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INTNODUCTION

Thl,3 report ilescrlbes the reaearch perforneal Ln our
laboratory alurlng 1977. The research revolved around the general
gulalellnes e8trblisheal ln the prevloua yeara, i.e heavy Lon
reactLona, ltrduced X-raya, y-ray spectroscopy and theoretlcal
nuclear physlcs.

fn h€avy loD reaetlons, stualy of reaonancea in several
heavy Lon ay8tems ln the s-d shell naa inltlated. A nunber of
new reaonaDcea w€re lalentLfleal anal an effort haa been rnaale to
underatanal the origln of these regonances. A syatematlc study
has also been carrletl out wlth data from dlrectLonal. correlatlon
neaaurenents of y-rays enltted ln heavy lon reactlons. The
purpose of the stutly nas to aleternlne the ttepenalence of the

atea populatlon dlstrtbutlon on the klnal of projectl le, the
spln'b'f the resLdual state and the electrotragnetlc deexcLtatlon
frqn above.

Spectloscoplc lnfortnatlon for a number of nuclel were
ertracteal utlLj,zLng reactLons auch as (p,ny), (p,p-y) and (8.I,
xvrl .

In the ftelat of induceal X-rays , both nethods, PIXE
and t(I|l trere used extensl,vely for quantltatlve anal qualltatlve
Deaaurenenta of trace eleoents. The nethoda were appued ln
problens connecteal nlth al,r poLlutlon, akl,n cancer, Dlneral
content of orea, etc.

As an applLcatton of nuclear physics techniques In
other regearch areas. the toethod of perturbed angul.ar correlatlons
of y-rays was applteal to the study of bLologlcal nacronolecules.
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On the theoretlcaL slde, the VMI nodel was extended
to lighter nuclel that exhiblt hackbendtng ph€notnena, a d the
isonorphlc modeL was enploy;d for the prealiction of sla.Jle
super-heavy elements. Consid'erable yofF. was also per.forneal in
heavy ion reactions where an a-elygter. i$ transfeFred and
where. both rnotles, direct and exchange arq ,eotnpeti tl.Ve.

In the technlcaf lteld, the lnstallation of an
lnverteal sputter source, exl ?naled the heavy ion capabilities
of lhe laboratory. Ilavlng .algo golved our problen of tube
alamage we have hatl no particular di.fflqulty ln voLtage holding.

A9 in
collaboration

from abFoaal.

. 
No laboratory can really function properly without the

aledieateal effort of Lts technical and adninLsCratlve staff and
ere take this opportuntty to acknoyrlealge their work.

the previous years, we beDefl-tted fron useful
vrith col-Leagues from the creek Universities and
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HEAVY ION REACTTOI{S

l l2Ove q-Soecttoecop.ic Fdctota th"olqh the 18o (16 o,2on")12c

React ion

N.XirotnerLtla, G.Vourvopoulos, E. Kosalonlalea, p. Kakantg
and E. cazls.

The cotnpleted atutly of the q,-spectroacoplc factora
for the grounal state and 1.53 Mev state of 2oNe and ln the
energy reglon betyreen 28 and 35 Mev leails us to lhe folloirLnq
concluslons.

a) The DIiBA theory ls adequate ln descrlbing the reaction over
the energy reglon lt rra6 gtudleal.

The apectroEcoplq factors derLved are ln good agreenent irllh
Che theoretlcal. predtctlons, dlfferlng apprecLabLy hordever
lrorn most of those tlerlveal from ltght lott experltnents .

The relatl-ve spectrogcoplc factor i.e. the ratlo of the
spectroscoplc factors for the grounil atate to the l.G3 Ii{eV
state, remalna congtant fron 28 to 35 MeV strengthenlng even
nore the adequacy of the DVTBA nethod of analysla,

b)

CI
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2')  Resonant Behauiou" o

X.Aslanoglou, C. Vourvopoulos,
Bakoyeorgos.

th" 12c + 12c 
susten

G. Andritsopoulos- and p.

rn order to study the fine structure of the 12c +12c
system an excltation,functlon vras taken Ln the regLon of
7-1O.5fbv (center of mass system) detecting gamrna rays eftltted
from the alecay of-Che system. A t).pical garnma ray specCrum
at 20 ! 'tev (Iab) is shown in -flg. 1. The gamna rays spectra
afforded the simultaneous i.nvestigation of the 23tta , p,23ug
+ n, anal 2o"" * . channels slnce the ganma rays enrnitted from
the first excLteal stales of the 23wa, 2 31.19 urrd 2oNe nuclei
carry most of the needed informatlon for the probabil ity of
lheir formation.

Fig. 2. ghor,rs the excitatl.on functlon for the p
anal  n channels.  The correlated anonal ies at  1.75. g.7,  a.3
8.9 MeV (C.M) conflrn thelr assignnent as resonance8 in tl.e1t 4a'-q+ ''C system as seen through particLe iletectlon e)qErjnpnts ,

lzc.rE

Erl t rav;rrer^:ao6-
Lrd-

I

Fig. 1. Ganuna ray spectrum fron the
The qanrna ravs of incerest
45o kev (23t{g) and 1634 kev

12^ 12^

are the 439
(--Ne).

reaction.

t<ev ( 23lla)
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6
!Lq.2. Excitation functlons

for the c..p anal n

ehannels from the
12c+12c react lor , ,

2oNu sp""truo

reactlon at

f ror l  the 12c {12c.o) 
2on"

E" (Cl{) =7.3 lteV
!  ] .q.  J
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hr

Ef the 7.3 MeV (C.u.I aDomaly whlch has not been prevlously

observed further data were taken through the 12c (12c.o)2ow'

reactron. Fig. 3 shows the 2oIle sPectrum at the above energy'

An angular distrlbutLon as shown ln Fi9.4 lnalLcates 
- 
that the

7.3 Mev (c.M,) anotnaly ts a resonance in the 12c + 12c systen

wlth a possible spin antl partty of 2-. Further exPerinents

are being carried out to unlquely establtah the 6pin antl

parLty of that reaonance.

Ftg.4

Angdlar

distrLbution

at E (Cu) 
-7.3 ltev

of the a?artlcles

leading to the
ground state of
2oN..

.9

s
9
c

r , '
I  ln
I  L, ' l
I  t t -

i , , l { l l t'i 
i r o,..,,

r i
i r

i ;

+ Universlty of Ioannina

.r___-1-.|.-.'..--
i. a, ;o a< .o .f r. 1r ,b tt ia'
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3) A 5- Reeo\ance

N. Cindro-, X. Aglanoglou, c. vourvopoulog
c. AndritsopouloE , p. Agslrnakopoulos, and p.Bakoyeorgos.

An excltatlon functlo!! for the 160 * 12C 
"yr".^was taken Llt the reglon of 22-30 lfev (Lab) through the 12C

(16o, o) 24Mg reactton. A nunber of o,-groups populatlng states
of 24u9 r"r" measureal aa can be aeen in Flg. 1.

37.

e€

1S,

3.

. .Mg srrectrum from the

EL=25 !,tev.

12c (15o.".) 24l,tq 

-e""tl.ort
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The excitation function (Flg.2) sholrs a correlation of the

26.0 Mev anomaly in Eeveral outgoing channelE. The angutar

distribution fdr the alpha particles leadi.ng to the grounal

state of  "Mg is shown In Fi9,3 at  Elab-26.o Mev. This

distrtbution has a pure n! t"o. e) behavior, lrhich reflects

the existence of a Jn-5- iu"orr"rr.. ln 28si ut E"=2?.9 Mev.
2g

50

50
0

00
5t
0

0

5.22 3'

7
.../.2':

7

( a.12 l '
. ' 1r.z ,'

1/,,' 
l7 t3o 2'

.  . ,4, / . '. . . . . .  
, / , / .  

.  
. .' ,4 ,a .

/ . / . ,

o0
. I

Ftg. 2 The excitat ion

function o1 g1'r. 12g 
116o,<r)

24rr^ 
---^*,^-  

.^-  . t -

qrounal and six lot, Iytng '
states of '-Mg. The shaded

area maps the reqion of the

observeil anomalv.

, l
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Ftq. 3 The experlrental angular t lLstrLbullon of
1) 1A

the -C ( -o,a^) reaction and varlous fits.

Because of the large rridth of the resonance angular
allstrLbution Deasurenents were also taken at E,-_r25.O

^ 11MeV wlth toe sane 5O1rg,/cm' ' 'C target, covering a
2OO kev regl on of the resonance. The results vrere slnllar
to those of EIab-26.O !{eV. Ir{easurenents taken off resqrance
indl.cate nO stmilar structure as that of the resonance.

++ Unlveraity of loanni.na, creece
+ R.Boskovic Institute, Zagreb. yugoslavia
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E GAH A RAY SPECTBOSCOPY

1l rhe ""Si  ( ' "o. tu \ l  React ion

E. Atlamides and A.C.xenoulis

Excl.tatj.on functlons of Y rays produced by the
IA

reaction "si (t"o,*y t) havd been tletermtned at bonbar'l lng

energies g {16o1-zl ,zs,l l .33 and 35 Mev' These measurenents

were uti l lzetl ln oraler to extr+qt the poPulatlon of several

regldual slates lrhlch is causeal exclusively by the nuclear

reaction as a functlon of bot!.bardlng energy' Many exit clEDnels'

such as 2p,pn,n,p,2nPt 2Pn' q,op and qn. were observedl to

carry out the reaction. Hooeve!, the Pn and 2p were the

prcdonlnant exit chaDneLs and also the onry exhtbltlirg high-

spin seLectivl.ty. Thus, mainly yrast states werc observetl in

43s. urrd 43c. ,rp to '19/2+ Jtr varue.

Anqular t l istributions of Y transitions deexctting

the 43ca .td 43sa have been obtaine'l at 31'5 Mev and analyzetl

with a. theoreticaL nethod developed in this laboratory' It nay

be interesting to mention that the angular distrlbutlon

coefficients neasured in this work agree \''ithin the e'Perjr€ntal

error rt ith those measured by Poletti 9! g!', where a different
aa

nuclear reaction. 
z/al ( ' 'F,xy) was use'l '  This may be int€rpreted

as evidence agalnst - the "ranalon walk" hlpothesis about the

width of the maqnetj-c substates population tl istl ibution '

l{e interd to rneasure the same distlibutions at

different bonbarding energies in oraler to clarlfy vthether or ho!,

they alepend on the energy of the bombardment.

1.  A.R. Polet t i ,  E.K. l iarburton. J.W. olness, J 'J '  Kolata and

P. corodetzky,  Phys. Rev. 13c ' l ' l80 (1976)

1
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2) stud,u of  the 13c (18o,a. t l  y  React ion*

E. N. Gazis, A. XenoutLE , P. Nakanl.s at-,i A.D. ParEglotou,**

h our program of lnveatLgatlng Che propert!.es
of neutron rich liglt nucleL anil the reactLon mechanlsm involved
we stualleal th. 13c (18o,"v) y reaction at lncldent bean enerqtes
betneen 22 and 31 uev ln the laborato"y. a 13C target of about
15o vgr/cn2 Au backtng, r.ras bonbarded by 1895+5+iorr", obtained
fron an inverted sputter ion source by introductng 18o (gst

enrichment) rrater tFI\sE . Beam currenta of about 18O nA were
obtalneal on target.

At iirst we have obtalneat sLngle y-epectra for
many energetically available exlt channelE, It was founal that
the atrongest channels are the follolrlng.

4n. 3r, ( 25ug)

p :n {27at}
p zn {28at)

zn (  29st  )

Thls observation ls Ln marked all-fference rdl-th
the \rer l  studled react lon" 160 * t ta,  t 'o *  160, 12c r  12c

(ref. 1-3) . the alLfference ln the exit channels Ls probably
due to the fact that ln our reactlon the conpound noal"o", 31sl*

has a large excess of neutrons r.rhich are preferentially emitteil.

F19. 1. sholrs a typlcal gingle y-ray spectrum,
tn which we have Ldentifleal thd strongest tratrsltlons . The
energy call lbration i6 correct wlthtn t I kev.
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We have also obtained exeitation fihctidrs- for the stt
channels Ln the energy range of 22.5 to 3O.g UeV and
lab. an91e of 55o. we are currently in the process of
thLs yeld curves wLth the theoretlcal predicilons of
partlcle-evaporation cod6 CASCADE (ref. 4)

letectlng

cornpartng

the

The code CASCADE has been adopted and tested for
operattng tn the IBM-375il145 and CDC_77OO Clber Compurers. rt
calculates the rnass anal z-tt istribution of the evaporation
particleE in a fussion heavy ion reactlon. It starts fron an
excltetl conpound nucleus, calculates decay widths for neuEron,
proton, q and y enission using the Hauser_Feschbach formula
and generates population matrl.ces (in an excitaCion enerqv_
ang'ular tnonentum play) for the daughter nuclei.

The code.CASCADE (ref.5) which lE used for extractlng
nuclear l1fe tlrneg from analysis of the shapes of y_rays obtained
in Doppler Shift attenuation experlnents, has also been rearrangeal
and tested for operatlng in the CDC_33OO Computer of N.R.C.
Demokritos. ft should be mentloned that the shape methoal gLves
the best results, rrhen the Doppler shifts are rather larqe and
therefore, ls partlcularly sulteal for heavy ion reaction
spectroscopy.

1) NucI.  phys.  A179 ( '1s72),  594
2) phys. Rev. ct3 (1sj6. t  , . t56 Nuct.phys. AZ:_q (1975) 4o9
3) Phys. Rev. Lett  37(19161 .321
4) The code was klndly supplied to us by Dr. piihfofer, c.s.I

Darnatadt, Gernany
5) The code nas klnarry supprred to us by Dr. warburton, Brookhaven

Natlonal lraboratory. USA
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3l l r te"p"etqt ion of  Di"ect ional  Co"lelqt ion Behaoiot  of
ELect?onaqnetic Rad,id.t io\ Enitted. in Eeq.vq_Jen Reaetiorra

' t4

E, Adatnldes and A.C. Xenoulrs

Wlthout any assurnption about reactlon tnechanism
r,e have enployed a - tvro-dl.rnens lonal fitttng procedure In orater
co extrac! lnfornation about J,6 anal nagnetlc population
distribution values from directl.onal correlation lneasurenenrs
of y-rays emitteal in heavy-ion reactions. We have carrteat out
a systenatlc study in order to determine the atependence of the
substateE populatlon alistribution on the kind of projectite,
the spLn of the resldual state and the effect of the electro_
nagnetlc deexcitation from above. The theoretlcal predlctions
Yrere compared wlth t}te resultg of a consistent anaLysis of
experlnental distribulions. WIth the results obtalneil we can
conelude the following:

1. Often the electromagnetic transltions are stretched i,rrt bl, no
neans alrays.

2. In oraler to evaluate the subatates dLstrLbutlon caused by
the reactlon one has to take into account the electronagnelic
cascade feedtng from above. On the contrary, the 6 values are
not affected by the cagcade corrections.

3. fhe alnost universally assumeal Ln.ssnsltivity of A2 anal A4
values to the substates dtstrlbution rdlalth useal in tie cqrerattn
has been seen to be only clrcunatantlally true.

4. The conparisolr. of the magnetic substates populatton wldth
of l-evels excited Ln the sane exit reaction channel shows that
It aloes not remain conEtant, but that it may change fron level
to level.

.
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5. The overaLl comparisq!. of popl.tlatLon lttalth causetl by

different exlt channels .Ehows that thls doea not depentl on

the nurnber of enl.tted Partlcles.

our data lndlcate that the plesent methoalg may be u6ed

ln oriler to clarlfy the nechanian of heavy-ion reactlons.

PDF created on April 4, 2012, by S. V. Harissopulos



!eact ion

16

c. r,ebrunf o.Ardouinf F. cutlbault: B. nemauf, , r. parade 1 ris,
** +* t* ,  ***

G.Costa.  R.Sel tz.  M.Vergnes, c.  Berr ier

Fron the analysls of the induced radioactivity as virell

as the on l ine slngles specCra the fornation cross section of

nany exLt reactLon channels have been deternlned as follorrsi

Cross sectlon in nb

Bonb . tnet'gy
( Mev)

l,lucleus channel

ce69( R)

As6s(R)

zn68( r)

Ga68(R)

Ge68( I  )

As68(R)

Zn66(I)

ca66 ( R)

Ga65(R)

210+35

69+12

8,8i1,5

60r10

90+20

2.3r0,5

72+2

67 +15

37.5 '10.0 4s.0 4?.542.5 50

pn 1!1 31+7 67115 142+28

2n 13+2 34+5 50+8 65+11

3p 0.4+0.1 2.2+0.4 q.7r0,8 7! I

2pn 1.8+0.4 7.3+1.2 2!+\ 4OrB

p2n 19+3 37+6 63111

3n O.16+0pr+ 0.28+0.0? O. c0+0.19

3P2n 1+0.2 4.6+0,8 7.3+1 10.5+2

2P3n 4.6+0.8 16.5+3 2A+4 4?+10

2p4n 0.07+0.02 0,42+0.09 1.4+o.3 3.?ro.?

210+35

74+10

18+3

152+25

190r40

8.41r$

.19+3

72O+20

16.i3

-  . .1

(R)

( r )
Fr.oo riadioactivity data

ID beam data. Tota-I cross-section is estimated firom the 2;-Or y ray

yield assuming that 909 of the transitions in the even even nuclei

pfoceed thlough this state,
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Currently the y-I coinclalence spectra, aqcunulated at
47.5 ltlev bombarall"ng energy, are analyzeal t., establlah the
tlecay Echeme of the 69ce, 68c", 691", 68c. .nd 66ca nucrel.

* Instltute de Physigue de Nantes, France
.. Centre Nucleaire de Recherche tle Strasbourg. France
*** Institut de PhyElgue Nuclealre alrOraay.
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5. Esci ted,  stql"e in 69co oboe"oed. i .n the b,p ' \ lReact iotr

T.Paradell ig , and c. Vourvopoulos

Angular alLstrtbutlons antl Doppler shl-fts of the
y-rays deexcltlng levels in 69ca were taken at several
bonbardLng energl.es between 3 anat 5 MeV.

The analysis of the data supports the following
spln anal neao lLves for the exclteal states of 69Ga populated
ln the (p,p'Y) reactlon.

Level (kev) ,- ,tn r (ps)

318.7

57 4.2

87 2.1 '

1028.5

r 105.8

1136.6

1 447 .9
't 525 .2

7 /2

1/2-
5 /2-
3/2- 0.36+0. 05
1/2- 1.8 *1 .5
5/2- o.33+o. os

2!' l

The intereatlng feature ls that the spln of the
1105.8 kev level has been shown to.be S/2- Lnileett aa prevlous
y-y distrtbution results suggested', anal not 3/2- as Lt was
widely accepted. Thig reault ls ln agreement nith the core
partj.cle noalel erhLch suggests a 5/2- asslgnment for the 11OG kev
Level.

1.  T.Paradel l ls ,  A.C.xenoulLa, C.A.Katfas z.physlk A27S (1g].5l  269
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Erci ted State6 i ,  69Gn 
strdi .nd i .n thn 69co ( 69-

Reaetton

Level (kev) JlI r  (ps)

T. Paradell is, f. calanakis. and G. Vourvopoulos

The 69ca 
{p,nr) 69ce 

reaction has been studied
at botnbarding enelgies fron 3 to 5.2 Mev . Excitation functions,
populatlon cross section, angular distributions and Doppler
shift measurements resulted in the identif icati.on of the
follolrlng level ln 69ce.

o.o

397 .9
812.2

862.o

933.1

994.9

l2ro. l

r278.3

r306.9

r 350.4

I i l I4.8

1430.3
t432.3
r466.o
L478.7
r539.2
r 590. 8
1601.2

3 /2-

s /2

r /2-
s /2-

r  /2-

rL /2 '

9 /2

5 /2 ' ,

.  2.2+t.o
1.8i l .o
o.  810. 2

o.72to.25
o.72*o. l6
l .4to,6

o.78ro.  20

3!2

o.43+O.12

o. 51io.  20

o.75io.25
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7l Stud,a of zt6 4 throuqh the zn84 (p-o7l Reqotion

it. Galanakls ard T. Paraaleltts

A 99.08 c enrlched zn64 target 4ng,/cln2 thlck
haa been bornbaraleat wlth protons at Eo=7.5, 6.5, 5.5 UeV.
SingLe y-ray spectra were obtalned wttn a Ce(f,t) detecEor
at go=9oo wlth respect to the beam dlrectl.on. In these
6pectra.Eone rayE_were observeat due to the zn64 (p,q,v) cu61
and zn"t (pf ) cao) reactl,ons. Through the collecteal dara,
a alecay scheme has been conEtructed rdlth the followlng
levels.  (1n kev):

991 .5 't79g.i 191o.o 23c,6-7 26c/9.4 273i.o 2sao.6
2998.5 3006.3 jozz. :  3094.8 3to7.o 3206.3 326o.s
3296.3 3355.5 3422.8 3sg8.2 3702.2 3718.o 3:-g1 .4 :
3851 .9 l t r t .o 42c/2.g _q2s1.6 4a47.o 612s.4

' Angmlar dlstrLbutlon anal llfettne meaaurelrenEs
are ln progres8.
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8) Hish-Spin Std.tee and Multi.poLe Mi,rin Patios o T"anBit iortg
in -  'Mo

C.A. Kalfas. S.p. papaioannou, E. Mamiales and A. XenoulLs

In relation wlth our systenatlq efford to aleternlne

:::"::::":,::.I:i:i ::.:::.ilI",i1"3'il"'l:::":: T5.""
populateal in the decay of a 7+ rnetastabLe state of 94t",

enploying a NAI (Tl) - ce (Li) coincialence system.

Our results. $hlch were obtained by properly
averaging five inAepenalent measurenents. rrere firstly utl l ize(t
to establish an unanbigurous 6- assigment to the 2423.4_kev
leveI, a fact ri'hich was Ceclslve in oriler to interpreC the
cliaracter of electronagnetic transitions from higher lyfng
states.  Thus. Che y-rays at  532.1,  949.7 and 971.O kev ldere
founal pure quadrupole originating frorn g+ , 6+ and 2+ gtates,
respect ively.  I  rays at  449.1,  742. j  and 916.1 kev were
determined to have unlque E2lM1 mixing of O.O7tO.09,
o 1?+o.28 -- , r  _^ . ro+o.24 

^". ',_O.ng ano -u.zd_O 2g o value, reapectively. a1I origtuEtiig

fron 6+ states ir, 94llo.

The nixing ratios observed irdlcate the prodomLnent
single-particle character of the comnensurate states ir, 941.{o.
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9) tu
E. Adamldeg and A.C, xenoulig

Angular dLstrlbutLon anal Doppter shlft heasurerEnts
of the y rays emltted ln the reactton 94lto (p,r,t) 94r" 

".Ep-6 MeV have been carrled out and analyzeal in order to extract
nlxlng ratlos of transitions and spln anal l i fe_tines of levels
below I MeV of excltatioD ir, 94T".

fn order to extend the lnvestlgatLon of the
atructure of 94Tc above 1 Mev of excLtatLon rre have bonbarded
-=Mo targets at Ep=6.7, j.O, 7.4 anal g.O uev. In these erqErtrErts
nany y rays come fron p5evLousl.y unobservedlevels in 94Mo and
from,Ievels in '"Tc above 1 MeV of excLlatlon where the atructure
of --Tc ls totally unknovrn. More measurementg, such as partlcle

.-y qolncltlence. y-y colncidence and excLtatLon functlons, are
necessary to clear these problems.
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1Ol Structure a\d Di?ectio4a].-Cor?eLaiion Meaeuz,enente in 97?e

foo,97Mo (p.r)  97?o*(t l  sp.otoo 
"xoy

A.C. xenoulls anal C.A.' (alfas

ahe level structure a!!tl the tlecay propertles of
o?

Ievels ln -'Tc up to 2l5o kev of excLtatlon have been frtvestt(liateal

vla neasurementa of excltatlon functiona and Ge (Lt) - ce (L1)

yy-colncidence experiments followlng th" 97Mo (p,ny) reactlolt

ririth proton energiea between 1.5 and 8.O !'tev . Fron thLa

neasurenentg and from y-ray energy and dlrectional correlation

measurementg an extenaletl level schene of -'Te has been obtaineal

rdhl-ch lncluileg 73 states tdtth Jn:13l2+ among which 50 atateE
have not been prevLolsly observed. Th'e directional correlatlon

neasurenents for 40 transltlons provlded ,t''aEsignmentg anil

- 
nultlpole nixlng ratios fron the analysis vla the compounal

' statlstlcal theory for nuclear- reactlons. The results obtalned

' in thl6 nork, part of rrhich for the lower lylng stateg ire ghort

l-n Fl-g. 1, hdlcate that the Etructure of 97tc i. much more

complex than nhat 1t waa bell.evett untLl recently. A conparLaon

of the present data vith recent theoretLcal calculatLons

lndlcated a qualltatLve agreement betrreen theory and experlnent
and only for the very few fir€t exelted Etates.
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trI APPLIED ATOIIIC AND NUCLEAR PHYSICS
A. X-RAYS SPECTROSCOPY

l l  Setei . t iv i t the Eutet\al Bean pJ:)fE Eleneital. Analvaii

A. Katsanos ard A. Hadjlantonlou

The s€Jrsltlvlty anal 1ilrLtatl.on6 of the etternal
beam PIXE methoal was lnvdstlgated for the elemental analystg
of thln and thl,ck targets of varLous natrloes. The targets used
were thln netall1c folls 20 to 1OO W/cm2 on nylar backlng,
and thlck aamples of rnlxtures of varlous coorpounds 1n the forn
of hlgh atenstty pell.ets prepared under standardLzed conditlons.

Ftg. ' l  .

DeterDl.nattotl Senslttvltl v$. ctonXc nunber
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F ig.  2.

T:le X-ray spectra of sotre NBS standaras

X.RAY ENERGY. KcV
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In FIg. 1 crEnes| of sensLtlvtty llmlts for the detectlon of the
varlous eLetnentE ltt thtck tarqeta cr preaented ar a functlon
of atomlc nu.nber. One na,y generaLly aay that sensltlvttlea for
ashed blologlcal tissue or blood sanples vary frotn O.Ol to O.5
ppm for Z varying from 30 to il5 for the K-llnes anat slnl.larly
for Z frorn 50 to 90 for the L-lines. caseous targets are
analyaetl by lrradlatton Ln a speclal cell. The aensltlvlt les
vary betlreen 1 to 10 ppltr at atmospherlc pressure. Ll.quld sarnples
are prepareal by ltquld deposttlon on varlous porous backlngs
and the observeal atetectable linLts are again in the sub-plnn
level. Flnally, sensitlvlttes of 1 to 10 ppn and selectlvely
up to O.1 ppm, have been obtained for Chlck ore samDles,

For tes€ing the above conclusLons, several Btandards
from the NBS of the USA were analyzeal. The x-ray spectra for
NBS Glasses 612 a d, 614 contaLnlng several eletnents Ln the 50
pprt and 1 ppm region6, reslr€ctively, are dlqflalEd tn Flga.2A and
28. In Flg. 2C the X-ray gpectrus of NBS orchard leaves ls shovrn.

Supporteal in part by the International Atornlc Energy Agency,
Vlenna, Augtria.
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2, Co""eLat i :n Studr|  of  T"dce EZe
b! the PIX F_y!9!9!!9bg!j_yszlg!

A. Hadjl.antoniou, \. Katsanos ,f. Stratigos+ anil J.Capetanakis+

A proqram for analysis of skin cancerous and
precancerous tj.asuds and conparlson rrl-th healthy ones has been
started . in order to establish varl.ations ln the concentration
of various trace elements. The elemental analysis Ls performed
by Proton Induceal x-ray BnnLssl-on Spectroscopy (PIXE) at the
Tandlem AcceLerator Laboratory of the Denokritos N.R.C. uti l izing
the external- proton bean faciltty establtghed in this laboratory.
Skln tl.ssue sanples are collected at the . "A" Sygrou Hogpital,
Department of Dertnatology, Universlty of Athens- The results
obtalneal so far lndldate correlation betireen malignancy of the
skln tigsue anal an increaseat concentration of certain metall ic
elements such aa Ni and Pb.

+ Sygrou Hospital of Athens

PDF created on April 4, 2012, by S. V. Harissopulos



29

3\ Ai? Pol lut iot  Medau?enents

V.Katsells and T.Paraalell l-s

DurLng the year, sanples of aj-rborn particulates
have been colleited from the intlustrj.at city of Elefsis (22krn
nest of Athens) anal from the site of the NRC Demokritos (East
outskirts of AthenE). So far the analysls of the data from the
clty of ElefEls shows a strong alecrease of the Ca content of
the atmosphere in cornparison with the neasurementg conilucted
tiro years ago. In particular the average ca content has

?1
fa l len f rom 63 vg /n '  (1975) to 28 uq /m'  ( .1977).  Thls decrease
can be attributetl to the new electroatatic f i l ters in the
Portland cenent lndustrles of the reglon.

On the other hand, the levels of Fe (alue to the
activlt les of the steel tndustry) renained constant at the
lcvel of 5.3 Uglm'. Although the Br content (due to car
exhausts) rose slightly from ?6nglrn3 (19?5) to 83ng,/n3 (1977)
the Pb content rose from o.78 ug/m3 to 1.15 ug,/rn3. Based on
the PB:Br ratlo which is expeqted to be aboue 5 for car exhaust,
mogt of the Pb observed can be certainly attributed to other
polluting causes. In sone days as much a9 8 pg/niJ of pb have
been tneasureal lrhile the Br level. renained to about ?6 nqln3.

It ts very probable that t}!15 excessLve increase
in Pb is aggociated with the large lncrease observeal ln the Zn
concent nhich rose from o.27 vg/m3 in 1975 to o.7o y.g/m3 in
1977. Since both zn and Pb are used extBnsively in paLnt

roanufacturlng, the paint industries of the region nay be
responsible for the Pb and Zn air contanLnatlon. As for the pb

speclflcally, leackage of Pb conpounils fron the oil refinerleg
of the region or fron coal burning cannot be exclualed.
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t ,  ,

r. paradell,is and V. perdikatsts+

in the conte:determine ..."" ..".",,J" -;:'":j":::: 
:T"felJT.::":T: *

used and a correctlon ls ni
curve for ser.f absorblne, ;ff"i'::t"::.ilr:l:":::..;:.::il"
cotnposLtion of granltes in Si. O, Al, Mg and Fe.

Tto lnternatl
granodlorr.t uscs-csp , .rru'ontt 

geological standarda, the

by rhls tnerhod.',r,nr" 
"*i"liili:.1'::;:: ::":":::1"::.#:1.".ta obtained bebreen lhe tneasurear and the quoted standardconurosltlon of trace. e]enents.

+ Instltute _for ceological and Mining Research, Athens

PDF created on April 4, 2012, by S. V. Harissopulos



31

5l sed"ch l9l Superheavlt Elenento

T. Paradell l-E

A program has been lnltlated for a search of auper-

heavy elenenta, using photon lnalucetl x-ray fluorescellce.

The project ls based on the attemPt to observe the

characterl-stlc I,Ctr Lgr L1 X rays of any suPerheavy eletnent

exl6tln9 \rith zs130 aE a trace inpurlty in tl l-fferent samPLes.

sj.nce it is difflcult to guess on the chemlstry of unknortn

elements, 1t ls belleved that if such elenenls exist ln nature

they nafr- $e'fo.rd as trace contaminants in chenLcally enriched rare

earths, lead, bistnuth. thorlum or Uranlutn salts.

used ln

enrlched

u
!o

a 5nc 241an rail ioactive source in capsule has been

geometry to excLte a thlck Uranlum oxlde 9a$P1e

998 ln U. A spectrum of 48 hrs run l-s shown ln f19.1

The famous peak at 27.20 kev observeil by Gentry et

and attrlbutetl to elelnent z=125 (rA.f )is a15o observetl as rrell

other peaks at 26.8 and 33.78 kev which couLal be attrlbuted

to the Ia2 anal Lg lj.nes of t:he same element.

The problem here

anal their intensity iE clqse

X-rays.

At the present stage of the work a 25mc 241An Is

tn orilerr while a system of gultable abgorbers h'hlch wlll reduce'

the nunber of U L x-rays reaching the Si (Lt) detector t" tt 
_,

the naking. It is ExpEqgEfl that i{Ith optlnum conditlons a 10

-1oo llnlt rnay be reacheal for the aletectlon of any suPerheavy

contamlnant ln the exatnineal sampleE.'

ls that the energy of these lines

to the expecteal sum peaks of the u
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B. APPLIED NUCLEAR PHYSICS

6) MoLeeula" Mot ion of  PoLuqlutanic 4eid.  Studied. bu pe"tu"bed

Anquld.? Co??elat ion of  Camna ?aua.

P.W. Mart ln+, K. skov++ and c.A.Kal fas

The technique of perlurbeal angular correlatlons
(PAC) of y-rays has been applted to the study of blologlcal
nacromolecules.

In these studies, a radioactive probe ls aCtad€il
to the mol-ecule of interest and the colncialence countlng rate,
w (9. t) 

'  
of t l,o successlve y-rays ls measureil as a function

of the aDgle $ between thelr directions of propagation.

The present meausurenents, j.ncorporatJ.ngl 1 1 In
as a fabel, trere undertaken in order to investigate the
potentlal of PAC as a quantltative tool in studying molecular
dynamics of bloligtcal macromolecuLes. In thls case trro gpecies

of polyglutamic acid were investlgateal, one of nolecular weight
14,7OO, the other of 98.oOO. The objective vras to lnvestlgate

'vrhether PAC could differenttate the respective rotatlonal
correlation tines of the nol.ecules ln aqueous solutlon and also
to obtain infornation on the nature of the blnalinq of the
attached probe.

The results show that within experinental error.
the ratlo of the measureal correlation tlnes , Tc(98,OOO)/Tc
(14,OOO) =1O.3 i4.O. ls consistent wi th the vaLue t  ,13.5

expected on the basls of the nolecular weights and vl-scosities.
The effect of viscoslty alone would prodJqe onty a faetor of
\,2,1 in thls ratio. glving cretlence to the assertlon that the
111Ir, 1" in faqt bound to the polyglutanic acld anal that 1n
fact the results truly leflect the alyDanlcs of rnol.ecul.ar tlrotlon.

The consl.stency in the values for the quadrupole
frequencies and asymetry EEra'€ters also imply that the blnding
is speelflc, although for the purposes of thta tnvestlgalLon,
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this rEeil not necessarl.ly have pertalned. presunably the
polygluta.ntc acld blnds to .carboxtl groups along the poll4ner.

+ Universlty of Brltlsh ColunbLa, physlca Department

+iBrltish colunbia cancer Insc.ttute.
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ta
7l Poofutiot of --th

S.Kog8lonlales. a!!al C. Kalfae

One of the lsotopes usedl for nedlcal appllcatlong

1" 28tt9. The nost coruonly useal reaqtl-on for Lts productlon by

acceleratorg t" 26Mq (t.P) 28t'lg. rht" reactlon cannot be

congldereil for our accelerator gLnce lt ltoul'l create trLtluo

contalrlnatlon prob!.ema 
' 

whlch the laboratory Ia not prepare'l

to face, Thus, ln the search for an alternatl've PossLblll-ty we

trtett the reactlon 23w. (7r,t,zp) 28t't9. Nttottr so'ta (Naco3

pro analysL) rtaB aelected as the target slnce C an'l o cannot

Iead to 28u9. A few grame of the pow'ler trere wlapPed I'n thln

Al fotl thuE creettng a "thick" target rhlch was botrbartletl

irlth 2onn of 71,13+at E=15 Mev for 19.5 hour6' After trra'ltattqt

the trstter was tr{lsfeEleal to a PlastLc cyll-n'ler an'l the Y-ray

gpectru& observed wlth a Ge-Lt detector. Al1 long llve'l actLvl-ty

coulal be attributetl to lhe tlecay or 23n" (7r'rFra) 2{N"' Ftot

thta decay the lnltlal source Btrength waa

3onc. The contrlbutlon to thls strength of

eBtinateal to be

the reactl.on 
27lr

(7t1,5s.) 28"g 
".r, 

be conslalered a8 tlegllglble elnce thls

reactlon ha3 a negatLve Q value

le thlck enough !o 33aB nost of

che powder.

In any caae, these qualitative results thov that

the reaction 23ra. (7r,1,2p) ?8uq 
""rr' 

not be usetl wlih our-

accelerator for the Proaluctl-on of useful quantltles of 28ug'

(Q.-5.644 t{ev) anit the A1 foll

the 28ug fron recoLtlng into
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8l Ut i l izat ion of  P"oton Slast ic Sedttet ' ing ae a IooL fo" Liqht

EZeneate Mic?oanaLl t  s i  s

A.C.Xenoulis .nal A.Katsanos

. It ls lrell knovJn that the elernental nicroanalysls
method€ uli l izing X-ray spectrometry cannot be easily employed

for the degernj-ndtion of elements lighter than Ca or.ring to the
snall energy of the qorlegpontli.ng characteristic x rays. On the

.,other hand. the importance of l ight elements, especially in

bloloqical and agricultural projects, cannot be easlly over-
emphaslzed.

We have iilt-lated a study in order to aleternine
the feastbil i ty of uti l izinq the property that the energy of

an elastically sca tereal particle tlepends on the mass nurnber

of a scatterer fo! microanalysis of-Iight el-ements. It shguld

be pointed out that the tnain tu.fficuLty ln such a methoal is
prdsented by the snall energy separation of elastic peaks from

adjoint eleinents, whlch howeve! valies with the energy of the
bonbardnent- antl the angle of scatterlng. In order, therefore,

to seleCt the nost favorable conditions for experlnentation we
'have carried obt tlieoreticat elastic Ecatterlng prealictions for

all l ight elements up to K and fo! €everal bonbarding energies
and scattering angles.

Furthernore experimental measurements with

several sanples have been perforned at an optinum bean proton

energy of 7 MeV and backwaral aletectj-on angles. In Fig. 1 a
proton spectrun of such an elastically scattered beam from a

mixture of inorganic salts is shown, in which proton peaks

corresponding to C,N,O,F, P and K can be observed. Our regults

indicate that this nethod may be applicable in the qualitative

mic.oanalysls ofl ight elements. The detection resolution,
ho\rever. which is l i tnited mainly due to sample thickness,
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must be conslderably lmproved, eapecially for the deterhinatlon
of nitrogen.

o
Fz
l
ou

Ep=16 Mev
0r= l30o

CHANNEL'
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C. I I ISTRUIIENTATIOI{

-  
9)  Corat"uct ion of  a.Ca6 CelL fo!  mert?oI p"od,uet ior l

'* c.Vourvopoulos

The need of a monochronatlc neutlon bealn for (n,
charged partlcle) experlnents, leal to the construction of a 9a6
cell whlqh coulal wlthstand h19h gas pressure and h19h beam
currents. The cylintlr ical gas cell (3cn long, 1cm dlaneter) was
fabrtcatetl fron a O.4 rnn thick stainless steel tubLng. Thln Mo
wlnflorirg (5 to 10 urt thick) are used as entrance folls, The back
of the cel1 lras nade of a O.2 rnrn platinum disc, lrhLch nas ugeal
as a bean stop. DurLng a nunber of testa beamg up to 2OfrA of
deuteronE and pressures up to 2OOO r.orr lrere utiltzeal to
ascertain the optlmwn foll thicknesE and gag pressure for the
productlon of neutr6ns. The gas handltng system hag been

I constructeal for the utllization of aleuterlun. The neutron

_ 
proibrclng reaction for the tfune being wLll be the D (d,n) rHe

reactlon. At some later tlate the gas handlLng systen wiII be
able to acconodate TrLtlum for.the T(ttn,) 4He reactlon.
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tol

C"oae-Sectiorl

P. Nakanls. E. cazis, A.D. panaglotou*

The react ion 1t  . .  ^
derectins .".-r;.;l;;1, . 

-t"i 
;:'":"1"""H"":;":*:T:r:;

breaks up lnto a pair of protons by lts f inal state inreraction.

protons are ].::J;.::'il:"' 
fixed break-up enerev' the t!'o

axrs of  the cone. is the uar 
t  t t " tot  cone'  (Ref '2) .  The central

openrng or the cone ," ,rJ:::t'"" 
of,the orisinat 

fu and trre

Eb is the break-up """.n" "'"'lu"olj"lil5;1"!"lllY 
-, 

"; Hl"t;..
The probabil ity distrtbution of the protons lrithlnthe cone (with respect to the 1ab. syEten) ls tfrei proportionat

to the sol1d angle transforrnation. (We suppose that the decayis isotroplc in the 2He systetn).

(1)

where r Eb

;.;.r" E*,":.j:".:; fi:*"." 
of the detector from the tareer,

up point. 
cone at a distance A from the break-

Evaluattng thls j.ntegral for al; possible 2He
directions, encompassed by the dete<.:tor sotta angl , and divtdingby the detector area, ire obtain the geqrEtric efficiency ,"" i"",
detection irith a circular counter of radLus _ R:

^{A2+r2(-xr}1/2
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^ ^ 
11,

'  we"oT + 'R 'R-H " 1l - - : : '1 ' ' t  
' '

' '  : ;R-2- f ;  f ;  "  Io P(x,Y) H d YdYdHi (2,

lrhere II ls the tlistance-on the detector-between tlte centre

of the aletector and the dtrectton of 2He.

In the actual case of tHe. ho\rever. the alisintegratl-on
energy of 'tte does not orl.glnate frorn the break-up of a narrow
state, but lE rathe! a broail t l istributlon. alescribed by the
watson-Migdal theory, (Ref. 3)

The angular austri.bution of the 2p's ln the W.-M.
fornalisrn is glven by:

function of the break-up energy and A'pp a functlon of the
p-p scattering length (ref. 4)

Incolpolating lelatlon (3) in the geometric efficiency,

ri 'e obtain finally the total efflciency for the detectLon of the
break up protons !

nt"=#h /R /R-H /o{R2-( x+H)2}7/2 . roEb np(x,y)o(Eb) tqdyaxdHdEb

The function O (Eb) ln the last integral exists ln
tabuLar fonn: (Ref.3 )

Eb (Mev) O 1 2 3 4 5

6 (85) 1.O .82 .59 .40 .34 .31

f (6)=A-pp o(Ebvih dEb(3) where o(Eb) is a
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We have evaluated thls last lntegral with numerical methods,
for E* '" '*^' e5MeV, and useal it for an accuraCe calculatlon
ot tn! 2ne crosi .secClpn Ln the reaction under consialeratlon. :

* Nuclear Physics Laboratory. University of Athens.

1) A.D. Panaglotou, P. Kakanis,  E.N. cazis,  E.  Kogsionides,
N. XiromerLtis

Journal  of  Physlcs c:  Nuct.  Vol .  3,  No. 4 (197j1 L.  85

2) A. Uenchaca-Rocha: NucI. Inst + Meth. 114 (' lg7 4) 425
3) A.B.Migdal, Soviet. physics-,tETp, Vo1 1, No. 1 (19751 2

K.M. watson, Phy6. Rev.,  VoL. 88, No. 5,  (1952) 1163

i)  p.O. prt t t t rps,  et  aI !  NucI.  pbys.  53 (1964) 650.
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III THEORETICALNUCLEAR PHYSIGS

L't A Stttdu of - ' 0

I{. A. Mavromatls

IN

which incluales all

2ho in oscil lator

and L.D. Skouras

11
chig work lre study "o in a shelL notlel space

1-particle , 2p-1h anal 3p-2h states that are

energy above.

a

The cafculation involves setting up the three

energy natrlces (fot j-5/2, 1/2 and 3/21 and then naking

convergence studies for the ,energy of the systen. after first

eliminating the unll-nked graphs by neans of or box technlques

simllar to those of xrenciglcna. a.d xuol) . fh! unlinked graphs

arise because one is working in a ftnite space2) antl must be

eliminatetl in order to obtain tinkecl plus foldeal graph €!eansbJ'4.)

The sensltlvity of the convergence to a shi'ft

operator A rrhich does not affect the overall results but tdhlch

chanqes the contributions fron varl-ous orders is also gcudied.

rt is thown that the case A=o vrhlch corresponds to the choice

6f H as zero-older part of Che HamiLtonian iloes not produce

converclence.

The results of the calculatlon have been obtained
R\

using both the orlgi.nal Sussex matrlx eletnencs-' as rteLl aa ghe

modif ied saturatlng sussex elenents6).

1)

2\

3)

4)

6)

. E.M. Krencigloma anal T.T.s Kuo. Nucl. Phy8. 4?39 (9741 171

H.A.uavrornatls , Nucl. Phys. 4!99 (19731 477

P.coode, NucI.Phys.A241 (1975) 311
y.Starkard and M.W. KirEon, Phye. Lett. 55B

,J.P.El iot t ,  A.D.Jack6on, H. A.I tavromat ls 
'

B.singh, NucI. Phys. Al21 (196e1 241
E.A. Sanflerson,,f . P. Ell lott, H.A.!{avromatls

(19751 125
E,A.santlerson anal

Nucl. Phys. 4p l ' l914\ ' l9o
and B. Singh.
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G.S. Anagnostatos

It has been noticed t}at- j-"2 pfot" for qrounat
state bands In l ight nuclei exhlbit backbending l lke featuresl )
sirnllar to the ones observed i.n heavy nuclei2). Extensions
of the VI.II rnoalel, e.9. VttI23 and VMI234, are in general capable
of describing these features for heavy nuclei. These two
extensions, ho$ever, are not aufficient to alescribe dovrnbendlng
features vrhich are also observed in heavy and light nuclei.
Recently. a unlfied \n{f model vas proposed3) which incorporates
both backbenaling and dovrnbending features. In this nev, exrension
of the vMr modet, the potenrial energy is a potynomiat U{ 

{" I
l ike in Vt'tI23 anal VMr2J4 and the kinetic energy incluales, for
the first t ine, htgher order terns in I(If l). The mininum nunber
of terms atepends. ln the potentlal energy. on the nurnber of
roots oi the equation Oto27o.f-o, and, in the kinetic energy, on
the number of roots of the equation Ot/ -=O. (Both numbers
are determlneal by sinple observation if the 

"or.."ponatng l-a2
plot) ,

2, An Ei te is iorr  o the VMI Model to Light Nuctei ,

1)  X.W. Schnid,  S.  Krewald,  A.  Faessler and L.  Satpathy,
in ProceealingE of the International Conference on Nuclear
Physlcs, I , tunich, August 27 - september i  1973, edited by
J.  de Boer and H.J.  uang (North,  Hol land. Arnsterdatn.  1973),
p.  142

2) R.Q. Sayer.  f .S.  Sni th I I I  and W.J.  l t i lner,  Aton Data
and NucI.  Data Tables ,15 ( j9?5) 85_1OO

3) G.S. Anagnostatos . Tanilem Accelerator Laboratorv,
Annual  Report  ' l966, p.53

I
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I" lari ,nun Abundatt f  ao topea

G .S. Anagnostatos

In a recent $ublicationl ) soBe nerd' hltherto

unknor^rn, features of the abundance distrlbution curve have

been reported, which shor,, an intrj-nsic conElstency in the

abunalance distrtbution2i antl thus support the arguments for

a common history of the elements alurlng nucleosynthesi's 3 )

with the plesent conmunication an adalitional feature pointing

to the same conclusion i-s reported.

rn Fig. 1' the neutron excess number (N-z) versus

the neutron number (N) for aII stable nuclides ) is shown

separately for eveli-nass number, A (part a) and odd A (part b).

The nost stable lsoj:ar (t.e. the isobar \^rith the least mass)

for each A value is rnarked \dith a circle, \,thi le the other

isobars, where they exist. are tnarketl with squares.

As oDe can see from lhe figurer lhe neutron excess

of the most abundant isotopes 4) of the elements (soltd marks)

has an overall t lnear dependence upon the neutron nuhber for

nuclei between neutron closeal shetls. (at N:8, 20' 50. 82

and 126) , for the odd and fot the even A nuclei. M9 $torth

noting that if gne considels for eaqh element it€ lsotoPe (tf

any) whose abundance is at least 5og of the abundance4)' '  of

the rnaximum abundant isotope (half solial narks), it also follotts

the same linear depenalence. These features. aa the other featureg

dlscussetl in1) , cannot be explalned by the Burbltlge et al

(B'FH) cosmology " in kthich the abunalances resuLt fron a

nixture of products from several indePendent unrelatetl sources.
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. It raeher - lthblleE a connon hlstory of nuclliles aturlng
nucleosynthegLs , or at least durtng 1ts ult irnate phase6)

- 
in nhich the abunalaDces of nuclear specles were deternlneal by
the nuclear properCies nrhich defl-ne thelr yietd in nuclear
prcicesses that leaa1 to thelr fornatlon5).

|  1. . .  i tnagnostatos .  G.S. :  Astrophys. and Space ScI.  SO1445 ( j977)

2.  Suess,H.5. ,  Zelr ,H.D. Naturwl6s.  55 ,  477 (196g)

Antlers, E.:ceochim. CosmochLn. Acta l l, 516 (19711

3. ca!sr.. c. . phys. Rev. fg , 572 ('t9461

4. Cameron, A.c.w3 space sci .  Rv. 72 ,  12' t  119731
5. Burbldge, F.M.,  Burbidge, c.R.,  fowler.  t { .A. .  goyle,  F:Rev.

r4oal. Phys. 22 , 547 l't9'7l

:  

U. Suess, H.E.:  proc.  Nar.  Acad. Sct.  pZ ,  381 (19641
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4l supe?-Eeaoy Nucl..ei ir the FTdr|euo?k of the .tsonotphic Model

G.S. Anagnostatoa

In the 1a6t years a lot of theoretical and
experlr0ental work has been perforlred ln searchlng for superheavlr
nuclei at possibl-e new magic nunbers beyond N-126 and 2-82.
Depending on hhe rnotlel used, it has been found that the most
probable next magic nurnbers nay happen at 2=114 or 125 anal N=184,
or other neutron numbers. I{e wish to cross check these Dredictions
rdlth the laonorphic model.

As knolrn, the isonorphic .od"11-3)hu" succeealetl
in 9.1vtn9 a Eort of nstructural " understanding of alt knor,rn
magic numbers. using the basic assumption that the nucleons are
in dynanlc equil ibriun on'sf*Erical shells lr ith central glannetry.

Ahe neutron nunber N=184. Is not jugtif ied by the isomorphic
moalel as a Ineutron magic nunber. slnce the tl i fference of neutrons
betvreen N=125 and N-184, i.e. AN-58, cannot be reproduced by
conbinations of the nurnbers '12,20, a\d, 30 r{hich stand for the
nunbers of vertl.ces of equlllbrlum polyhetlra (narnely, icosahealron,
dodecahetlron antl lcosLdodecahealron) r.rhich ln the nodel, represent
the average shapes of nuclear subshells - for heavy or superheavy
nuclei. consj.dering a Eubstantial split of the spin-orbit cciipling
for the hartnonlc oscil lator potential level 2h, however, as in
Fig.1, the neutron nunber N-196 results, whose difference from
1E126, i.e. dN=7O. can be reproduced by the nunbers 12,20, a d 30.
Thus the isomorphlc nodel t lefinitely favors N=116 instead of
N=184 as the next neutron magic nunber. It is interrsting to
note that N=196 is Eupporteal by most modifieal harmon : c-osciLlator
potent ia ls4-5).

' The contributlon to the next posslbl-e neutron

riagic nunber of tvro subshells fron the higher harmonic

osci lLator shel l  (nanely,  1 j  15/2 anA 2h' l ' l /2\  i5 reasonable
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ln the followlng qualltatLve argument. As seen fron Ftg. 1.
the apllttlng of levels atue to the strcrE sptn-orbtt couFrl,ing
ln the fLrst shells does not contrlbute to the fornatlon
of the nagic numbers 2,8. and 20. Its eontrlbutlon starts at
the selDhaglc nuhber 28 and beconei stronger at the heavler
l iaglc nutnbers (5O, 82 and 126) Thus, an even stronger
contrLbutlon to the superheavy lragic number is not suprLslng.

For protons the noalel predLcts naqLc nuinbers at the
same nlulberg irlth neutrons. Thus, Z-i25 is very favorable.
The 2=114. howevdr I corresDonds to subghell of the Lsonorphlc
noalel and thus we cannot ehoose betireen theae two numbers,
before sone aattlttLonal irork has beetr performeal on the model .

1)  G.s.  Anangnostatos,  can i t .phys.  s i  (1973) 998
2) c.S, Anagnostatoa, creek Atomlc Energy Corurtssfoa Repiirt

Deno 74/5 1197t,
3) c.S. Anagnostatos 'Aton. Kernenergte 29 (1977, 2O7
4) S.G. Nl laon, J.R. Nix,  A.  Sobtczewskf z.Sz!4ranskl ,  S.

wycech, C.custafson anal p.l i l6l ler , Nucl. phys. A115
( r968) s45.

5) E.O Ft€et anat J.R. N1x, Nucl .  phys.  A193 (1g:-2l  617.
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fnduce d 9L- I?ane fe" 4eact iono
D'IBA

E. Mavronmatis

A extensive stuaty of sume heavy_lon induced
q transfer reactlons nithin the framerrork of DWBA has been
undertaken. Test and irnprovenents of sone assumptions are
p]anned in an effort not onll '  to obtain as close as posslble
agreement with the experimental anqular dependence of the
cross sections but also to extract reliable values for theq,-spectroscopic, factors. We have started with the reactlon'-o ( ' "o, ' "Ne) ' 'c  ,  whlch has been studled at  some energies
ln our laboratoryJ), arrd rrlth the DWBA fornallsm of Braun_
Munzlnger et al2)i (coded as BRUNHfLD) , $rhich alloi,rs afpro<Inately
for recoll anal f inite range effects. The sensitlvity of the
resuLts on the lower cut off radius and on the bound state.
aid optlcal model potential trEr.f,tEtrrs is currently investlgated
In detail fn paral.Iel att€
betrer the rinar boun.r "."::";:":":":::l"l'::fi , 

"::::::l':;
one,. a sun of Hankel functl.ong, !o improve the calculatton
of the cluster wave functl.on ua1ng other than lrrood_Saxon
potentials for the q,-core Lnteractlon and to uti l ize anothe!
approxlmation for recoll. Frorl the few resulfs available up
to notr lt seems that the reactlons under study proceeal
predomlnantly by a one step transfer of an alpha paricte as
suggested by the DWBA fortnalism assumed.

1) N.Xlromerlt ls et al
2) P.Braun - Munzlnger

(in thls report)
et al,. !tucl- phys.A223, 381, A385, 1q0.(1974)
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5. Jaotz,ou eCa Latior.e o? nucrear t ter  u i th the

E. UavromatLs

Reaults are gj.vet! of qratlained JaEtrow calqulatld|g
for the energy per partlcle and the density of nuclear natter
ustng the test potentiala Iy, OMy-5 as well as geveral others,
and various correlatiot! functions tnvolvtng parameters. The
constralnt chlefly etnployed is the normalizatlon condltton
in first oraler. a conditl.on naturally entering the Jasrrolr
formallsrn. The energy in the mini.mizatlon is approximated by
the flrst tr'o and ln Eome cases by the first tlree : tertns of
its FIY cluster expanEion. In aaldition tc the three body terms
ln FIY expanslon, the correspondlng ones of the AHT expansl-on
are also calculatetl for comparLson. Flon the conputations whlbh
were [Erforneal lt seens that , at least in sone cases, the
normallzatlon conditton constLtuteE a qulte satlsfactory
constlalnt leadhg, lrhen uaed in lo, order calculationg, ro
rellable reEults. Beg1ales, concluslons are alrawn as to the
aenaitlvlty of the resules on the constralnt, correlation
functlon anal mlnlmLzed etlergy expresslon.

I l  orn4l. iaqtion Condit ion
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i,rr Jasttou7. A P"eoiousl Gioe\ Cloeed. Fo?n Ene Esp"easion
o! I lucled.p Md.t te?

E.Mavronnatis

In this paper we carry out Jastrow calculations
for nuclear matter nrith the closeal forn energy expresslon of
ref ', whlch lnctudes approxinately terms higher than the
geconal. we use the test potenlials Iy, ouy_4,ouy_6 and Msc
anal correl-atlon functLons involving parEuneters. Our alm is
to lnvestigate ho\d the results derlved previously \dith the two
or the three-botly energyo, are altereil i f part of the higher
renns are approxltnately incluiled in the miniml.zation, and
whether subsj-diary 

-qondltions can be avoided. Frorn the prelimirErl,
results we have got lt seens that a subsidiary condition is tn
lnogt cases neceasary to cornpensate the neglect of the other
hlgh.er order terns, Caleulatlons are therefore ln process
using in aalalit lon the normalization conalit ion.

1.  E.Mavrommatis,  Nuov. c ln.  lg,  413 (1g7j l
2. E.Mavrotnmatls, Nucl.phys. A (to be publlshed) and reference€

therein.
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! I  DATA COLLECTION AND PROCESSING

1. Harduate Dco, l,opnent d.nil Mdinterance

V. RatseLls, A. Sokos, A. Chtonakis

' 1 .1. Developnent

In the report year, development nras again limlted to
small projects. The followlng became operali.onal-:

- A ponrer Eupply for 5V, 1OA, .O.l t regulatlon i.rhich i.rill be
useal for the aaldit l-on of nelr controllers to the pDp_15/.16.

- A l,lodule Test panel for DEC M Serieg nodules
- A l ine frequency driven aligital cLock $ith LED alisplay
- A time out control for the valve connectlng the Tank gas

(SF6) to the delr -polFt neter. The original , manually
operated val.ve, vras frequently left open with ensulng losses
of tank gas. With the new control a solenoid valve is
autonetically closeal after an aaljustable tlne period (1_,t5
mln) s1tnpllfylng thus the operation of the ater.polnt meter
anal aecuri.ng the gag volume,

1 .2 I.{aintenance

The maln effort in this field was to use locally Flrctased
cornponeni.s, as far aE posgible. instead of vendor supplled
spares. Thi6 lrlay cause mlnor change€ in the layout of componenrs
lf the replacenent is not identlcal to the origtnal componenc
but leads in nost cases eo consj.derably shorter dorrn-ttune for
the equlpnent.

A frequent problem ,wlth the conputer and related equtpment
was fallure of tlie power pags tranlristors in DC power supplies.
A cluster of such faults after the recen! tenpests in the Athens
area has lead us to suspect mal-n transl-ents as the cause of such
faul ts.
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Thus the posslbil i ty of stabil izing the maln supply to the
data processl.ng equipment is seriously consl.dered.

The main nalntenance ta,sks during the report year were the

fo11o'ring:

- In the KSR35 and ASR33 TeLetvpes several worn parts lrere

replaced malnlv rt ith parts nade 1n the Laboratory's
vro!kshop.

- The RK-Dlsk Unlt t had several problems with the + 15V poi{er

supply,

- The VR'14 Dtsplay Unlt has used up our supply of power

tlansistors. It eras succesgfully replaced wLth a B.P.13OOA
X-Y display systen.

- The NS-630 multlchannel Analyser has been unde! servlce for
two lengty perlods. Its DTL components are l-ncreasingly

diff icult to obtaln signallng thus the approachlng entl of Lts
usetur l , , l re.

- Pocket calculators and thelr charglng unlta r{rere repaLled.

- The control unit (Astrosystems Inc) anal the assoclated power

unit for the 70 cn scatterlng Chamber (Technollca Inc) neealeil
repai! twice (rectlf ler failures). Also the target poeltlonlng
gears had to be reaasenbled and allqneal.

- Finally, repaLrs of the nuclear electronlca nodulea rangeal
fron the ORTEC 120 charge sensLtive preampLlfler through
amplif lers (ORTEC 451, 44OA) anal slngle channel analyaers

(ORTEC 42OA, "Alll.l! 8025) t'o the Preclslon Pulae cenerator
(BNC PB-4).
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U. ACCELERATOR OPERATION

1. ope"at i ,on

N. Andreopoulos. Th. Agthenopoulos, N. DLvls, c. prokos
and E. Serveta-ttoshotl.

During 1977 the Tandern was uti l i .zed for a total
of 21OO hours. the use of the acqelerator was l imited thls
year due to a tlro month sbut down because of a damaged lov,
energy tube. We have had ln the past consialerable diff icul.ty
l-n obtaining high voltages ln the machine. with considerable
tube sparking above 4,5 MeV. The problem vras finally traced
to radiation damage due to the rather hlgh current proton
bearns (over 2OuA) enterlng the accelerator with transtrisston
of less than 60*. The problem nras renedied with the install-aticrr
of a second Einzdi lens in the drift tube betlreen the exlr
of the source inflection nagnet and the entrance !o the
accelerator. We have thus achieveal a transmission of better
than 8Ot for all proton energtieg betireen 1 and 10 Mev. After
15OO hours of operation the repalred Io!, energy tube does not
show any slgns of darnage.

A neir beam foil inalicator nras constructed to
replace the orLginal one rdhich was baseal on electrical conracts
antt a llght bulb gystern. The neer one has an I,ED display and is
fully transistorized.

j
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