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ABSTRACT: The nUc!l" ;n the nuclear table are considered as a realization

of '"'1"1 ensemble of lIamillOnians, and the distribution of spacings
.•• between the Ji;round and first excited State is analyzed. W'e
01
show that, once nuclei witb a systematic sOl behaviour are
eliminated, .">01' measured in units of its average, follows a
Poisson distribution.

l. INTRODUCTION

Statistical properties of nuclear spectra have always been studied
considering foc a given nucleus a stretch of highly excited enecgy levelsl. 2.

The properties analyzed can be divided ¡nto two broad classes: local and
global properties. The global properties, a typical example of which is the
level densiey P. var)' with me ('xciration energy E; 00 the omer hand. [he
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local rrort."ni{.~. for {'xample (he spacin,'!: d;'.(rihurion ..•. corr(.'spond 10 (he

flucru.uions in [h<.' spec[rum and if nec{"ssary ;,H<-"corrl'ctl'd foc the enl'r~y
variatlon

FluetU<HillllS han' bct"n analyzed usin~ randolll m,urix rhl'ory. in
which <lO l'n~.Tmhle of random Hamilwnian ...• is introdu(:ed. a •• a marht'matical
dt"vil'l', to COmpUH" óll1l0fl,g oth<"f (hing~ th<.' k-lh tH..•jp,l'I."lUr spacing disuioorions
fdk; s). [llar ¡s. thl' probability of finding (W() Ien ..l" ¡U a distancl:' s wirh k
1<.-\"e1...•in hetween. The predictions of random-matrix dH'ory are w(;'11 con-

firnl(:d experimentally]. In particular. levl ..1 ',;l'qu('(l("e:-o charactl'riz(:d by the

same \""lucs of the on1)' ,good quantum numb('r:"O ([Oral spin J and parity 17)

sho", in regions uf eunsranr dcnsity a nt'art'sr.neighbour ',;pacin~ disrriburiun
P(O;s) which is c10sely approximarcd by \\"ignt'r's surmisl'-4

PU,(O; s) = (71/211) (s/U) exp [. (71/4) (5/1))'] (1)

wherl' s = 1:'. + - 1:'. and f) is rhe mean
'1 ,

dellsity,O oy f) = p.:. Furtht'rmore, if

ilnd ~l are m ixt.'d lO,g("chers, rhe neart"sr
aceordin,g (O ,1 Poi ...•son di s[ribucion

PI' (O; s) = If I "'p( - 5/11) , \

spacin.R' relaeed [O (he local le\'c1

le\'el sequenl"('S of many \'alues of J
nei,ghbour spacin.'{s are disrribu(cd

(2)

whieh eorrespollds lO a (:omplctely random sequenet' of k\'l'is.
:\s \lo"(: melltiOlll,d aoo\'e, [he ensemblt- usually plays (he rol{" of a

madll'm,uic.d dt'\'ice, us(,d lO compurt' f1uctuarions of rhe "'pectrum of a,gin'n
nucIt'lls. For t'xampl(', in order lO calculate rh(, Il('are •..r-nei,ghtxlur spacin,g

distrihution, a siugle spacing is raken fur eaeh spt'l"trllm ;llld irs disrriburion
thruu,ghour th(' ell".;cmblt' is eompured2: [h(, a ...•sumpeillll i.,> rhen molde mar me

srati .•..tieal propcrti(:s of me ensemhle coint'id<: with thosl' of "almost all"
speeHa (er.R0die pruperty)b,7. In this paper we shall study a "realizarion"

of a samplt, from tlH.' cns('mble, by considcrin,c all the lluelt:i in tht, nuclear

rabie, \\.'(' shall rhu .•..rake a siugle spaein,c fur ('aeh nlH.'leus and compute its
disrribution throughout rhe nuclear tabll', In o[her \\ords, lIu: expt'rimt:nral
compari •..on "ill follo\\" srcl' by s(ep what is dOlle i.l [he theor('[ieai calcu.
larion alld [he er~odie prl)perty Ís nor n{"{"dl'd.

~pt'Cifically. \\"(' shall discu .•..s the distribution of the enl'rgy difft..'r.
('nee SOl b('["een [he fin.t excircd and me ground .'>tate uf all nucll'i in [he
nuclear r.lhle. wirhou[ eaking into accoun( (ht,ir (" valu('~. This is [O he
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Fi~. 1. nja~ram oí [he firsr.excited state eneqo! .... for all nudei wirho,
8 .<A -< 200. ~O(ic(' [he errarie behaviour. except for nuclei in
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contras(,d wi(h (h{. usual applica(ion,'" of :-o(mi'.;(il-s in nucl{'ar physic:-o.whl'Tt:
onlr (he highly exci(,d rt.'gion of th{' sp('nrllm i.•.•analyzed,

In our prublem. tht, {'qui\'ai('O( of ?,Iooal prop('ni('s would 0(' (hos('
which sho\\' a srst{'maüc y:.uia(ion with (he mass number A, This will b(.
studied in $<.'ction 11 for (ht: en {"fP \' dis(óUH:{' s . In ord('r to stud\' local~. 01 .
propl'rti{'s, ¡.c. fluctuations with r{.•.•'H.(.C w titis mean valul', (h(' systematl('
b{'ha\'iour of 501 muS{ bt. l'Iiminatl'd; mis i:-odone in ~{'ction 111. whef(' th(,
probabili(y disuibuüon of s is anal\'Zl'd,o, '

11. SYSTDIATIC BEIIAVlOlJR 01' TIIE FIRST E\CITFlJ-S1XI"E
E:'\ERGY

The \'ariation of SOl' (h{, firs( ('xciu:ti-s(ól({' ('xciuHion ('nergy,
throu~hout (h(. nucl{'ar (abl{, was first studi{,d soon aft{'r tite binh uf nucl{'ar'
:\hl'il rheorr. Th(, values of 501 for n'{'n-('n:n nucl(.¡ plofa'd versus the
n('utron number N li{' on a rath('r smoorh ('un'es. This is oot [CU{', howe\"('r,
if all (he nuclei are (aken inro accounr, a," is shown in FiJ?;", for nuc!t:i
wirh mass numb('r /\. with 8 < A < 2UO. Ii('re, 501 i:-oplou('d ,,('rsus A

and th(, {'rratic b{'ha\'iour hom on{' nllckus lO til{' n<'x( is apparent, ('xcC:P(
for nuc1ei in the ddorrncd f{'J?;ion.

~
I(, '
,'~

l'í,.: . .2. J)i;l~ram .••h"will¡': (he a",('ra¡.:l' of \n <1." a funnion nf .~, IhHh th('
"illt('rml'di all: ••tructur(''' I solid liflc) as ••••.(.11 a•• th(' ••,I(ro••••••uunure"

l.'un'(' (dotl('d lin!') .,
"1

\0 lA aH' ~i\('n,



192 Flores and ~.lelJo

On (he average, howcvcc, 501 c1early tlccf('as('s with A. This is
...,hown (solid line) in Fig. 2. whcrc foc ('aeh A (he average "alue of 501

fOf (en nt-ighbouring nuc1ei is given. Th(, peaks due lO magic and scmi-
maglc nucici sho\\' up c1carly. as w<:ll as me valle)' corc(.'sponding to nuclei
In tht: rkfurmed region.

\\'e thcreforc hav<.-'in Fig. 1 examplcs of {he "fine suucture" behaviour
of sOl' wher<:as in Fig. ~ (he average of 501 stiII shows evidence oE ao "inter-
mediare Stcucwce". One could go a S('p furm<'T ;:Uldobtain me "gross stNeNce"

by e1iminaring [he peaks and vallt:-ys appearing in Fig. 2. Foe (his gro .••s
strllcture we propose a funcrion of lh,' tyP{'

alA ( 3)

S taken directl \'
01' ,
30 ~Ie\' and me re-

anO dctcrnline a by a least-squarcs fir [O GIO ...•pacings
(mm (he nuclear tablesQ" 'rhe value obtaincd was n
suiring curve is plotted as a dashed ¡inc in Fig. 2 .•

\Xc are nOI
',' preparcd to rackle dl(' prohlem of the f1uctuations of 501'

"hich ¡s dlC main ohjecr of [his papero

*One C<luld use the slighdy more ,¡.!:eneral form alA/3 to represent rhe ~ro~:; !'>truc[urt.'

uf '''01 lIuwe\"<'t. if one pt'rft\rms a leas[-squares fit wilh tbis functiolJ, ,IIUt, are

several SC[S of \"alues of a and /3 which are equall)' ,l:ood and norhin,l: IS ,l:aioed.ln
f . h . o. lO oh 11an, uSlng t (' o,"¡-sratIS(]C ,H. e ('O has shown thar rhe errors for a and /3 are uf

rht, order of 'SO~, One should (hen he ,[:uith'J by a simple modcl: consider [he

problem of compuling [he iev(,1 densiry of a nooin(eral"lin~ Fermi ~as eonlilined in

a spherical eavi[y of radius 'oA~. To firsr ordet in Ihe \\"il\"C numht"TA:, thc single-

panicle 1('\"('1 densiry i s proporrional to K. V, \' h('inl{ the votum(' of [h(, eavir)" 12. Evalu-

alill}.: rh(, ~.Jan[ir)" ar Iht, Fermi mom('otum K,.., ilnd takin,l: ioro aCCOllfll ospin aod j"(J-

spin d(',l:ellt'facy factors. 00(' obtaios

,
01

"
(j7T1/R) 3 (¡,2'2m,2) .4,-1,

" (j)

leadin~ ro a valueufj3== l. I¡ercm is lhe ef{lTli\TnUc!('Onmass. lOsinj.: a == 1{) \fe\"

aod m equal rl' rh(, ff{'e ouc\eon mass, a \Oalul' nf,o == l.01 is o!Jrained. One •.•hould

ft'call rhar 'Of e\'cn-e\'en nuclcj rhe ,l:fnSS-S(rtlt:IUfe Iwha\'inur nf -"nI wao" aoaly/t'll

(hl'of('[', ..:ally a 100,2 rime aj.:o usin~ rhe coJleeti,'{' model13:Ih(' fC•.•ult was.:t == 100 'fe'"
and r= 5 (): this, how('\'('r. do('s nor fir (he ('xre;-:mt'lIlal dala,
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1'0 analyze the fluctuations of SOl' ('¡Kh of mese en('r,gies i." measur(,d
In unlts of~1 as giv('n by Eq. (3), thus eliminating (he sys{ematic beha\'ior
as a function of A,

\lre have plo((('d in Fig, 3 the histogram of.<¡: /5 , for .111 nuclel
01 01

corresponding (() 8 < A < 200, Th(, ClHrt'Spondinp; Poisson distribution, \\hich

0."-

. ~,

I'I~. _~. lIisloRram for.'\ := "0) .•.•01 for all nuclt-i with R <A < 200, compared lO

Ihe (,(.Htl'spondinR Poisso!l di~;trihulion, The hi"íORram contains SOS
poinl s,
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would be valid foc a completely random sequence of discances, is also shov.n

in Fig. 3. As is clear (rom this figure, [he histogram does flor follow a
Poisson disrribution: Dne notices'the accumulation of values around

s '"'"0.4;- and s ""\.2 55 The bump around 0.4 s , is duc 10 distances
O) 01 < Ol . Ol' 01
belonging to d('formed nuclei. As was me(l~ion('d in [he previous seccion,

and as is sho\\-TI in Fig. 4, {oc mese nuclei me s lie too clase ro meir mean value,o,
which in me unirs used in (he histogram is approximaccly 0.4.

\X'ehave (hus e!iminaccd distances belonging (O deformed nuclei; we
are leh wirh [he histogram shown in Fig. 5, which now resembles a Poisson

distribution, execpe foc (he bump around 501 = 2.5 ;01' A X2test shows
rhar chis bump i...•statistically significant: P(X2), the probability of X2 , is

of the order of 10.
5
• Dne should. th{'refore, seek foc other sets of nuclei

that, like those belonging to the deforroed region, show a systematic be-
havior of 501'

Ar this point we have followed two different citeria: the first, wehave
removed aIl singly and doubly closed-shell nuclei and in the second aH even-

even nuclei. The resulting histograms are shown for 8 <;: A t; 150 in Figs. 6

and 7, respectiveI}". For the case of Fig. 6 a value of P(X2) ...••.•0.04 is ob~

p(X)

-X-SOl/S';;

Fi,:;. 4. Distribution of.'> for J08 nuclei jn the ddormed re,:;ion, 150 <A <. 190.. 01
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Fig. 5. Comparison oí the Poisson disuibution with the resuhing histogram of

sOl/sOl' once the nuclei in the defonned region have been e:r;cluded¡

369 nuclei with 8 ~A $ 150 ate (alcen into account.

Fig.6. lIistogtam íor the spacing SOl oh(ained aftet (he tota(ional as well as
magic and sNlli-magic nucl("i havt" been ("xclud("d. The corresponding
Poisson distribution is also .''ihown. Th(" mass number A range~ írom
A = R to A = 150 and 308 nuc!ei w("r("taken into account.

195
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.1"

Fig. 7. lIislO"cam foc.s 15 after spacings (rom even-cven nuclei as well as
r> 01 01

(hose from nuclei in rhe defonned region are eliminated; 264 disrances
a,e leE,. l'he is now represented by che fonn ~Ol = 18.7/A,avera~e "'01

ohrained froro (he data by leasr-squares (it.

~ , . .
,.'" I

Fig. B. lfis(Q~ram corrC'spondin¡;: lO che (irsr nearesr-nci¡.thbour distanc(" ''S0/5
0l
•

obrained aftee [he rotarional, [he magic aod semi-ma¡;:ic, as w('11 as (he

even-t'ven nuclei ha\'(" heen eliminared. The unir -:; used is (he same
01

as in Fi.':. i. The mass number A varies (rom A = R [Q A = 150 aod 232
nuclei ace considereu.
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tainc'd, while }J(X2) rises ro 0,08 for the histogram shown in Fig. 7. Finall)'.
when bom magic, semi-magic and even-even nuc1ci are takcn out. the histo-
,gram of Fig. 8 is obtained, which folIows a Poisson distribution with a
1'(;.;') ~ 0.50.

1\'. FINAL REMARK'>

\t:'e.'ha\'c shown mar, oncc' nuc1ei with a s,,"stematic s behavior are
• 01

eliminared, the energv differences s bet\\'c'cn the (irsr excired and ,ground. 01 __

~rares. measured in units of me.' average s ,follo\\' a Poisson disrribution.
01

'Ilti~ staristicai regularity sho\\' up only aft('f rhree different sets of nuc1ei
arc nor raken into account; even-even. magic and semi-magic and cotational
nudc'i.

This is only the first ~tep in the analysis uf nuclear spectrum flucru-
a[ions in lhe ground sta(e region, using me nuclear rabIe as a re.'alization of
.in ensemble of hamiltonians. For insrancc, one shauld considc.'r rhe nexr
{ew nearesl-rle.'ighbour distanccs 5 ,5 .. '. as well as the next-ro.nearest

12 23
neighbour e.'T1ergydifferences s ,5 , ... , again without regarding their]T1

13 2-4
\'alue ...•.

Thc aim o{ [his analysis will be tu gain greatcr understanding uf rhe
relations among nuclei from rhe :,,>tandpoiflt uf random marrix theory. An im-
portant quesrion arises from the fact [har we have found a Poisson disui-
budon foc the 5 ; this arises from the supernll)sicion of indept-ndc.í1tc.Tlsembles5.01 ,.

cach uf which possesses intcrnal correlations thar ¡cad to quit(. differen[
spacin}2: disrribution:s. and wc must <l .•••k whc[hcr a dassificarion of the nuclei
can be found that rcveals such structure For instancc. distanccs be(\\'ccn
nuclear 1c.'veIs belonging ro the ...•ame] and TT •.•hould be analyzed. and [he
possible principies of classific;lrion should be srudied .

.\ CK.'.:oWLE!le; DI E:\TS

\\e would like ro rhank '1".1\. Brody and E. Yépezformanydiscussions
nn lhe.- subject. and n, Chen {or help in S(lIlH' numerical colIculatiuns.
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'X'(' would lik(. tu Llke (his opportunity ro cxpre .•.•...•our rt(.cp graritu[(' ro
Prof. .'.1<1[<.'\)'" \ln ....hin ....k~.. our [(',lche[ aoa friendo Sinc{' rhe time of our fir .••t

gradu •.u(' year ..... he has guid('d u.">, wirh CX(f{'m<.'p,ltiellc(, and {.nthusia ....m.lli ..•
ad\.ice .•.•\\('fe alw.1Y•..•("onc[('[(', useful and íntelligellr. and h<1\'(' b('ell rno •.••[

influt'fltiai in rh(' d("H.lo¡ ..•.nt-lu ofour ;lnitude cowards life.
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I(E~l;\IE\"

~e con,,,idera a lo" núcleos Je la (,lbla nuclear como una r('aliz.t<:Joll
de un ensemhle ti(. lIamiltollianos y se an.lli •..a la di sr ri blJCi 1-1'1litol ('."'p.u:iami(:n.
(O s ('n t H.' (:1 prim("r ('''r.ldo cxciradl) \ el (.'srado hast .. ~e d(.IllUl .•.•lr.l <JUl'.nI .

un.l ,"ez que •.•e h.m eliminado núclt-o." Cllfl un Cl)mpOrl.lmic.'llto •.•i~(('má[lco. (,1
l.•.•p.H:J.Unll'flr(l SOl' lll('didn ('n uni(Lld("~ de su prnmedio. ~it:IJ(" una di~trd"J('i(')1l
d(' P(lis~(lll.




