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M--es and 11-ay Properties of Nuclel Far from Stabll!ty’

P M61br and JR. Nlx
Thoomtkal Divbi.on, k Ahm.cu Nfiiond Lskr&ory, La A.hma, NM 07E45

W, D. Mym ud W. J. %im.ahi
Nucltu Science Division, Lswmnco Bmkclw LA~atory, Berkeley, CA 94720

h 1981 ● m-acopic-micr-epic cdcubtion 0428 fi.soion barrk -d 402S nucbu m-a th.rouchout
tho parbd.ic cyd~m wu puformad with s foldod-Yuhw~ ting!o-puti.clc potontisl -d ~ Finit+Rsngo
mkr=oplc modol~l,2]. A dot~d udyan of th~ rmulb ~howd thd tho mod.] dascnbd wdl nnchr
mucu fU from stmbility[l] M wall u ~thu nucbu propartia, for axampb the onut md m~itude of

Lucbar doformstion [s].
The ~bou~ mochl hu rticntly b+cn a.pplkl to s ctudy of the ●tsbility d ~lam.nti in the h~wy ud

supuhewy mgionc[4,6]. Wt shw t-o raulto from thti cdcultibn, In t3g. I ~ sh~ culculstd neutron
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chuIgeo for tho prdickd proportia of tho demon~ in the mpuh~avy mgiorr. In lmrtknlu WO now
pmdkt ~~~X ~d ~JX to be the rrmt st~k •km~n~ ~ th~ ros:o% both with ~ h~f-’J~ ~ 2W d~Y@.

Anothe” integrating feskra Ln fig, 2 h the small local minimum uound Z=11O mnd N=ltu. Thh
minimum ecrm~pondo to deformed shapu and to M N=162 gsp iu the dmfonn.d tcatron dnsio-putkio
kvtl spectrum. Tho hdf-iife of ~~~X b prodlc~d to bo 40 millbconds. In Malogy mth tbo chuadar-
is~tion Of tha region around fl:x M ths cuperhewy i.hd the +on lwo~nd HW h- b~n b* PtiJ@d
the “rod” . It hu ban mrggeutad thmt the rock h~ been thruwrr OU1 by God from tho ouperhesw

bland fcr mu t~ step on, in hi. quett to rcuh that bigger but mme diet-t bland of st~bility.
One may uk Asut therehbiiity of the hdf.1.ifa pmdictiono mode abwve. Thio UJ prbnuiiy a quection

about the rdiability of tho mast model itoelf. With th. rnMSrIM

(1)

for the uror of the mu forrnult one obtai.ned[l] u= O.835 MeV {or tho 1323 m-s in the krr-n region
to which the model pwunotaro were djuzted. Later, H~u.otei.n[Q] hu otudid the tbiJity ofvsrmns m-

modtb to predict DIMMS in regions to which Itc parunoti war. nclt cdjtr~tod. For tht Ah. rnodeb
he obtdntd 0=0.97 MeV, for a sat of 213 new mouos, mgguting ~ divugonce in the rwuk~ fw from
mtsbfity, Howevu, one may ok. that in thio mt tbe olomant ~~N ● hU o.n exparimontd ●H- of 9.5
MoV, and its mcuurod muo diflus from our production by 7 MoV, lf thIo slnglo mncl.u.o io ramowd
from the d of 21S mwes ● o of 0.625 MeV u oh.ined for tha rmtiing cstof 212 muoes. To avoid
cuch arbntrui.nuc in the d~tmrintiion of u, cmo may procoed u foi.ko. W. bkrodrIcG

If all tho M{ u. Lndopondont ●nd A4~alCm d ~~ or. GmMAn wlI,h tha -u-no meur value, co that th~

mau of ~da - titip b mm, ud with standud dovl.ationo U,b and U& then ~ u distrikl? ~cord!ng
to the X2 distribution with n dogmoo of frwdom. W. shdi uoumo ~hmt th~ shove m~umpk,on~ hold. It
then follows that the mou and the voriuca of f are given by

m - E(,ya(n)l - n and Uz = Da(x’(n)) =92?1 . (4)

Huo w. havo fm the number ef dogma of freedom fm tho ~y d!.ot:dbutio~ thst n = N - p where p b
the numbar of Linou dopondoncion lntrod~lcd through djustmont of tho modai coornclorntn to tho dstm
point. M:~v occuring k Eq. (2). Thorn k fine nnknown puamoter (r~b in our apra.oionl. One Wenwal
method for dotmlnlnlng u unknown puunotor of ● diotributlon function b the morimurn - likelihood

method. Horm W, prr .-d ollghtly dlFercntly. Tho -tiorsg~ of ~;~’ L 1 ud wc dot{rmino cr,h by
a.osumi.ng w- havo oborvod thu •ver~go value ud mivo

(5)

Tho pr~ioo procoduro k to minirnbo Eq. (2) with m inithi guoso for u,,(n) to find lnitid vdu~ d tho
mod. ] po.runotoro, then to hocp tbo mod~l puurretor~ 13xed md find J,b(’) fIo In ~.(5) urd perform

this Itwstkn untU conv~rgmc~ Only two itor~tiono uc roqui.md if tho lnitid ~u~m d Pth b ;ormct to
vithin 30%. For cornporbon w. d.ro de6n* two other qnwicltl~, nmo~

(0)
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(7)

Here conu ctmds fm conventkmd, wt for weighted mud w h ivcn by Eq. (3). W, also dotennine emx
htits by Aeer+.ng that the skndud deviation of ~X2 b 2 n. Thus by MJving Ehq.(S) for 1 + @

in the bft rn~mber, we determine emor li.n-dts for Uth.

For the model di.scuuad here[l,2] with its ongind set of coutmtc we find from dvi.ng Eq. (s) with
p=6 that utboE~.8325~~:~~~~ MeV, ●d by enluati.ng Eqo. (6,7) that u~t=O.8346 Mev md utO~.=0.&348
MeV. We now study the tbility of the model to predict new mm= by considering the new rnusea in

the Wspstra and Audi 198S m- ●tiuation[lO~. Precisely, we do the folJowLng. Only m-o with Z
ud N equal to or greatar thm 8 are considered. The new mwes - the mwes in ref. [10] thtt ue
not in r. f.[11]. The lstter u the data set considered by ref9. !l,2]. Th v-e ue 219 such new muecs. In
addition there me two muses in the 1977 evalu~tion with M arror lsrgar than 1 M( V, whi.h ware
excluded in Lhe 1981 adjustment. These two mueee Me in the 1983 evalut.tion, still with u ermx larger
thm 1 MeV, like one aclditiona.1 m-, namely ~fNa. Thase cause no difficulty when u~h u cslcu.lated
by oolving Eq.(5), snd Ua included in our new set of masoa giving s total of 221 massa, ● slightly
ditTerent eet from the one considered by Haustei.n[9]. With the original oet of constsnts and with P=O

h thb CM9, we find from IGv.(W3,7) thd u,b=08CK@~:~t~ Me’”Y, u-t-O.8272 MoV wd u.... M1.M
MeV.

These ramlti chcm the i.nulequxy of uli.ng ??4.(6) u s ]neanuro of tho uror in masa fornmlaa. b

addition we obmrva tb~t uth is the sune in the region whare the puuneke wem detarrnimd md in
the new region, withi.u th~ error limits. ~nr interpretation b that tho emom ue rudom. We cannot

tmlculate maww mtit!y, eo some terms or rome other fetiu.m m mied.ng from the model, but the
effect of theb sbwuce is rmdom on the errors in the predictioct of the model. In puticulu the tarrm
that ua pramnt in the model have not bmn forced to mproduco the eflect of tho rn.bing tarme by m
tpurious choice of duet for the sdjussble puarnetem. Howavar, thie b obviouoly the cue fm some of
the multipuuneter models u u shown in the survey by Haustei.n[9], sti.ce for those mocleb tho errore
U* much lug.r for ncw m-as outmidt the region to which tho model pvunetore wore djustd thmn
for the region of djuslment.

W. u. cmently iav~tigati.ng tho pcuibilititi for improving furthu both tho m~rxcopic UII
mlcrouopic puts of th~ modele. In tho cul.ier cmlculation[l,2] levob wwrc determined only ftx mingle
puticle wolb cometpondi.ng to s ~t of 15 nuclei on the lLne of L9otsbilAty, Tho micr~opic comec~ioM
woro then cdcul.ated by 6U.ing up bveh to the sppropritto N ud Z values ud by uting u interpoktion
procedure. In 6g. S w? abow the recult of cdculmtkg tbe micmxcopic comwtion for single-p~ticle walls
approprlato to ●acli individual nucleus. This mean- that ● diagonabation bu to bt don. fm ●xh
nucbui. In eddition w. havo in fig, 3 adjusted to th~ 1983[1C] mus t~bla ~d chmcd tbo mforxnco
point fur tb~ odd-putick comction~ from odd-wan to ●von+vm nucki. W. MOthat t}k bu i.ncro~d
~,b to 0.882 hfo V, Howevor, compud to tho cuUor[l,2] reculto tbo orrwm ue more bnncbod togotbu
and won more comlited to tho pmltlonm of tbo mmgic numbem Ln th~ wIIea that Lno emcm UO lugeet
coming ir ●nd going out of m~glc nuclei, thst h tb~ ●rrore - Iargtct fo) ~oft, tru-i~iond n~~clci. This
sugg~ts ~hd mme new faature b roquirod Ln the model to ducribe thie cl,us of nuclei ~tter.

Th~ Imzt figure, 6g, ~, nhmt raulto ubtm.ined with tbo ‘denticd mlcrm :oplc cormctionl u umd In
fig 3, but with tbo Finite-Ranae Dropbt modal (FR17M) for tbe muxmcmpic ~ncrgy. Tbe FRDM b
dbcucoed in ref,l12]. In the FRDM the folding model for th~ surfxa ●nergy bu b-n incorpor~tad into
tha Droplet modal. In ddition the cdcul.ation of the Coulomb ●nergy h~ been i.mprwvedl and a naw
taI m aff~ctlng tha compr~uibility of light nuclei b M b-en ddod. Tha Qn or k now uih=0.784 MQV,

consider~bly bettw tbur for the FinlL+Ruc* (Yuhw-plus-a~ponont Id) modal used in tl~, S.
W. are d pmant uMOIln~ tktsigni9cmce these now faaturuo we hava diocuaeecl b~rs hme for mom

mllable plodictions by mnse formulae of masses out to tbr proton and neu ,ron drip I.insc md muuc i.n
tb~ superhssvy regio~.
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