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;énﬁi%éé*.‘ér@ti '§l§sﬁént;5_u;i to %;lcz’ne'nt 1,18_(_3:1'!1 be gli/eh po:aitim‘q‘s‘in' tl'letpé'r'ig:d‘i.cb
Eai"lé z»“ i eonsequance of hawinp, determined the *)’()'Lrirtbf fillihg b'f‘ the Sfir”
e&gatmn ﬁh@;“ wihieh vccurs at element 103 and the (hermcal nrooutwv of 411
ﬁ:@fﬁﬁ u;l mc‘nm ¢an be eutinated to the extent that memberslnp of any

glement in a certain group or column In the periodic table fou.tulls its

z%wtﬂwa ;ru;m:tiu%. J,t ia expected that the actinide a-;r,-rie.s Wll). be completed

at eloment 103 and that elements 104, 10‘31 106 ete, will be urted in nndw }mfnlu‘n,t‘,:"_
Itantﬁhmt. ttmg:itén. ste, 'Ihe filling of thc 6d elactrou uhell Jhould be | :
. iuihm 2 h‘f the addition of ulc,mcntts to- the lp uhz.ll thh thtiluri“ ng
| 7 éf&‘l'&@{iifﬁ helng :xttulned nt elr:m"m 118 | ‘ | ‘

t?r" mg to thﬁ ahmt hall “V(.] e Lted f&): ‘thc cilé‘n'zentrs béyohd }.».uamé:;{.
w:, it is a,L:rnxbla th:u the present ¢riteria for the d vcovcry of o new clc‘rnent
L hﬁ«iiluﬁl iei@ntificatmn by traditional mr.thod:s and rmpm atu)n nom an
greviously known ele 'ne.nt;, will have fo bo c‘hanbed at umxw vmiut ‘,</al :_ful
in:‘sé;zigmmnq of xlecay :)t'uperticn aml 1'cact10'n yielde:and x'necham :-;x'nl;i;‘_'

tapether with the wue of thc recoil Lechuique cnmbmed in homo cane ’,; thh

%hﬁ f:h@mie:ai umnufhatlon of dnuy,htcr u,r;topea "dhould pr muda means fe;u
the aattafne tcz'y mentlﬁt‘ation of x..otopw with vezy qhort half Hvean)e,my
gmuertle; mn\; have to be measured at the - target drea, 01'1 rae C)il--produrt
xmflm, duvmg the'bmnbnrdment In umue rascq, lt; may be po:smbiz to

m*tke A gatiz f&ctor*{ tdentzhcatwn of a ncw eh.mcnt 1sotopc by u m "'!lht‘.ﬂC,.’i:,’? S
, and Ea ‘st umthudu mvolvtng th&. nu&‘,rat\on o[ ;,a c—.eous atom»’or:mn Voleﬂlity

!;;-e,,;pertin-:, 1‘enctiun‘ with .surfaceAx. or gna-ﬂow zem,t\onss

It L*‘ hkd/

- that the idtlntittcntion of the first \qotope:s of all thc ncw ‘element'

E::ﬂ dcscvvured in the future will ln ac comolmhed by uuf he znethod=1 : anc.‘tthe :
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:ﬁ%f@éééﬁﬁn of iw&cﬁea of thate new elements v;-i'th sufficiently lon; ha]f ives L
L7 ﬁ!lg‘& ehemlwl identiication by tmditmmxl methoda w111 fmllow latu lf |
s bs g}@z&&ibl& wt all, Rog rdlcw of the me thod nsad, evidence for tho
‘:si;%iiai‘#éfy.gf a new elanent should include 3 reasonable establishment of the

atoinie number and this requires yoore thian the OIJ-.::ez‘vution of_pret:licted demay

th;igiéz’ﬂﬁﬁﬁnd yrelda, ‘lhe eatablishment of a umqun grenetic Z‘letlf)u‘%hlp wuh
‘_Ea answn lower slameat, -'-such an ways done fo r elc-m(_nt loz, may be talsen
as the cagui ved agditional mfonnatmn. It may not, howwer‘ bc, por EublP to
‘wjﬁai‘g these requwmnentu whon the }areparatton and detectxon of elumrnw }
.fasuimité@nua!ly fa cther up thoe ’ato:mc numher acale iu unuel mvestxpatmn somé
}ssfnf from now, | o
fﬂmut aeévm{ dozren uxuto,)eﬂ in the tr(.n..mrcmmm xeglun ave hnovvn,v oncf
it how tm%n gaan:ble to determine ve ty Dy m‘xncly’ many‘ ok theu nu(.luu o
;nﬂgi:?s?m?z::. lhlu hao led to o wys umltxzamm of zadxom cwe dceay dd.tr.{ 40
heist ihﬁy decay praperties of undiscove red mxclideq er ;/encrally bc, ‘dU.CCf"h :fully
araadictad, ’Lhﬂ aredominant made uf lm cz,r of th«- £y anmmnlum Mtn nta u |
by al; )hiim;{n‘ll&;lu s s ion, - but de e.ay by the unontam\ons 11 :fcuonhpl f>f; m;
Becomes more aad more lmportant as the. elements’of'hlphcet’ 'a,t’omxc:,n'umi:{év_;f‘ =
aty npyroached, In facy, this latter mode oi decay be-g,xrm to proc.euu at’ a =
?éeté cé:nbﬁr&ble to decay by ulpha-part1cle enn gulon- fcn : Lmnc: uo{upe" hy
Hu:s tiivte &lemﬁn: LGt is v ached, Lata 101 'ﬂp()l.\tdﬂLU\ili lwswn h v di o bcun
.ss*whued in a manner which makex prodlcttous fm' Lmdxmuv er cd wo..ope‘u.‘i

isaygible, In huth the .xlr’)ha and the o )onmneoua fir.amn mone of. decay,g _t;he‘,_j;'

rs,ggnln rnw% have bcun found to be gredteat for nuclei whmh contam an cven

- mpnbﬁx‘ of neutron': ‘md an even mlmbc“ of proton« thus makmg gremctmng

af the ,n‘@pe?uc's for umli~scov md wetopen of thia type the mo»n uermm. -

Fav umtngsﬁ;@ with an.bdu'nun‘xbcx"of protmm oitan-ond rnumbez‘,,ot’neutz"cm‘s;- S
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1 nﬁ‘mﬁ@ anmber of huth protons and ucutrunu, th‘e rate of dm;ay by both al; ohia v:
Cderay i‘ﬁs'i »fiunt;nem:f; flssion is Jlmum than for the "'epular even t,we. 3 s‘ig'.
ZE! hww the garedwtm lmif llV-"‘” (lnuu.atn.d by a-broken lme) of tl)ekmg,r »t

liiib.‘r;. éfsgmg@ﬁ far slermnents up to ::zle::ﬁ:‘u:mt 110, Unlen:y WLE e tcti islandd m{".:‘
Ms»hiittg; dize to cloaed neatron or oroton vhalls au; meu, the pi x-drc twm

baaaed i the ;e:gul:\rltwn In the decay p:operttee sngng st th&t xt ahoulu not

be ;‘ hi o produce and de tect ‘uluxtxunal e.lemente. bey\mu dlt,()t}l?‘f lnlf rlo:f,m) o

St} fﬁ rowse huve i}i\ﬂ;ﬂt\ ne conmde vation to t}m rrwthou ! by whu h t}mw
-ﬂfiiiiii‘il?@i‘iﬁﬂ el et mn,;ht be puoau-rl “The ;)'mc-.e 4 o( muluple.wluw
' ﬁ@u* R aa pluve ana vasult of intenve ne ut; on irrmli»tion over a 1011g pcriod
af tiane fot‘kh lutle promntae for Lhc firat ayntheaw of tmufaferxmum elcrrwnt.,.“‘f""
Savae {}f éha necessury mterx*;')et:imte iesotcpqﬁ' hu’vf— alf lwm ton uhmt to bc« 5
";:s;:*f;s.sm't n uparecieble concentrations as i°e<ju?1‘éc1. v "l‘he ;jroduction"t).i',nev(r, :
kﬁh‘&ﬂfi\;i:!‘.’iﬂ'lu:‘.' i ml.ryn. s and pos sml\r cven ncw elcmentn in thexmo.xm.lcaz ]
syunlaaionag i an intc;- res;Ling, pozssibility. ' T‘hc modurt must ’ hmvevcr e _ .
.fﬁt:&)\‘;;?ﬁ# in bettor vw‘d than hes yet been goa,ublc B |

Synthesis by heavy-ion hombax dzzwnt» Lo thc mth feaubl T‘fiéiiliffl;?!%- ‘
praagally known for the o «.paz.zﬂon of vlc_mc,ntu of hlgh :‘{mmxc m mbu..v. I:otoyc,
ol é;\lﬁurnmm. einsteininm, and h*rmxﬁm hnvc. bu,n px c)uured by tlm hmnbard-
é?!{%i-ll (:rf uran’mm with unrbon, nitmgmi,‘ and _.o:a\rgm{ mnh, zm,m, ctivcly, rmci g
fmment 192 wau dis FCOve rred as 4 pu)duu cf the. humm.xdmcnt of c;m'm*n a Lth

carbon Lons, These he'\vy ions can be.awalm(sted m cyclutmxm of thrv f

e:'.:nw{mtmnnl ty xa. but ‘.uomfmally demgucd ::yr lotrena dnﬂ lm a,c elcnu

wht h wlll bo devoted to thc auuclcration 05 heavy Lorw w r&mu aufua,l;.n
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B lwhmatuzwx throughout thc vorld, An example is the new heavy ion lme’\‘
e ram (ii‘lag) at the Univeronity of California in Borkelvy m the b o.‘) ‘} .
| Ehﬁ !t*‘*ﬁv; ton ¢ yclc:wsm at the Atomic L ncvgy Insutute in Moscow g <s<>on to |
Lig atig'ﬁéiiunt&d with A naw, uuporzox .xml moee vrarmuLe one dcwzgnea to
pr@aiui:ﬁ 13?5*@ beams of heavy ions, tncluding lons as he"wy as thoc»e of
RE g 2iusst and vlumhmm, thin should greatly extend thc’ range of caym,nmontali
m'ii trnl can be done in this ldbomtory
The lack r}l ta rggot BT tnzmld of high atomlic n\unbcl is a most acrious
ableimn, Ve have a program in progreos in the Umteﬂ .‘?:tatms fm the |
,jfﬁzim uun of milligram ammmtf of bu;kelmm and. r:a.hfmmum and. im&:uf
gram amounts of i.-hntelni\ . Acc ordm{t to me»mnt ptan.s, cxbout ona JI‘\i}.l"lg'vi’f’f({'l}“‘i e
of f’i‘%f ’h mlc. we abmhwc. in about 1968, In m"dhr to prep are ‘rhf Y eloment“v |
é}{a z‘ni‘;m ruasonably Luue .:c.ale! new, expc:naiw.highéfltzx 1jeactoz» »{31.‘o<jiuc1nrgr-.£ HRE N
l i to lﬁl neutrons poy squave centumeter per Wéicond ave néeéiéd. PR
In conc clusion, it appears that the addxtmn of new txanf;ur'mmm c»ler?xcnts :

o tlu‘: per iudm t'hblca can be C‘{p@pt?(l mul that tlwn '-.Lucl\, WIH aud mmh to b’f

e kaawledys m’ m.ouuv and nuclear ,H'm,ture.




¢

1o,

UL U0206.4

Keferonces
Hubba, K. Mareas, and J, Winocuy, Phys. lev, (to be published,”

sho.n ason and b, B, C;,mmm;;hz\m, MRt zviarrm,r'oum Observations
af an : &...':::';mal #ropertios of Berkelium and. (aahfornium, "o ;up;;;‘iemazit"io
saney 3/6?9 pee wcntem at the Secund intl tmf ‘c”mceﬁxl Unen Atomic L

inwgs. Ganeva, W:)B

3

Ay Ghteraso et ul,, “hys, ltav, )9, h“fakﬂ (l%'))

&, f’lih‘itwau, B, G, }-"{»u‘r‘vc'y. Gt Am s,ain. a.,L ’l}m.nvw w)‘m' 51@

Go FL Beaborg, Phys, Kev, ne, 1::1;‘5'(.9.})).7 |

LI '?ihil“;ﬁi,’l‘&. datti, A, C.Hc.fmce’, I Mugu, and &, (r;. Ihr,tn-‘pﬁnn,v

“iiscovery of a New Mendelevaum fvotope, ! UC..RL 84b8 {1 L)'»B)

£ fe, Frelds, &, M. Vriedman, J, Malstc'c,, H Pttw lmu,,r_.

4}.. i‘» Holm, and B, Antrtin, ’hyd. Rev.,w? 1460 (19 7).

A ilihiﬁu‘d@, T, f‘-ik&eland, J. koW alton, &nd (r. f!.‘ ‘wezzbmg,e,f

iiui?. Letters 1, 17 (1‘3:—38). ‘ ' |

G, N, Hmav. "Nuclem ixcsez :mnh lmttatecl by iiuwy £un,,

/2297 and ,rug )lement ":;ume \rr.altwmll fﬂiw rlmantu m“' thv“p vusduvhrun"_;- :

of: Hement 102" pveuentec‘x nt ho,.,@,s ond lnth» F’ea: efu"’

Atomic Lno:gy, Cveu(.va, 1’)56 | - ‘ | e
Ghiorﬁo. fT mkcland, J R Walton, nnd %.;,v}fi'.‘ G

Rev, Lettere. 1 14 (1*3.:8) | | |

C‘:E.-"T. :eaborg. "'Lh(* Tmnau:anhuﬁ Llemeni )

Unive I'SNY Pirens (lf}fvS) -




Qv 1 40 20 4 6
%‘3,;, L *‘m 1odic table of the Llcmenh ahowmg the heavy Ll("m(.ﬂto as
" . ﬂi@iﬁb’?f’; gf an &ﬁtlnidt pories,

M-




1 95.95 ) 101.i 10220 166.4 [107.88C1 112,41 114.82 | 118.7C | i2i76 -
4 [ 15 | 16 [ 11 | 18 |.19 | 8 | 8 | 82 | 83

| W.|Re | Os'| Ir | Pt | Au | Hg| T1 | Pb | Bi ,
] 18386 | 186.22 | '190.2: |»452.2 19500 | 1670 | 2006! | 20439 | 207.21 | 20852 ]
(106) | (107) | (108) | R - ‘ ‘

He
5 17 6 1 7 1 8 1 8 | 10 .
« : B C N (o) F Ne
- woee | s2on Vicoosis00c] 200 | 2oes
13 4 15 16 n 1
Al Si P S Cl A
26.98 | 28.09 | 30.575 | 32056 { 35.457 | 35.54¢
24 -} 2% 26 (-27 [-28 |29 30 KT Y 33 k] 35 36
Cr | Mn | Fe | Co Ni Cul| Z2n | Ga Ge As | Se Br | Kr
5201 | 5494 | 55.85 | 32894 | 3871 | 6335 (6338 {6972 | 7260} 749! | 7895 | 79.5i6 | 82 8¢
2 | 43 44 45 46 47 | 48 49 50 51 52 53 54
Mo | Tc | Ru | Rh | Pd | Ag | Cd | In Sn | Sb Te I Xe
i27.6! | 12681 | 13130
84
Po

‘amhanid’:e}"" 57 [ 58 | 59 | 60 ] 6 | 82 | 63 | & |65 | 6 | 67 | 8 | & | W] 7
2miaanidel La [ Ce | Pr [ Nd | Pm | Sm | Eu| Gd | Tb | Dy | Ho | Er | Tin | Yb | Lu
©138.92 -] 140.i3 1?0:92 |442? e ‘l50,>35 2‘:?2.0 ‘157.2‘6 15823 | 162.5! 164.94 187.27 VI58.94‘ 373“04‘ 17499

T® W o [ R [ 8 [ %[ % % | 9 ] 8 ] 9 00| e | 0]

nide | A Th | Pa| U | Np| Pu|Am |Cm | Bk | Ci | E | Fm | My
: 227’:04,‘232.(“)5 ‘23(.05' 238404 237.06 IR - : B - )




VU I UU20644g

240 242 244 24}6 248 250 252 254
8 MASS NUMBER A
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bata decays.
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Fig. 9. Schematic drawing showing the experimental arrangement tsedin |

the dincovery of element 102,
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Fig. 10, Xlution data obtained in the dwcovexy expcnmvnts of element TOA

showling the sz 0 duughter of~102-")4 The Tm, Y, FZbS Ca leZSZ R

actlvitie.«x were added as txagers for <,111brahon purpo ' Dowev-SO
iun-em-han_ge rgsin was '\lb_Cd and the eluani wad ammomum atha- .

hydroxyisobutyrate.
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