLRHELIFEACERBINZCE>TULARL. ISICEVTRIZHFA B
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13. BHHZI T 5 B R A FHE
Heavy Element Research Plan at RIKEN

T AR
Hisaaki KUDO

R RFHEE R
Department of Chemistry, Faculty of Science, Niigata University

[Abstract] Syntheses of new isotopes of heavy elements and study of chemical properties of trans-
actinides are intended at RIKEN near future. The scientific goal is (1) systematic understanding
of nuclear properties of heavy nuclei, such as deformation, beta-delayed fission and (2)clarifica-
tion of the chemical properties of trans-actinide elements which are expected to strongly deviate

from their light homologs because of the relativistic effect of orbital electrons.

Keywords: actinides, transactinides, GARIS, gas-jet, chemistry
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1) RO O IRfE

BErxRoB ALY FHFREBMEOPHETFBRRIICDZ > TER L. TORERMELZFE~D
ZEIEVEMOBMNERBRT AL RENE TS, T/ F=FRUOBT 7 F=FEKIZE
WTIE, 77 7 BREB L UESRBFENZRERATH Y. ZORBBREIFEFICHE ., &
LIEBEEIIB TR, TEBORXNY—LVESICEBEARDDIENTESE, 2EVH
HBOBEERXBAZENAETHL, LNLEFO—HTHOMECRALD Y. BOMHRILHE
D&, FEIOPNSIEIT AV AZA = ABIOA Y ZF V=0 ARAMEDO =LY L
NORIERIBI 2V, BERHDIEREZRWIZLTWD (1),

FREBOREFRNE LTERESEBMONTEY, BRRACBIT2EXEROBEILED
AR ETCEELREEZRZLTNDALOLEZZONTWADR, ERAICIIBREE TIIRRS
NTWBRNLEN D DBEESHOGIKLIIOTNTH Y ZOFMRMAIXSH IV 2RI TV
WV, BREESENDEIDORHELTQs > By WLETHIN, HROZLERBDL Qs X fREX
DEENDIZEREL LY, —F B R ZORERETIES Y, BT 7 F= FEIOERED/)
&7 By 5Fo TV AHOT, BREEASEPBHI LT, BRELB L PHTERT 7 F= KO
BT AL ICHETH LA, PHETFRIBEEZEL AR LEOREFELZALZLICEY., Th
FTHOLN TV RVEDBERESRPFICFALCBOTEELBAUINLIZ B TFRENDD
T, RFEMLHB RN TEDR LI b ETHEND,

i) RO AR E O

FTENEME VI BRIZEWT, BT 7 F = FxROFENMELRARDL Z LT ERICEET
ho, BOEFRICBOTE, ERW L EBFOMEBEIERASFEARNIZRY . BORFENLT
HENAIMET b EAYERE TOROFLENLANTL A2 N TFHREND, JHIIRF#
EFOTFAERESLDBRE Vs, pyjg DERFEBF DBV EFTOIOBEE IR E 7220 I RE R
L VEEERNNELRY, BEZINF-PHERTHII L E, AREFICLDERKRPKE VI,
fEFITPEEBRP RS RVEE RN F =BT H I LI > TEFHIHEORIZ L 5 &
EZHZEMTED,
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B7 7 F= FRRIT—BICIFL AL TESEMERATHY, BXIELRODTHPETH D, 1
LAY OBEA—EICRIABRIIFEFORILTEBETH D, RO L2nn, HEEM OB
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2 WROAE

HEF RIBF Tik. Y478 hr U ARHOEDIZY =7 v 7 OEEIZ, CSM(Charge State Mul-
tiplier) # B L. MHEEFHELTTI Z LI LTV B, CSMMEHED & — L R F—iTH K
6.24 MeV/u & FPESNTVD, ZOZFAX—IMEFEICIIFTHTHY, Vo I/Yqornll
FLTEBRBITZBDT, HETHBOTHD, TLE—LBELHRARAVPHFTELOT, 2

DE—LEAVWTEREITIZLET D,

2.1 EHOHELCLEDER

[FP - AR A O 35 L (2
VW B cold fusion AW FIEICL W AEREIT) 2 2B XD,
208ph(40A 1, 2n) 246 Fm O RSSHTTIREIIRD 25 nb TH Y [2]. 2°"Pb(**Ar, 3n)**Fm T34 6 nb[2].
F 7. 208PK (50T, 2n)256Rf O RISKIERIIA 5 nb LME SN TVBHZ L2 5 [3]. PhARENTH
LTEVBOASFHIF & R LB REORIC LY, 272 L RBERWTLY K& 24
MR A ST A 2 EMTE D, ZOBREOAKMEMOKRE IAbIUT, B GARIS ZAW
THHBETEAHHICH D, HENRFEHE L TRKROMEHREL LN D,
Am FFEAE
208Pb(27Al, 2n)233Am, 206Pb(27Al, 2n)231Am, 206Pb(”Al, 3n)230Am,
2O4Pb(27Al, 2n)229Am, 204Pb(27A1, 3n)228Am
Cm R
208Pb(3°Si, 2n)236Cm, 208Pb(305i7 3n)235Cm, 206Pb(3°Si, 2n)234Cm,
20613b(305i, 3n)233Cm, 206Pb(2881, 2n)**2Cm, 2OGPb(mSi, 3n)21Cm,
204Pb(288i, 2n)230Cm, 2°4Pb(288i, 3n)229Cm
Bk #AALA
208pp(31p, 2n)237Bk, 208py, (3ip, 3n)236Bk, 206pp(31p, 2n)235Bk,
206131)(311), 3n)234Bk, 204})1)(311), 2n)233Bk, 204Pb(31p’ 3n)232Bk,
Cf FrRALAF
206Pb(328, ‘2n)2360f, 206Pb(3‘281 3n)235Cf, 2°4Pb(32S, 2n)234Cf,
200p}, (32G, 3n)233Cf
Es R4
208Pb(35Cl, 31\)240ES, 206Pb(35Cl, ‘211)239ES, 206Pb(%Cl, -3n)238Es,
204Pb(35Cl, 2n)237Es, 204Pb(35Cl, 3n)236Es,
Fm #RfL{&
208pK(36Ar, 3n)241Fm, 206p}, (36 A, 2n)24ome 206p}, (36 AT, 3n)239Fm,
204pp36 A1, 2n)28Fm,  2°Pb(**Ar, 3n)**"Fm,
Md ¥ FRALE
208Pb(39K, 311)244Md, 206Pb(39K, 2n)243Md, 206Pb(39K, 31’1)242Md,
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204Pb(39K, 2I1)241Md, 2O4Pb(39K, 3n)240Md
No #rEfLfx
208ph(44Ca, 3n)2°No,  2%6Pb(*'Ca, 2n)**8No, 206ph(#4Ca, 3n)247No,
208ph(40Ca, 2n)246No,  208Pb(1°Ca, 3n)245No,  2Pb(*°Ca, 2n)?**No,
206ph(40Ca, 3n)243No,  204Pb(*°Ca, 2n)%2No,  204Pb(*°Ca, 3n)?*!No,
Lr HENLIA
209Bj(44Ca, 2n)%!Lr, 209Bi(*Ca, 30)*°Lr, 209Bi(**Ca, 2n)*Lr,
2098;(42Ca, 3n)28Lr, 2°9Bi(*°Ca, 20)**°Lr, 2°Bi(*°Ca, 3n)2*°Lr

[ 7R R D B RE O FINLIA S K]

it TR RN O FRL R D ARSI F BTG R B 2 b d ., HEVEOBEIFRINT
W, BUSROBIRBEE LY, FOHPT, MCf 4 136Xe —248-B6Es OARBIEMAELVD
D LT, FEORIGES XD &, FRMEO GRS LB oKL L CROBUEA
Zzbhd,

232Th + 136Xe —>239Pa

28y 4 136Xe —245Np

244Pu + 136Xe _>248—251Am

248Cm + 136Xe ~—~—)252_255Bk

B ORIETTE AHFEEOEEINT, B0 DA L TARIND DT, gas-jet TEEL
Pt ALEDBEERITVRIET S 2B R D,

2.2 BF7IVF-_FERFEDOLE

ShETICIOFE TR TO BHEOEMEPRIUC OV TIE, Ref[6] ICRHNTWS,

A F BB DOBIALFED X BRI OV TL, RFERHR L -t 2o TREL
TWADTI ZTHAEKT S,

IO TREHESICOVW TR~ S, BIETOR TV A FE 2BET, i3, nRKHORET
VAN —DOERAFBT IR 0~ VST T7IETHD, ZOHFETIE, BRICEH LWL
HOBERICST A ZEAL, BROLEEFRSEE, BRENEZNTIEALT7 L@ L
TH+OENE L VLFEOHEER<S, BOREREOBSSE LY —2 WD Z &iZLY, H
BT & DM AL E AT 5 2 L1225, Zvara B PLE LT, b7 v 7 RRHERIC
LA HARENETAIEORBICHIA SR TWA [T, ZOFETIE, B¥EHOEREICERTE
M. BREESHEOHIME L THEDO THEELEET L EBE LD L T VKT LI
WHLETH D,

—F . ERA ARy av b 7T 72T BRERR (retention time) DRIEEA T A TITH
FiENRH S, ORGA(On-Line Gas Chemistry Apparatus)[8] X HEVI(Heavy Element Volatility
Instrument)[9] & PRI B Z O FETIL, BRUSERDIT gas-jet Bt RIZ LV BRI AT T
ATEIEN, Wolt AREY—ATHEINS, BETTT oY VRLF2 HEBE L&, ]IEY
ZAEMAL, FERMACEMETET S, RIC, BENERERNT LERY, BOZT oY
frE s d-%, BIEMEBEE THEIENS, HEMETIE, EEEABHLWET TV AT AILLY,
BERITE 8 & 3610 o B H BN RAERY I EARIEFIC L > TRIESN D,

VPO FIECBWTS, EREEAME L TRV LR TWADIEDRRIEY D L 5 2
BLAHTHY ., TEOBRUNZ LW LIIME, BIRTORCELEELTDHOT, 2—/IF
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ARy ML AHBICHTHEENRLETH Y, BENE L EMIC2D Z & LEREICLHE
Nb, . ZRLOFETIE, ALFREOREN LI TR,

AT CIIE S BILAHOT CONEEITH Z L LT3 [5), TROBRREOBANLATK
L— hEAD & 5 B EBERILAHO T BITANICENTWHDT, ZhAEMNFRTLHZ &
THRENORIRME O LWV BEE L 70 5, 8ETERIT. TRICBES T34 —E 2 VOMEEZERICRER
TELOTHADT, BEXBEOCFHMWE TIHEREICHEKDOH 2R RE AT T Z &Ik
3, fEoT. “HhETIITOR TV AHBEEICL~T, L EERICEBT 7 F= FERObEN
WEOMANELNAZ LicD, £, HESBEEZAVWAZ LIZLY, IhE THEDK
BN TALFEBORENAEETH Y. ZNE TIIThR TV 2 FIEICHESTERICERLTH
HEEZOLND,

I OFETEEMNPERRE s o~ h ST T 4 — L OERLESITHRETH Y . FERAITIE 2
BRI & BRI DM b & AR MR ORENAIREL 22 2 ENEXOND,

EAHRERISOROBRIZOWTIE, EFRFEE D RBEET > TS (HI, azn) RISICL D
BREOSHROFEREY R TR DM, N=162 DEFRIFEOKEZFE LTRHAVD Z EITLZY, 2
B IERED TR BT, 28Cm 2t LT 152Gd) #Mx Tk &, RAEEOLFEREZHED
BEC S > THER LN DEREITY Z & &1 5, £HHIX GARIS DH%ED 5 D gas-jet #ik R T
Ry T R~EXEL, LFEDBEETHZ L LT D,

3 BENRELRBREE
o WAV xzy MGIEL AT b
HAY xy NFREV AT LOBEIZB L T TIERBREDH 5,
o SHLFIEEEE
HEHBKRFETHES,
o HESITIE
R DAL O Z B AHE B BEEE ORHBRE S RS RR IS ZEE T D, 0T

Z MEIZHOWTIE, FHBERFRI B2 —ICRETE (FR 11 EE) OHESREEE IOV
T MEEFANVTITHOIZ & 2T 5,

o R
GARIS TOEHERECEL TIX., BET TIERP MBS EARHRT VS Z
LETB,

TN FE S RE L TUVWRUVAS, Berkeley @ rotating wheel[9] & IO DEHZ XL TV D,

o Z O B2Th, 238y, 24Py, 28Cm D o HFABEPIEATEDH Yy FTRBLETHY, F
ST hT7—FKoRB, HAVxy MNEEVAT A, [ILFOBER, BESMEBSLER
T 579 10m x 10 m BEDOLINKIKBRLETH D,
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14. KUR-BRK MTExROMKILFE) A7 oP 7 b
BgBR E
FEAFE TIRERT - R AR 22 BT

KUR LBRADSHLE R D S LiIFD0H 2 TERORK)LENME) OFHEOBREZENT
2o RWFZEITEFOI & HE L CHED B I LIk D A5 KUR O FZRIAI 2 OFFREHE & B
FAREEICLD, LROMERICKRESRERDGBFHTE S,

¥—— | EE, B7Y7Fo R, AEEEE. L RTOLFE. KUR

1. BB - BR

i b (hc bl - BuHEE) 021 HRICHET TORERT—ID—2F. B)ETEROD
L2 TH 2. KK N —T T, ZOEOERITICLERBFEFEFEOBINFEFE L VDO
2 Atom at a time chemistry DL ERI BB AT & RUT7 7 F = K& RE, Db, Sg...
LD ERE CEEICEA LT, S5 KOREGEETHESHE)DRERRICHA S I
LEBIELEFRZED TN D,

HBOEIZ. FEBT7 7 F U ARETRADHED BIIO»BRVWIRETH 205, BV,
FRLZEME —LOK %S KEKJAERI PHLZMFER CatBiahTHE . COFHTORER
BHIHEINT VD, COLD>RHTT, TRADILFEZARNICHED D Z LD, TMNEOLFE (5
K - BEHMEE) OBBRBEELEZI TS,

LHLads, PVFoRTEDLTRATEOMEICIE. HEDZHD KB DM LL
BT, MBI OZOBLZOHKBEHYDERMEET D, IHIITIVFZFuHEORY
DSTRATEGFEMOEFICEI R, EHRBORECORIRL =D, 1HFOLEL
ZORHBOED RN BEILEHFZ2ET 2, Thil. Co7py = b&KE, £
AAMBEEOM - LY EOHEETHEDILENH LD, ZOPT. RAEFHFPER
i (KUR) OBRAEDRMIICNSOHMMEBR2ELICITALTHD. T 5T, FFKeHE
ZOSEAICE L. atom at a time chemisty BB DLFIRBED &S5 EEMAmMTE
BhREMRMHKLEEZL TS,

2. MEEHEIOBE

AEHWiIX, BP 2 F o RSB T 7 F = R RO FEERR, V—F N>l 2R
RIGHB L T2, ZDBAE BRI L= —825 1 FHFBENRERDZOH. WD D atom
at a time chemistry 25 Z 2122, 20k, 9, FRELECPEFREDL 1R FREE
DEA%. atom at a time chemistry D{LFEMEBED (b L —Y—BD 5 1 HFICB T HLFEY
Yol nBE0EN). EaoEEEEOMLE  MENHESLEL RS, KUR ERKGD
B ECRICHTH 2 DIC DV TITV., BEEICB L TRIFIH L O LRZECHED 5,

KUR %75 atom at a time chemistry DL FHEBENFE LT, PL—Y— (F+r )V ¥—7)
—) FIAIC L 2%BT R b, ISOL (&2 1R FLPORBEER (72 b, RARLEEER). &
UHESE R OIS 1) k240 74 VRBEZIERIT D KIZ (& LLEETLT)
R CcOET 7 F = R, Rf, Db, Sg... DERIZED,

BHRMW T E LT WTFOZ & &G LTV 2
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O (LEoMBEEOEXN - BHE, RHEEORR

o o B B E OB A (ex.SISAK), R ordtR  [KUR]

A RS HREOAE (GIS-FHM VerZztic LT)  [KUR&FRK]

cBEAZROT N7 40—, ZOM? OBRE  [BRK&KUR]
@ PL—Y—8RIICL2HBER

+ 52 MFEER (KUR or RCPN T b L —H— % 8158)

- MHERORK., SR
@ atom at a time chemistry D HFEEER

- ISOL FIAIC & 2R RI D 1 FF{b%¥ [KUR]

- RSB A AL D RMERBZDOT > 74 o F R b, HBEER  [KUR S 1 HS k]
@ 7rF-FREFLOER. REFERR. ... [at JAERI and RIKEN] D~QL ¥fT L THED 3,
3. B’

A7avzl M, FEEENLOBDOTH 3, KUR ERAKZHOICREABK DA E 2
h, S, GTROBKILEZED T3, LT, 70V =27 bOBEKEFGKLT S,
@ THEiEOKF) KUR EMIRSORE

HROBKIBE., EHENZMEISN—T7O6hEED . RUBKNHET —< O 2EHMN

EL. SEELUTO2H (MARMERLARMEE) 2FEL TN D,
10/19-20 : KUR 5t (1), 1/19-20 (F4&) : KUR Eif (2)

@ BFEA A UREEBORFEKE. BHBEROEH —> RAICTREGFE
B H BRI R ——> KUR CTHAZKEH

® KUR {3k aHEIDBK

KUR OFPkEHEIX. BRE. B AFRHOREBRBILEWT L TURGFHLED SN TN S, KK
L, MESSER B R R OBKR Y. FRICLZEAFAOEBER. RUOH LW 7R
ELTORENMBATH 5o AMEI N —T7 CIIBEHBIICEHRISIEICED b, MHEZDOHHF A
O—BE LT, WEHN TR TORNERE CGEEH RL BBREZ2E8L) &40 741k
FIREREORBEREL TS, /-, FIOMNMYEFEAREDO ALY SFHICEWVT,
SR ZHEDTND, TRICHEKRFSATO KUR FKEBEOBEHZRT, Xho$E 1 HimE
BRIC LRRORMEMZI D TFETH Do [FHRIFEE. 1 0FE BRHAENEZESREE (F
MR FIEERT) 25H]

50m

e ¢
L) ]

LR x !

_

W

NAT Yy B

‘\\z¥;lu X KUR ¥

(T AR I Ko 0D BB
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frs i s DR DR
—B7UF /4K - BERREZHNFORE-TOT S 4L
78218 (K)
R XxBW— ()
10:00-10:10 / RME3LE (RHF) —HWLED
tyvar i1 —-HHRR
10:10-11:10 / B. Fricke (Kassel Univ.) - Frontiers of the heaviest elements
tyws3a>2-Exk - EEEA (1)

11:10-12:00 / KE¥R (B@EX) —BRAUTELBERFZOTH
12:00-13:00 BRR

ER IHRAR 3BX)

13:00-13:50 / &5 18 (BE&H) - BeF COETE - EZAHK (RMS, RIE — AFHE)
13:50-14:40 / =H ¥ (GB&F) —PHFBRRE - LEBALEBEROEMK

ty>3a >3 -—EROBEHE (1)

14:40-15:30 / FHEE (XH4) —BROBRBEHECHELR
15:30-15:50 J1—t—-7L—%

ER HEE (RXF)
tywsar4-—BaEDOLE (1)

15:50-16:40 / ik T (BRI XK) —BEXEROEBEFIRE

16:40-17:20 / M B (FEHF) —8B7 2 F / 1 FaHRLEYOBFIKE—ER
RITEDLEEMERADOERN T 70— F

17:20-18:00 / 3RHMER (REF) —8B7 I F/ 1 FREDLFE-RR
RfTEDSHILFEPOCEFTORK & SEROEE

18:15 FIEE Y S TITE/NR RREAILD
18:30— ¥BES (R ME#HIST)
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7HA228 (X&)
B ERE (FEHF)
twlars5—Ex¥k- - EBAK (2)

9:00-10:00 / HHAEN (BH) — K7+ TOI14ETREAER

10:00-10:20 I—kt—-7L—%

tyar6-—EBOHERE (2)

10:20-11:00 / &4 B (Bff) —EZXOZKIRHYE

KER #ILBAE (BRAPRE)
11:00-11:30 / \MF¥EBE (BHf) — K7+ TOREDSGKIEIEFRRR
twlal T -EBxEDOLE (2)

11:30-12:00 / ®XAKZEN (LK) —72F /4 KRBT75-L>DZFE

12:00-13:30 BE&

tyvI3ar8—L2&iHR, SEROEHE

13:30-16:00 / xB#—83 (fREF) — /R
THAR FEX) —2H
®E B (KUR) —KUR-BrX
E3zET]
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199947H21, 22H

R BERRFHERERBBET R LT

No. K4 it} __E-mail
1 BuLEE MK aki@comp.metro~u.ac,jp
2 [BHHA R BT 9F /1 R BILEREIT N—T asai@tdmalph1_tokaijaeri.gojp
3 |t e A& T A ESRFARITN~T ikezoe@popsvr.tokaijaeri.go.ip
4 |HilE— R B7HF/IFEEBILERRTN—T sichi@popsvr.tokaijaeri.gojp
5 |#X RE PRERHE iwamoto@hadron01.tokaijaeri.gojp
6 |EAARH W RREwR T~ usuda@sglsun.tokaijaeri.gojp
7 [+HER XHE RPEEAR unom@tanashikek jp
8 |XmMad MK oura-yasuji@c.metro-u.acjp
9 |kEH VI KEE kazuya.o@comp.metre—u.acjp
10 | Ki#88 ig -y ohsawa@mvgbiglobe.ne jp
11 jABHX AmXHE masaota@konan—u.acjp
12| X8 B XdbX %IERR ohtsuki@lns.tohoku.ac jp
13 |hmiaXsk FRXRBERE SR daiya@curie.sc.niigata—u.acjp
14 | R#i— R RSB T—2 52— katakura@ndc.tokaijaeri.gojp
15 |[&FHt HRKRBARER tetsuya@curie.sc.niigata—u.ac jp
16 |#5K %% SRR hkiku@nihonkai.kanazawa-u.ac.jp
17 | THRAR PP ] hkudo@sc.niigata—u.ac.jp
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23R X X RFF shino@rrikyoto-u.ac,jp
24 [#rchigSr #RKE shinnaka@yu.incl.ne jp
25 |RAREST BIKKRE sueki~keisuke@c.metro—u.ac,jp
26 |88 4 XK tsekine@mail.cc.tohoku.ac,jp
27 [WE A sRKHE yuina@yu.incl.ne,jp
28 |IHRRLA [ N3] naruto@chem.sci.osaka-u.ac jp
29 | MExE— WX RFIF takamiya@HL.rrikyoto—u.ac,ip
30 |FAMIERD AT EMBRHAREZS— tanase@popsvr.tokaijaeri.go,ip
31 X ML KEE zhao~yuling@c.metro—u.ac jp
32 |{ZEF#083 R 87 97 /AT RBLeRRITN—T ktsuka@popsvr.tokaijaeri.go,ip
33 | INESE N ] toyosima@chem.sci.osaka~u.ac,jp
34 |k BR—a R H79F /1L TR LHRIT IL—T nagame@popsvr.tokaijaeri.gojp
35 |TA A R TR RSRHRIN—T nishio@tdmalph1.tokai jaeri.go.ip
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IHH ¥ KEK
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4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
B T Pass(N-s/m*)=10 P (£ 7 X)(g/(cm-s)) 13332210 | 1L35951x10 * | L31579x10 ¢ | 193368 %10 *
FRE  Im#/s=10"St(R k=7 Z)(cm?/s) 6.89476 310 *|7.03070 %10 * | 6.80460 %10 * 517149 I
] J=107 crg) kgf-m kW-h cal(ilhtik) Btu fL-1bf eV 1 cal= 4186051 (iFhtik)
,’{‘ _
;j[é i 0.101972 27777810 ().238889 947813 %10 1 (.737562 6.24150 < 10™ — 4.184] (F{bF)
| 9.80665 I 27240710 7| 234270 | 9.20487 <10 | 7.23301 6.12082 % 10" ~ 418550 (5C)
(-] 36x100 | 3.67098x10° I 859999107 | 3412103 | 2.65522x10° | 2.24694 X107 = 41868 (IMEEE% 4)
i . K
f.,tn 418605 0.426858 116279 %10 | 396759 <10 ¢ 3.08747 261272 < 10" (e 1 PSULIE )
‘{',»l“ 1055.06 107.586 293072210 7 252.042 1 T78.172 6.08515 <10 ST .
: = 75 kgf-m/s
1.35582 (L138255 376616 < 1) - (0.323890 128506 <10 | 8.46233 x10™ - T25.499W
LB0O218 <10 " | LG3377 %10 | 445050 x10 [ 3.82743 <10 | 1318537 =10 ~ | LI8I71 =10 " 1
/4 Bq Ci hui( Gy rad :;l;; C/kg R A Sv rem
o Jzmemae gl 100 # | 3876 Bl 100
L it it it
3.7%10" | 0.01 1 25810 I "I oom 1

(BGIEIZIT 2611 8L4:)
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